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NOTJCE. 

THI RoYAL SooIITY of New South Wales originated in 18~1 AI 
the" Philosophical Society of Austra1aaia"; after an interval of 
ina.ctivity, it Wlloll resuscitated in 1850, under the Il&m8 of the 
.. Australian Philosophical Society," by which title it WAI known 
until 1866, when the name was ohanged to the" PhiiOIophical 
Society of New South Wales "; in 1866, by the sanction of Her 
Host Gracious Majesty Queen Victoria, it assumed its present 
title, and was incorporated by Act of the Parliament of New 
South Wales in 1881. 

'TO AUTHORS. 

Authors of papers desiring illustrations a.re adviaed to consult 
the editors (Honorary Secretaries) before pJ'E'paring their drawings. 
Unless otherwiae specially permitted, 8uch drawinp abould lle 
carefully executed to a large Bcale on smooth white Bristol board 
in intensely black Indian ink, so &8 to admit of the blocks being 
prepared directly therefrom, in a form suitable for photographic 
"proceas." The aile of a full pa.re plate in the Journal is 41 in. 
x 6f in. The cost of all original drawings, and of colouring plates 
must be borne by Authors. 

FORM OF BEQUEST. 

I \tqtuatlt the sum of I- to the RoUL SOCIITY or 
NIW SOUTH WALlS, Incorporated hy Act of the Parliament of 
New South Wales in 1881, and 1 declare that the receipt of the 
Treasurer for the time being of the said Oorporation ahan be an 
etl'ectual disoharge for the said Bequf'lt, which I direct to be paid 
within calendar months a.fter my deoeaae, without 
any reduction whatsoever, whether on account of ~y Duty 
thereon or otherwise, out of suoh part of my estate as may be 
lawfuIJyapplied for that purpose. 

[2'Ao. TJM'IIOR1 t.Mo ''''' d.,ed 10 b~ tIM Roral Soc"" 01 
New SomA "Gla by LegGCiu, ",., recom'J""aded 10 I"',"", e/tri,. 
$oUoWw. 10 tJdopC 1M "boN Form of Bepue.] 
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stephens, John Gower. M •••• Royal Prince Alfred Hospital .. 
Campel'do"n. 

Stewart, Alex. Hay. B .•.• 165 Wardell Road. Dulwich Hill. 
Stewart, J Douglas. B.V.So.. JI[.B.C.V.S., Prafesaor of Veterinary 

Science in the University of Sydney; 'DereIle,' Homebuah. 
Road. Strathfield. 

Stokes. Edward Sutherland. M.B. 8,,11.., F.B.C.P. Ire'-, Medical' 
Offiuer. Metropolitan Board of Water Supply and Sewerage .. 
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Stone. W. G., Aaai8hmt Analyst. Departml"nt of Mines. Sydney. 
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Sundstrom, Oad GIlSta.f, c/o l!'ell .. rILl Match Co., Park Road, 

Alexandria. 
Sussmilch. C. A .• F.G.S .• Principal of thp 'l'echnica.l College, 

NewoHstle. N.S.W. (Prt'sidl'nt 1922.) Vice. President. 
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Vice-Prellid"'t from 1866 to 1878. 

To be awarded from time to time for meritorious contributions to the 
-Geolol1, MmeralOl7, or Natural History of Australia. The prefb: -
mdica.tea the decease of the recipient. 
AWllllltd 
1878 -ProfeBBor Sir Richard Owen. X.C.B., I'.B.S. 
1879 -George Bentham. C .•. G., 11'. B.S. 
1880 -Professor Thol. Huxley, F.B.S. 
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1889 -Robert Lewis John Ellery, 1I'.B.B., 1I'.B.A.S. 
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]911 Joaeph .'alnt's Fletchpr . •. A.., B.S •. 'Ra,venscOurt,' Woolwioh. 
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ISM W. E. Abbott, Wingen, for paper entitled' Water luppl;y in the­
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1886 S.B. Cox, 11'.0.1.,1 C &., Sydney, for paper entitled 'The Tin depoBit .. 
of New South Wales.' 

188'1 Jonathan Seaver, 11'.0 B., Sydney. for paper entitled ' Origin and 
mode of occurrence of gold-bearing veins and of the assooia.ted 
Minerals.' 

1888 Rev. J. E. Tenison-Woods, F.G.8., F.L.8., Sydney, for paper entitled 
, The Anatomy a.nd LifE'.hiltocy of Mollusca peculiar to 
Australia' 

1889 Thomas Whltelf'gge, F.B.K.S., Sydney, for paper entitled' Lilt of 
the Marint' and Fresh.water Invertebrate Fauna of Port 
Jackson and Neighbourhood.' 

1889 Rev. John Matht'w, ]II .... , Coburg, Victoria, for paper entitled 
, ThE' Australian Aborigines.' 

1891 Rt>v. J. MlIne Curran, ~'.G.S, Sydney. for paper entitled 'The Mil'ro­
scopic Structure of Australian Rocks.' 

1892 Alexander G. Hamilton, Public School, Mount Kembla. for paper 
entitled • ThE' effect which settlement in Australia has pro­
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PRESIDENTIAL ADDRESS. 
By C. ANDERSON, M.A., D.Sc. 

D,HwrIfJ to th' RO',VGl Society of New SOfIth Wales em May 6, 1925. 

At this, the 452nd General Meeting of the Royal Society 
of New South Wales, I have the satisfaction of reporting 
that steady progress in the work of our Society has bet>n 
maintained during the preceding year. rrwenty-two papers 
were read and discussed at the monthly meeting and four 
Popular Science Lectures were delivered. 

Several of our members have been honoured in the last 
twelve months. Mr. John Sulman has been made Knight 
Bachelor, and we have to congratulate Professor Sir 
Edgeworth David on having had conferred upon him by 
the Geological Socil"ty of America, the Honorary Degree 
of Correspondent, for his eminent services in the cause 
of geology; also on his election as Honoral')' Member of 
the ~logical Society of Belgium, and Foreign Member 
of the Royal Bohemian Academy of Science, Prague. 
Professor J. Kenner and Dr. R. J. Tillyard have been 
elected Fellows of the Royal Society of London. 

On the 27th May, 1924, the Society had the honour of 
welcoming Dr. V. Stefansson, the celebrated Arctic 
explorer, on his arrival in Sydney. 

During the year twenty-three new members have joined 
the Society and eight resignations have been received. We 
have lost eleven Ordinary Members and one Honorary 
Member by death, and the membersh,ip now stands at '379, 
a slight increase over that of last year. 

A-Xq •• l8II 
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OBITUARY. 

It is with deep regret that I announce the deaths of 
W. Botting Hemsley, W. E. Abbott, H. E. Barff, W. H. 
Baxter, W. P. Faithfull, T. F. Furber, W. A. Baswell, 
T. H. Houghton, J. I. Hunter, H. E. Kater~ H. G. Smith 
and A. G. Stoddart. 

WnLIAM BOTTING HEMSLEY, who was elected as 
Honorary Member in 1911 and died on 7th October, 1924, 
in his eighty-first year, was born at East Hoathly, Sussex, 
England. His family had long been connected with the 
study and practice of horticulture, and young Hemsley 
commenced his life-long association with the subject of 
botany as a gardener in his father's establishment. In 
1860, at the age of seventeen, he entered Kew as a gardener, 
but was soon transferred to the Herbarium, where, among 
other duties, he assisted Bentham in the preparation of the 
HFlora Australiensis." He suffered at intervals from 
indi:tferent health, and in 1867 he was obliged, on that 
account, to relinquish his position at Kew, though he was 
atill able to continue his botanical work. In 1874 he 
returned. to Kew as an independent worker, and, for the 
following nine years, he was employed mainly in describing 
the phanerogams collected by the" Challenger" ; his report 
was published in 1885, and his reputation as an authority 
on insular :floras was established. In 1883 he was again 
made a permanent member of the Kew staff, and in 1899 
he became KeepeJJ of the Herbarium and Library, an 
office which he held until his retirement in 1908. He was 
elected a Fellow of the Royal Society of London in 1889. 
Hemsley's contributions to b()tanical science, which were 
numerous and important, were chiefty of a systematic 
nature. His work on the ftora of China occupies three 
volumes of the Linnean Society's Journal, while his 
botanical contributions to the "Biologia CentraJi-Ameri-
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'(lana" ran into five volumes. He was also associated with 
fthe elaboration of the p'iants collected by the Afghan 
Boundary Commission, and in the production of a valuable 
"Flora of IIigh Asia." He, with other members of the 
Kew staff, shared in the preparatIon of the Flora of 
Tropical Africa. We, in Australia, owe much to the 
scholarship and wide botanical knowledge of our late 
Honorary Member. 

WILLIAM EDWARD ABBOTT, of Wingen, New South Walt·s, 
who joined the Hociety in 1877, died on 14th AprJl, 1924. 
A son of John Kingsmill Abbott, he was born at Muswell­
brook in April, 1844. Since 1860 he was engaged in 
pastoral pursuits on the Upper Hunter, but in the intervals 
of a busy life he found time to devote himself to scientific 
and literary work, and oontributed several papers to Our 
Journal, dealing mainly with water supply and other 
aspects of the land industry. In 1884 he was awarded the 
bronze medal of the SO<'iety for his paper "Water Supply 
in the Interior of New South Wales." He was the author 
of a valuable and interesting book, "Mount Wingen and 
the Wingen Coal Measures." 

H. E. BARFF, who had been a member since 1896, died 
on 2nd May, 1925. His death removed one who has played 
an important part in the history of the University of 
Sydney, of which he was Registrar for many years, and 
Warden since 1914 until his retirement last year. He 
was a son of the Rev. John Bad, who laboured as a 
missionary in Tahiti. Born 67 years ago, he entered the 
University of Sydney as a student ;n 1873, and graduated 
in Arts three years later. In 1878 he became Lecturer in 
Mathematics, and in 1880 he was appointed Acting 
Registrar, and in 1882 Registrar. Mr. Bad devoted his 
life to the welfare of the University and earned for himself 
a high reputation as an administrator by reason of his 



tact, his sound judgment, and his wide knowledge. During­
Mr. Barff's association with the University that institution" 
has grown from a small academy with four professors and 
about 50 students to its present proud position as one of th& 
most important universities in the Empire with a sta1f of 
nearly 250, and more than 3,000 students. Mr. Barff was 
regarded as the most experienced academic authority in 
Australia, and for his emin&nt services his name was 
included in the 1923 New Year's honours list, when he 
was made C.M.G. 

WILLUlol HOWE BAXTER, late Chief Surveyor of the 
Existing Lines Branch, Railway Department of New South 
Wales, died. on 3rd March, 1925, at the age of S&venty. 
He was born at Barton-on-Humber, England, and was a 
son of the Rev. T. N. Baxter. Coming to Australia in 
1877, he became connected with the Railway Department 
of this State, and remained in that service for over forty­
four years, during which time he conducted. many im­
portant surveys. One of his most notable achievements 
was the alignment of the tunnel between Long Nose Point 
and Greenwich on the Parramatta River, a work involving 
great skill and accuracy and no small degree of persever­
ance. The success which he achieved in this work may 
be gauged by the fact that when the two sections of the 
tunnel were •• joined, " the alignment was found to b& 
correct within the fraction of an inch. Mr. Baxter 
endeared himself to all with whom he came in contact 
by his unfailing courtesy and kindly disposition. He had 
been a member of the Society since 1894. 

WILLIAM PEROY FAlTBFULL, who died 22nd November, 
1924, at the advanced age of eighty, joined. the Society 
in 1904. He was born at Springfield, near Goulburn, and 
edueated at King's School, Parramatta, whence he pro­
ceeded to the University of Sydney. After graduating in 
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Arts, he read Law, and was admitted to the Bar and 
practised for some time, but, later, he took up sugar­
planting in Queensland. He took a great interest in 
hospital matters, and was for many years closely associated 
with the Royal Alexandra Hospital for Children. 

THOMAS FREDERICK FURBER, who died 7th October, 1924, 
was one of the most outstanding figures in Australasia in 
eonnection with the higher branches of surveying. He was 
born in England in 1855, and entered the Survey Branch 
()f the Lands Department, New South Wales, in 1869. 
Very early in his career he displayed wonderful mathe­
matical ability, and became a member of the Licensed 
Surveyors' Examination Board when he was but twenty­
six years of age. He was employed in the Trigonometrica.l 
Branch, where he became chief computer in 1890, and in 
1904 he was appointed Metropolitan District Surveyor and 
Director of Trigonometrical Survey'l, which position he 
filled until his retirement in 1914. He was a Fellow of 
the Royal Astronomical Society, and for many years he 
lectured on Geodesy and Astrohomy in the University of 
Sydney. In December, 1882, he went to Lord Howe Island 
for the purpose of making observations in connection with 
the transit of Venus. He was one of the founders of the 
Institution of Surveyors of New South Wales, of which he 
was Honorary Secretary for many years and four times 
Pre .. ident. His interest in scientific matters was keen, 
and he was a member of the Society for forty-three years. 
Mr. Furber was energetic and coll'!lcientious in the dlS­
-charge of his public duties, devoted to his profession, and 
full of the highest ideals. 

WILLIAM AITCHESON HASWELL, who died 24th January, 
1925, was one of the foremost of the world's zoologists. 
He was born at Edinburgh, Scotland, on 5th August, 1854, 
and was educated at the University of Edinburgh, where 
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._. .. time, but abandODed hi. intention of enteriD,f' 
'Ulat profellioll and resolved to devote himself to natural 
history. He came to Australia in 1878, partly for health. 
reasons, and in December, 1879, he was appointed Curator 
of the Queensland Museum. In 1882 he became 
Demonstrator in Zoology, Comparative Anatomy and 
Histology in the University of Sydney, and, later, Lecturer 
in the same subjects. In 1890 he was elected to the newly 
created Chair of Biology, which he held until 1914, when. 
his title was ohanged to Professor of Zoology on the appoint. 
ment of a Professor of Botany. In 1917 he retired with. 
the title of Professor emeritus, though he continued his 
scientific work in the quietude of his private laboratory 
at Point Piper almost up to the day of his death. He' 
was deeply interested in museum work and was a T~ustee 
of the Australian Museum from February, 1891, tOI 
December, 1923. He was elected a Fellow of the Royal 
Society of London in 1897. 

Professor Haswell's contributions to zoological science 
covered a wide field. His interest was chiefly in the· 
invertebrate groups, particularly the Crustacea and the 
Annelida, but he also made important researches in the 
vertebrate phylum, investigating the paired limbs of 
Cef'atodu8, the myology of marsupials and other subjects. 
He made a s"ecial study of the Temnocephaloidea, a group 
of flat" worms parasitic on crayfishes, and was recognised 
lIB the leading authority on that group. His last paper,. 
which appeaDed in the Proceedings of the Linnean Society 
of New Soutlt Wales for 1924, was the first part of a 
revision of the Temnocephaloidea. Haswell was perhaps • 
best known as joint author with the late Professor T. 
Jeffrey Parker of the celebrated. "Text-book of Zoology,'" 
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familiarly known as "farker and Haswell," which has 
maintained its place as a standard work for over a quarter 
of a century. The first edition appeared in 1898, and, by 
the charm of its style and the judicious arrangement of 
its contents, it quickly established itself &8 the leadin, 
text-book in all English-speaking countries. Subsequent 
editions appeared in 1910 a.nd 1921, and these were pre­
pared entirely by Haswell, his collaborator having died 
shortly after the appearance of the original edition. 
Professor Haswell was of a retiring disposition, extremely 
modest and unassuming in his manner, but to those who 
were privIleged to know him well, he disclosed a kindliness 
and consideration for others such as one rarely encounters. 
He was full, too, of a quiet humour, and, as he had a 
retentive memory and a well-stored mind, his conversation 
was both instructive and entertaining. He joined the 
Society in 1884 shortly after his arrival in Sydney, a.nd 
in 1915 he was awarded the Clarke Memorial Medal for 
his contributions to thE' natural history of Australia. 

THOMAS HARRY HOUGHTON, elected a member in 1891, 
died 26th September, 1924. He was bo!'u at Dudley, 
England, in Ja.nuary, 1857, and arrived in Australia in 
1890, when he installed the pumping plant at the Crown 
Street Waterworks, Sydney. In 1891, on the completion 
of this work, he entered into private practice in Sydney 
and quickly won for himself a high position as a pro­
fessional engineer. During his career he was associated 
with the carrying out of many important public a.nd 
private works, and his services were frequently in demand 
for purposes of report, valuation, and arbitration. He 
took a leading part in all matters concerning his profession, 
and his advice a.nd co-operation were often sought by 
various scientific and technical bodif!s, of which he . was 
an active member. He was a member of the Council when 
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his death occurred, having served in that capacity since 
1906, and he occupied the Presidential Chair in 1916. 
On the occasion of his death the following resolution was 
passed by his colleagues on the Council of the Royal 
Society: 

That the members of this Council desire to place on record 
their very high appreciation of the services rendered to 
the Society by their late colleague, Mr. T. H. Houghton, 
M.Inst.C.E., a past President, who was ever ready to 
place his professional knowledge and experience as a 
supervisor at the disposal of the Council in all matters 
relating to structural alterations to the Society's House 
and has done this on many occasions to the Society's 
great advantage. 

He was a man of a genial and obliging disposition, and 
his wise counsel and ready help were always at the service 
of the Society, which by his death has suffered a grievous 
loss. 

JOlIN IRVINE HUNTER, who died suddenly in London on 
10th December, 1924, at the early age of twenty-six, was 
recognised as one of the most brilliant anatomists of our 
time, for in spite of his youth he had made contributions 
of far-reaching importance to anatomical and surgical 
science. The others whose loss we mourn had mostly 
reached the allotted span, and their life of achievement 
was behind them, but Professor Hunter was on the very 
threshold of life, and his death IS no less than a calamity. 
Had he lived and fulfilled his early promise, he would 
undoubtedly"have ranked very high am~ng the scientific 
men of his generation. It is impossible to estimate the loss 
that Australia and the world have sustained by the 
untimely death of John Irvine Hunter. He was born at 
Bendigo, and lIeceived his early education at the Albury 
District School. In January, 1913, he became a pupil at. 
Fort Street Boys High School, and two years later he 
entered the Medical School of Sydney University. As a 
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'Student he had an exceptionally brilliant career, winning 
practically every prize and scholarship for which he was 
eligible, and he graduated in 1920 with first-class honours 
and the University Medal. For two years prior to gradu­
ation he had acted as Prosector and Demonl>trator in 
Anatomy, and he so impressed Professor J. T. Wilson, who 
then occupied the Chair of Anatomy, that he was appointed 
Associate-Professor of Anatomy almost immediately after 
graduation, being then only twenty-one years of age. 
After lecturing for a term he was granted two years' 
leave of absence to enable him to study methods of teaching 
and research in anatomy, and spent the greater part f¥ 
the time working in association with Profl's"lor Grafton 
Elliot Smith at University College, London. One of the 
important pieces of work accomplished by these two 
brilliant graduates of Sydney University was a new recon­
struction of the famous Piltdown skull, demon"ltrating that 
the jaw which had been associated with the skull, and 
which some anatomists had supposed to be that of an 
ape, was really human. Rl'turning to tlydney, Hunter 
was immediately appointed to the Chair of Anatomy in 
successiQn to Professor J. T. WilsoD, a signal achievement 
for so young a man. As a lecturer and teacher, Hunter 
was surpassed by few, as wlll be admitted by those of 
you who heard him lecture in this Hall on 17th July, 
1924, on "Experimental Observations on the Organisation 
of the Human Nervous System." He will be remembered 
best for thc wonderful results obtained in collaboration 
with Dr. N. P. Royle in the treatment of paralYl>is. As 
the outcome of a series of carefully planned experiments 
on animals, the two young investigators made the impor· 
tant discovery that the sympathetic nerve", have aD 

imp<)rtance which had not previously been sUFlpected.. The 
Ol'dinary nerve fibres transmit impulses which produce 
movements at will, and, as the outcome of these epoch-
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making researches, we now know that the sympathetic: 
nerves have the function of "loclung" the limb in the new 
position. The great dIscovery of Hunter and Boyle was 
that, if the sympathetic nerve responsIble for the rigidity 
of a limb affected by paralysIs be severed, the limb recovers 
its freedom of movement and regaIns its normal healthy 
condition. ThIS IS one of the most important advances 
in medIcal science that has been made for many years, 
and It is yet too early to assess its value as a means of 
lessenIng the sum of human suffering. 

In June, 1924, Professor Hunter and Dr. Royle were 
invited to delIver the Dr. John B. Murphy oratIon at the 
CbnIcal Congress held in New York in October last. This 
is the highest honour In the gift of the College of Surgeons 
of New York, and the inVItatIon was justly regarded as 
& high comphment to the two young scientists and to the 
UniversIty of Sydney. Before returning to Sydney, 
ProfellSor Hunter viSIted London, and was preparing to­
deliver a serIes of free public lectures at VDlverSJ.ty College, 
on "The Anatomy and PhYSIOlogy of the Sympathetic 
InnervatIon of the Striated Muscle," when, on Saturday, 
6th Decembl'r, he w&. strIcken WIth typhOId, and dIed on 
the followmg Wednesday. Hunter Jomed our SOCIety in 
1923, and many of you no doubt knew hIm well and 
admIred hI .. unselfish character, hIS "'Imphclty and hIS 
mode"lty. lIe was unspoiled by hIS meteorIC rIse to fame, 
and shll retamed the boyish exubl'rance and enthusllu-,m 
which marked hIS undergraduate days. He was not only 
a man to' admIre but one to love. "Fame has only the 
span of a day, they say, but to lIve In the hearts of the 
people-that IS worth something." 

HENRY EDWARD KATER, who became a member 1D 1883, 
dIed on 23rd September, 1924, at the age of eIghty-three. 
He was born at Bungarrlbee, near Penrith. HIS father. 
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H. H. Kater, was one of the early pioneers, and his grand­
father, Captain Henry Kater, was a distinguished seien­
tiat, to whom were awarded a Royal Medal and the Copley 
Medal of the Royal Society of London; he wa$ the 
inventor of the prismatic compass still used by surveyors. 
Mr. H. E. Kater had many interests, but his name is 
inseparably associated with the sheep-breeding industry, 
and the merinos of H. E. Kater and son are celebrated 
throughout the Commonwealth. He was closely associated 
with the Royal Prince Alfred Hospital, which owes much 
to his sound counsel, sympathetic interest and generous 
contrIbutions. He endowed the H. E. Kater Ward and 
presented the first X-ray apparatus posseS&ed by the 
Hospital. He was a man of great kindliness of heart and 
public &pirit, which found expression in many directions. 
He became a member of the Legislative Council in 1889, 
Wlhen Sir George Dlbbs was Premier, and his contribu­
tions to the debates in the Council, espeCIally on matters 
relating to land, local government and such questions, 
were very valuable. 

HENRY GEORGE SMITH, who died on l!lth September, 
1924, at the age of seventy-two, had been a member of 
the SOCIety &ince 1893. lIe was born at Littlebourne, 
Kent, England, and came to Au&tralia in 1883 on account 
of his health. Soon after hi .. arrival he obtained an 
appointment in the Technologlcal Museum, Sydney, then 
housed In the Domam. In 1891 he became laboratory 
assistant, and in 1899 Assistant-Curator and Economic 
Chemist. He devoted himself whole-heartedly to his great 
life work, the investigations of the ea&ential oils and other 
chemical products of the Australian fiora. His published 
papers reached a total of over a hundred, several of them 
being written in collaboration with his botanical coneague~ 
Mr. R. T. Baker, fo1' many years Curator of the Techno-
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logical Museum. The most important outcome of this 
happy association of botanist and chemist was the co~­
prehensive work, "A Research on the Eucalypts and theIr 
Essential Oils," first issued in 1902. Another important 
joint work, appearing in 1910, waa "A Research on the 
Pines of Australia," the most complete treatise yet pub­
lished on the morphology and chemical characters of our 
conifers. After retiring from his position at the Techno­
logical Museum he continued his researches in the organic 
chemir,try department of the University of Sydney in 
association with Professor John Read. 

The work of H. G. Smith was characterised by origin­
ality and accuracy, and he always had a due appreciation 
.of the economic importance of his researches, which have 
.contributed materially to the success of several industries. 
He was a member of the Council of the Royal Society of 
New South Wales for twenty-four years and was President 
in 1913. He was an original member of the Australian 
National Research Council, and in 1923 was President of 
the Chemistry Section of the Australasian Association for 
the Advancement of Science. He was an Honorary 
Member of several British and American scientific bodies, 
and was awarded the SymE' Prize by the University of 
Melbourne in recognition of his eminent services to 
chemical science. On 24th September, 1924, the Council 
of this Society passed the following rE'solution: 

That this Council of the Royal Society of New South Wales 
record in its Minutes its high appreciation of the services 
of its late member, Henry George Smith, in the promotion 
of. the interests of the Society, in the advancement of 
knowledge in the domain of chemistry, and in extending 
the avenues for the development of the resources of the 
State of New South Wales and of the Commonwealth of 
Australia. 

His character was marked by '1implicity and sincerity, 
.and his unfiagging zeal in his chosen field of work was an 
inspiration to all his aSbociates. 
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.Al:nED GEORGE STODDART, who died on 26th August, 
1924, had been a member since 1903. He was born at 
London in 1854, and came to Australia forty-six years ago. 
He was for thirty yean Rector of St. Matthews' Church 
of England, Manly, and had previously served at Kelso, 
Redfern, Mllton, and Sutton Forest. He was clerical 
Secretary of the Diocesan Synod from 1887 to 1910. 
During the war Mr. Stoddart served as a chaplain with 
the Australian ImperIal Forces in Egypt and England, 
and was extreme1y popuJdr with officers and men. 

SCIENTIFIC ACTIVITIES. 

The Australasian Association for the Advancement of 
Science held a very successful meeting at Adelaide in 
August, 1924. Many important papers were read and 
several fruitful and stimulating discussions took place. 
The next meeting of the Association will be held at Perth, 
Western Austraha, in August, 1926, and it is hoped that 
a large number of vlsitor~ from the eastern States will 
take advantage of the travelling concessions which are 
now being arranged for. 

Matters are now in train for the holding of the next 
Pan-Pacific Science Qongress in Japan, about October, 
1926. It is hoped that arrangements can be made whereby 
a vessel will be available by whIch those who take part 
in the Perth meeting of the Australasian Association will 
be able to travel from Perth, direct to Japan to attend the 
Pan-Pacific Congress. 

Among the important matters wruch the Australian 
National Research Council has had in hand during the 
year has been the necessary work in connection with the 
proposed Chair of Anthropology in Australia. . This 
proposal is the outcome of a resolutit>n passed by the Pan­
Pacific Science Congress in 1923, and, after interviews 
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with the Prime Minister, at which Sir David Orme MaSllOn, 
Pretrident of the Council, was '!upported by the Austral­
asian Association for the Advancement of Science and 
the various State Universities, the Commonwealth Govern­
ment undertook to provide an annual sum of £1000 if the 
States would subscribe the necessary balance, and it was 
arranged that the Chair should be f01lllded at the 
University of Sydney. . 

Under the auspices of the Research Council, in co-opera­
tion with the Australian Chemical Institute, a national 
Committee in connection with the Union of Pure and 
Applied Chemistry has bet'n formed, and it is hoped that 
this will be of dh,tinct benefit in connection with researeh 
work. 

The Research Council is forming a committee to investi­
gate questions of temperature, salinity, etc., of the Pacific 
Ocean, and Dr. T. Wayland Vaughan, of the Scripps 
Institute, La Jolla, California, has been appointed Chair­
man, with Professor H. C. Richard&, of the University of 
Queensland, in charge of AustralIan operations. 

During the year the first biologIcal survey station for the 
study of the fauna and flora of Australia has been formed. 
The National Park Trust has handed over to the Royal 
Zoological Society of New South Wales a cottage at Gunda­
maian Bay, which will be the headquarterr. of the zoologists, 
and also a cabin at Palm Creek, near Waterfall, where 
the members of the OrDlthological Section will study the 
bird life. As the fauna and flora of the National Park 
are still more or less in their original undisturbed condi­
tion, we may expect interesting and valuable results from 
this biological survey station, and all nature lovers will 
applaud the public spirit of the Trustees of the National 
Park, and of the Chairman, Mr. Frank Farnell, for this 
generous gift. 
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THB AUSTRALIAN FAUNA. 

For the second part of my address I have chosen the 
:subject of the Australian fauna. 1 fear that I am not 
competent to deal wlth that theme in any but a very 
general manner, as I cannot claim to be an expert in any 
branch of zoology. I feel, however, that the subject with 
which I am most familiar, namely, mineralogy (and 
oesp'ecially the crystallographic properties of minerals) is 
so specialized that it woulrl not appeal to the members 
of our Society. On the other hand there are so many 
interestIng problems associated WIth the study of our 
fauna that, it seemed to me, it might well form the subject 
of my address. 

It has often been &81(1 that the Austrahan fauna is one 
.of the most interesting and important In the world. The 
reason for this is to be found mainly In the fact that 
Austraha was severed from other land masses at a fairly 
distant date geologically &peaking, and, when this 
happened, it contained a fauna which was more or less 
representative of the animal life of the time. Removed 
from competition with more hIghly endowed animals which 
subsequently evolved in other parts of the world, our 
animals have survived, and are so many ancient documents 
to which we can refer for information as to the animal 
life of ages past. This it what is meant by the term "land 
.of living fossils," so frequently applied to Australia. 
This striking feature, namely, the survival in AustralIa 
.of types which have long been extinct in other lands, is 
not confined to the hIgher forms such as the mammals, 
but is exemplifled also in thE' lower vertebrates and also 
in the invertebrates. Long ago Huxley wrote, "Looking 
at the present terrestrial fauna of Australia, it appears to 
me to be very probable that it is essentially a remnant 
of the fauna of the Triassic, or even of an earlier age" 
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(Huxley, 1870); since that time many writers have 
emphasised the same feature. 

Amongst the mammals, the monotremes, comprising the 
platypus and the echidnas, now confined to the Australian 

region, are the sole survivors of primitive mammals whieh 
retained the reptilian habit of laying eggs. In spite of 
this egg-laying habit and various anatomical features of 
a reptilian character, the monotremes are true mammals, 
although some authorities have argued that they are a 
race apart and should be removed from the mammalian 
class. The geological history of the monotremes is 
practically unknown, for no fossil monotremes have been 
found E'lsewh£'re than in ,the Australian Pleistocene (or 
perhaps Pliocene as well), and these differ but little from 
the recent forms. It has been suggested that the mono.­
tremes are related to the Multituberculata, small extinct 
mammals, mainly of Mesozoic age, in which the molar 
teeth had flattened crowns with many cusps arranged in 
rows, but it is probable that this view is not justified. 
The monotremes, then, have no close relatives among either 
living or extinct mammals, and Broom makes the striking 
statement that "the difference between a cynodont reptile 
and a monotreme is les& than the difference between a 
monotreme and a marsupial, and this again not much 
greater than that between a marsupial and an insectivore" 
(Broom, 1907, p. 1059). The exact mode and place of 
origin of the monotremes is still a mystery, and it is 
possible that they originated in Australia from pro­
mammalian ancestors and have never existed elsewhere. 

The marsupials are the characteristic mammals of 
Australia, and unquestionably they belong to a very ancient 
and once widely distributed order which now survives 
only in Australia, with its neighbouring islands, and in 
South America, with a few stragglers in North America. 
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However the marsupials entered Australia it seems certain 
that it was at a fairly distant date, perhaps late Cre.taceous, 
perhaps early Eocene, and that at the time of their entry 
they were the highest type of mammals. It is often &aid 
that the marsupials were driven into Routh America and 
Australia by the later (,volved placental mammals, but 
this does not beem to be the correct expression. If that 
were so, some of the hij;ther forms would have entered 
AustraHa at the ~ame time. It Reem~ much more reasonable 
to suppo<,e that at one time marsupials were practically 
co<,mopolitan, and that tht>y have 8urvive(1 in Australia. 

When they first reached this continent they found a 
large land mailS with a hospitable climate and no serious 
competitors and then began that grand deployment or 
adaptive radiation which has given us the diverse types 
of the prebent day. Just as in the human sphere, so, in 
the animal world there are certain niches, or "profe&sion"l," 
which demand qualifications of a particular kind suitable 
to the pnvironment. In nature, by a proces'l of evolution, 
types fitted for various enviro'itments and modes of life 
are brought into existence by modification of the original 
stock. This is what is meant by Osborn's term aclaptive 
radiation (Osborn, 1902), and no finer example of the 
working of this great principle could be found than is 
presented by the marsupials of Australia. It is extremely 
probable that the earliest Australian marsupials were 
small arboreal creatures, whose diet was mainly insects 
and other invertebrates. From this stock, by a process 
of branching, have come the large grazing form, such as 
the kangaroos and wallabies, the carnivores, such as the 
thylacine, native cats and marsupial mice, the burrowing 
marsupial mole, the beaver-like wombat, the arboreal 
phalangers, the flying "squirrels" and other types. 

There is another principle which is beautifully illustrated 
by the Australian marsupials and that is the principle of 

B-Ma7 8. 1_ 



COf&lIergMCB, by which 8;1)jmals which ba:ve 110 senetio 
relatiODlhip are yet moulded b:r similar environment aud 
aimDar life habits into a deceptive resemblance to eaQh 
other. This analogical or eonvergent evolution is 
splendidly exemplliied in the case of the Tasmanian Wolf 
(T'h,ylacimu) and the northern wolf. The Tasmanian Wolf 
is a oursorial carnivore with more or less the same food 
and other habits as the northern wolf, and so he hal 
acquired the wolf form and dentition, though, of course, 
there are fundamental differences between the two animals. 
Indeed the northern wolf is more closely related to the 
elephant than he is to the thylacine. So the wombat 
resembles the beaver, and the marsupial mole (Notoryctes) 
is closely analogous to the European mole and especially 
to the Cape Golden Mole (Ckrysookloris). So striking, 
indeed, is the convergence in the case of Notoryote. and 
Ckry.oohloris that so accomplished a comparative anatomist 
aa Cope supposed them to be related genetically (Cope, 
1892). Convergence is the ignis fatuus of comparative 
anatomy, ever luring the student into the quagmire of 
false analogical reasoning. 

Amongst lower vertebrates we have a living fossil in 
the Port Jackson Shark (Heterodont",,), the last survivor 
of a family which was abundantly represented in the 
Mesozoic. The Lung-fish (Neooeratod",,) of the Mary 
and Burnett Rivers, Queensland, is a representative of a 
family of fishes which dates from the Triassic, and the 
order to which it is assigned was at its zenith in the 
Devonian. In our harbour lives a bivalve, Trigonia., which, 
though similar molluscs w~ abundant everywhere in the 
Juraasic and Cretaceous, is now found only in Australian 
waters. The Anaspidacea, a group of peculiar freshwater 
crustacea, found fossil in the Carboniferous and Permian 
of Europe and America, are still represented in AUBtrali& 
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by a few forms living in Tasmania md Victoria. But I 
need not give further instances of the survival in AustralIa 
of forms which were once more widely distrIbuted, as 
indicated by their geological distribution. 

Another interesting fact about the Australian fauna, 
which has been stressed by many authorities, is that It 
shows considerable resemblance to the fauna of South 
America, and, in a less degree, of South Africa and 
Madagascar. For example, South America is the only 
other country in which marsupials are at all abundant. 
The side-necked turtles or Pleurodira, whIch withdraw theIr 
heads under their shells by bending their necks in a 
horIzontal plane, are the only freshwater chelonians found 
in Australia, and they also mhabit South America, AfrIca 
and Madagascar, but not the northern hemisphere. A 
curious, extmct, horned turtle, MeWlont.ia, was first found 
in the Pleistocene of Queensland and of Lord Howe Island, 
later in the Eocene of Patagonia. The Iguanidre are found 
in South America, Madagascar and Fiji. The characteristic 
frogs of Australia find their I[~rest relatives in greatest 
abundance in South America. The same affinity is shown 
in the fresh water crayfishes and m several groups of 
insects, as well as in the flora. 

There can be no doubt then, that, in the case both of 
animals and plants, southern lands possess certain 
terrestrial and freshwater types in common, which are 
not found in the north, or are poorly represented there. 
How is this to be explained in view of the wide and deep 
ocean spaces now separating the southern continents' 
This subject has been debatable ground for many years, 
and in entering upon it I may be accused of rushing in 
where angels fear to tread, but it is J\8CesBary to review 
the question in a very brief manner. 



• 
We have two opposed schools, one represented by nca 

autAorities 86 Hooker, Huxley, Forbes, Hedley, Bald1riD. 
Spenaer, Dollo, Ortmann, Osborn, Harrison, who maiDtain 
that in the geologic past there was a land bridge in 
some form or other connecting South America with 
Australia, probably by way of the Antarctic continent, 
which then extended further north and united South 
America, South Africa, Australia, and New Zealand. By 
means of this land bridge animals and plants wen able 
to pass from one side to the other. There are various 
forms of this hypothesis, and its supporters are not 
lU!8.l!lmous 88 to its position, its extent, or the time when 
it existed, but the usually accepted view is that advocated 
by our fellow member, Mr. Charles Hedley, who believes 
that in the Mesozoic or older Tertiary the Antarctic 
continent had a mild climate, and extended northwards in 
narrow strIps so 88 to JOIn Australia, South America, and 
possibly South AfrIca, and that this continent was 
unstable, at one time dissolVIng Into an archipelago, at 
another resolving itself into a continent. 

The other school, some of the leaders of which are 
Wallace, Lydeldter, Wortman, Haseman, Matthew, Andrews, 
Loomis, Noble, and Longman, believe, on the contrary, 
that the resemblances between the life forms of South 
America and of Australia are better explained by re­
garding them as the surVIvors in southern lands of forms 
which orIgmated lD the north or in the tropICs, and haV& 

been pretllled southwards by higher forms, until they found 
a safe ref'dge In the •• dead ends" of the southern con­
tments. There they have pursued a more or less parallel 
eourse, while preservmg certain common characteristics 
inherited from theIr northern ancestors. 

It will be observed that there is a brilliant array of 
counsel on both side<;&, and one would conclude that certain 
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.erueial facts must be lacking. To decide this knotty but 
<exceedingly interesting and important question one needs 
to have a due appreciation of the evidence derived from 
many diiferent sources; physics, geology, geodesy, 
,geography (ancient and modern), zoology, botany, 
pabeontology, must all be laid under contribution, but 
most of all, an open mind is necessary, and that, perhaps, 
is the rarest qualification of all. Man is fond of paradox, 
and it may be that the southern school is inclined to 
emphasise certain striking cases of afHnity shown by the 
animals and plants of South America and Australia, which 
are now so widely separated that WI' would not expect to 
:find much community, while slurring over the differences 
between the faunas of the two regions, and giving too 
little weight to the undoubted resemblances between those 
-of Asia and Australia. On the other hand, where it is 
llecessacy to their argument, the northern school are prone 
to assume the former existence of certain groups wh8'l"e 
there is no good evidence for this belief. And one must 
he careful to keep the time factor always in view, for the 
animals and plants concerned are not all of the same 
~ >ological age; the ancestors of N eoceratoduB, for example, 
if they reached Australia by land, possibly used a bridge 
which was destroyed before the marsupials could avail 
themselves of it. 

It is usually impossible to determine the place of origin 
and the migratIon routes of a race of animals from the 
present distribution of its members. This is no doubt 
a truism, but its incidence is sometimes overlooked, perhaps 
unconsciously. It has been argued by Baldwin Spencer 
(1896, pp. 178-179) and Hedley (1911.1912, p. 84) that 
the relatively greater proportion of marsupial types in 
'IIOuthern Australia, and p~rticularly in Tasmania, indicates 
:a southern origin. Longman, on the other hand, combats 



this view, and, from the wealth of dive1'8e marsupial 
genera in northern Australia and New Guinea, he would 
deduce that the marsupials entered from the north (1924, 
pp. 2-4). These arguments have little value. The main 
radiation of marsupials, beyond doubt, oeourred on th& 
Australian mainland, and these now found in Tasmania 
and the islands to the north are derived from mainland 
forms. The Tasmanian Wolf and Tasmanian Devil, now 
confined to Tasmania, formerly lived on the Australian 
mainland as well, and it seems very probable that they 
were exterminated there by the :fierce competition of the­
dingo, which, on his arrival, found his way to Tasmania 
barred by Bass Strait. Indeed, Tasmania, in a very minor 
degree, bears the same relation to Australia as Australia 
to the rest of the world, or as Madagascar to the African 
mainland; it is a sanctuary. 

There is no more important clue to the origin and 
migration of races than that afforded by palmontology. 
When the geological record is fairly oomplete we can 
write the history of a race with some con:fidence, but the­
record IS very seldom even reasonably complete, and 
negative evidence is of little value. We can explain 
perfectly why the tapirs are found to-day in southern 
America and the East Indies, for their bones are scattered 
along the trail across the northern hemisphere, and many 
similar cases of discontinuous distribution can be explained 
in the same manner. The presence of the three surviving­
Lung-fishes, • LepidorirM in South America, Protoptef'UB in 
Central Africa, .N~ooerafod'U8 in Queensland, is no proof 
that these c~ts were formerly connected towards 
the south, fot'",Dipnoi as mentioned above are a very 
ancient troup.' and were once widely distributed in the 
north .. well Is in tAte south. So the present distribution 
of the Araucari~~often cited in support of the AntarctiC' 
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land bridge, is valueless, and the same is the case with the 
19uanide. What is regarded as the oldest struthious bird, 
a group now conftned mainly to the southern hemisphere, 
aomes from the Pliooene of India; moreover, the Struthion81 
are not a natural aroup, and the ditferent members have 
probably evolved independently in the various regions 
where they are now found. 

It is unsafe to generalise on the recent distribution of 
fre&h.water animals, for it is known that these are often 
descended from ancestors with a marine habitat. Thus 
the little eel.gudgeon, Gal~'I48, found in Australia, New 
Zealand, South America and South Africa, was once one of 
the minor prQPS of the Antarctic bridge, but some species 
enter the bea freely, and Its value as evidence for former 
land connectlOns is very slight. So with the Phreatoicidle, 
a group of crustaceans whose atBnities are still uncertain, 
but whIch are represented In AustralIa, New Zealand, and 
South AfrIca; accordIng to Nicholls (1928.4, p. 103), 
they are probably descended from marine ancestors. The 
southern crayfishes, Parastacidre, may also be descended 
from tropical marine forms, which have Slllce become 
extInct (Geoffrey Smith, 1909, p. 214). So Meiolania was 
in all probability able to cross the ocean and needed no 
continuous land bridge (Anderson, 1925, p. 241). If, as 
Tate Regan says (1909, p. 779, f.n.), the freshwater :fishes 
of AustralIa, with the exception of the archaic types 
Oeratodu8 and Scleropages, all belong to marine families, 
genera, or species, then they give no assistance in the 
study of the former distribution of land and water. 

Probably the mammals atford the best evidence of former 
land connections. Few mammals are able to swim across 
an ocean stretch exceeding twenty miles, and, though SODle 
may be unwilbng passengers on floatiYlg lop or natural 
rafts, such cases are, and no doubt have always been 



f8,re. Yet we must not overlook the polIIibilitJ' .. 
distribution across straits or narrow lIeU by this JDetbo4, 
especially in the case of small arboreal animals. It is 
generally supposed that the Australian Muridm gaiDed 
admission in this manner, and it is even possible, as BeDiley 
suggests (1901, p. 262), that the marsupials c~ in by 
the same means. My colleague, Mr. A. R. McCulloch, 
informs me that, when he and Captain Hurley were on 
the Fly River estuary, New Guinea. Boating islands of 
vegetation were frequently seen, and he estimated that 
some of these islands would easily travel over :fifty or more 
miles of ~ea. But, generally speaking, if we find members 
of the same order or family of mammals on land areas 
now separated by ocean, we may fairly assume that these 
lands were once connected. 

It is therefore important to consider the affinities and 
previous history of the Australian marsupials. Huxley 
suggested that the stem form of all existing mar­
supials is to be found in the American opossums, 
the Didelphiidm, and this view is now generally 
aocepted. Now the Didelphiidm have a very long 
history. In the upper Cretaceous, Belly River, Alberta, 
was found a primitive opossum, Eodelphis browM, 
which is the oldest undoubted marsupial. It is described 
by Matthew (1916) as related to the family Cimolestide, 
which cannot at present be separated from the DidelphiidlB 
by any distinction of family rank. It is a striking fact 
that the hving Didelphiidm have descended with but little 
change from Cretaceous ancestors, for it proves that the 
roots of the marl>upial stock are to be sought still further 
back, and it al~o testifie~ to the conservatism. of the order. 
The Didelphiidlll are rt'presented in the early Tertiary of 
Europe also, and they were apparently fairly wide spread 
in the Eocene and more particularly the Oligocene of 
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lllU'Ope and America. The oldest South Ameriean 
lnanupial, P"oteod~lphfl8, is from the upper part of the 
Chubut formation of Patagonia. and is assigned by Osborn 
(1910, p. 515) to the lower Eocene. On present showing 
then, the probabilities are that the marsupials originated 
in the northern hemisphere, but we must not overlook the 
possibility that they may yet be found in the Cretaceous 
of South America. 

Did the marsupials then travel to Australia across the 
Alaskan bridge and through Asia Y Or did they originate 
in Asia and radiate from that centre, reaching Australia 
by the Malayan chain f Or did they enter Australia from 
South America across the Antarctic continent T Weare 
yet some way from being able to answer these questions. 
No marsupial fossils have yet been found in ASIa or in 
the Antarctic, and none in the Mesozoic or earliest Tertiary 
·of Australia, and, whIle these gaps remain, these questions 
('an not be answered satIsfactorily. Asia is still largely 
unexplored so far a'! its paleontology is concerned, but, 
through the researches now being pursued so vigorously 
by the American MU'Ieum of Natural History, we are at 
last beginning to realise what an Important part this 
continent played as the homeland and centre of dIspersion 
·of the faunas of AmerIca and Europe So far the American 
explorers have not descrIbed any fo'iSll marsupials from 
Central ASIa, but, accordlDg to Professor H. F. Osborn, 
Mr. Walter Granger has dIscovered a number of small 
mammalian Jaws, found in small pockets above the 
Protoce"atops zone of DJadochta. So far as examIned, 
these animals are of archaic type, and It is hoped that 
they WIll prove to be the long-sought mammall1! of either 
Upper Cretaceous or Lower Eocene Age (Osborn, 192t). 
'Should marsupials be found in the ,Mesozoic or early 
'Tertiary of Asia, and especially should they prove to be 



aAGettral to Australian forms, the evidence for a nortllera 
point of entry into Australia would be immeue'l7 
*engthened. On the other haud, if marsupiak are­
fouad, not in Asia, but in fOlBiliferous beds in tD 
Antarctic, those who favour a southern oririn would have­
powerful argument. 

One of the strongest arguments, to my mind, in favou.r­
of the Antarctic bridge, is aiforded by the presence in the 
Miocene of Patagonia of the "Sparassodonts" or 
B01"hyaeniWe, cursorial marsupials, some of them as larp 
as, or larger than the Tasmanian thylaeine, and so similar 
to it that they have been placed in the same family, 
Thylaeinidm. Matthew considers that the characters which 
link the spara$sodonts with TkllZaMtIB and distinguiah 
both from the didelphids, have been independently 
acquired in adaptation to a predaceous cursorial life 
(Matthew, 1915, p. 265). Recently, however, Elmer Wood 
(1924) has carefully tabulated the osteological characters of 
didelphids, spara88odonts, ThlllacmvB and dasyurids, and 
1ln.dB that the sparassodontB show preponderating 
thylacinid aftinities. It is not impossible,. of course, that 
parallel evolution may account for the undoubted resem­
blance between the two forms, for it is astonishmg what 
parallel or convergent evolution can do; witness the case of 
Tkoatlurium, one of the Litopterns, an extinct order of 
hoofed mammals, which in its osteology shows a remarkable 
resemblance to the horse, though belonging to a different 
order (Scott, 1913, pp. 499, 652, 654). 

There' are con1licting views as to the time when the 
marsupials first reached Australia, the estimates ranging 
from Jurassic until well into the Tertiary. A late arrival 
of the marlu.' iB,..-,eed chiefly from the fact that 
the Australia . 6 has advanced only a short dis-
tance and pr d .families, not orders (Bensley, 1903,. 
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pp. 206.2(7). But it is conceivable that their evolution 
has proceeded but slowly on account of the stable conditions 
under Which the animals were livinr. Gaudry (1906, pp. 
31:-82) has emphasised the fact that, both in South Amerioa 
and Australia, the march of evolution has been slower than 
in the north, and we have the case of the Didelpbiide, 
which have persisted almost unchanged since Cretaceous 
times. Hence it is possible that marsupials have inhabited 
Australia since the Mesozoic, though we have no positive 
evidence of their presence before the Pliocene, which is 
the probable age of WY'nYGf'dta, the oldest known Aus­
tralian marsupial. The paucity of pre-Pleistocene 
marsupial remains found in Australia is astonishing, and 
there is a strong hope that vigorous prospecting will reveal 
to us the ancestral forms from which our modern types 
and such giants as the extinct Diprotodo'n have been 
derived. W yngardia is now generally rerarded as a 
primitive Diprotodont, and it must have had a long line­
of ancestors somewhere, probably in Australia. 

Assuming that the sparassodonts and TkgltulmUB are 
members of the same family,and that the starting point 
of the family is to be sought either in Australia or in 
South America, it is important to discover, if possible, 
when the trans-Antarctic passage took place. If it was 
during or since the basal Eocene period, we should expect 
to find descendants of some of the peculiar South American 
mammals of that period still extant in Australia, for it is 
not to be supposed that a land bridge which would permit 
the passage either way of a thylacinid would be a barrier 
to the passage of some at least of the edentates and hoofed 
mammals which then existlld in South America in great 
variety. The alternatives suggested by Elmer Wood (1924, 
p. 85) are that "There may have been a discontinuous 
southern connection between South America and Australia 



(\viq the late Cretaeeousor early Tertiary. Or perupa Ute 
DWlUpial adaptive radiation began in HolarctieJ, by the 
Upper Cretaceous. By the Paleocene the Didelpbiidal and, 
perhaps, the Dasyuridlll, Myrmecobidaa, Thylacinidlll, and 
the pre-diprotodonts were already in exiatenee. The compe­
tition of the plact'ntals would then have limited the 
marsupials (except the opos&um) to South America, (with 
opossums, thylacines and pre·diprotodonts) and Australia 
(with myrmecoblds, dasyures, thylacines and pre· 
diprotodonts). " It is doubtful whether we are justified 
in going beyond thi'i statement at the present time, and 
we must wait the discovery of the hypothetical common 
ancestor of the sparassodonts and Tkyl.aciftus before any 
more definite conclusion can be reached as to the place of 
origin and migration route of the Australian marsupials. 

As regards other lines of evidence, mention must be 
made of recent papers by Metcalf (1923) and Harrison 
(1924), in which they stress the present distribution of 
the amphibia as indlcating the former existence of a land 
connection between South America and Australia. They 
have sought to &trengtht'n their argument by pointing to 
the existence of similar opalinid parasites in South 
American and Australian frogs. Noble (1922, pp. 63.74) 
and Dunn (1923) on the contrary think that the distribu. 
tion of the Anura can be explained without as'Il1ming such 
a land connection. Harrison further remforct's his 
contention by appealing to the Temnoct'phaloid para'iites 
of the Parastacidlll, and it may be that there is considerable 
force in .his argument. But, on the otht'r hand, it is 
possible that the occurrt'nce of related parasites on certain 
hosts, indicates merely that the ancestors of the parasites 
infested the ancestors of the hosts. In this connection we 
may qnote Johnston on the trematode parasites of frogs 
{1913, p. 276.2n) . "When the amphibian ancestors of the 
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bop appeared in the world, loD.! before the frogs them­
selves, they became in this way infected with a number 
of forms of trematodes. • . • As the descendants of those 
early amphibians dispersed to the four corners of the 
earth, they took their par&llites with them, and while the 
old amphibians have become altered very considerably, the 
p&1'asites have probably altered only a little, but still have 
altered . • • It is a remarkable fact that of the six species 
of :flukes known to-day as parasites of frogs inhabitiq 
Southern Asia, four of them appear to find their nearest 
relatives in flukes from AustralIan frogs . . • The mutual 
relationships of these groups of trematodes support the 
view that the Anura originated somewhere about the centre 
of the Palmarctic region and migrated both westwards 
and BOuth-eastwards . . . The Australian forms must have 
found their way down here before the separation of the 
Australian continent from South Eastern Asia, a separation 
which is generally supposed to have taken place somewhere 
about Cretaceous or Eocene times." 

• 
Ortmann (1902, pp. 297-303) compares the Tertiary 

mollusca of Patagonia with those of Southern Australia 
and New Zealand, and lists a number of genera from the 
two regions which show close affinity. But Iredale informs 
me that later studies have shown that the resemblances 
are mostly 111usory, and that only a few forms doubtfully 
indicate relationship of Au&tralaslan forms with South 
American. On the other hand he stat~ that there are 
very few Australian land shells which cannot be linked 
with northern forms. 

Birds, on account of their powers of flight, are but poor 
indices to former land connections, but, according to Iredale, 
with very few exceptions Australian birds are closely 
related to those of the northern hemisphere; the exceptions 
are the penguins. albatrosses, petrels, Cape Barren Goose, 



aad the lyre bird, the last having no bown .relatiftl 
an7Where• 

The evidence of plants, like that of the ammaIs, is 
somewhat confticting. There are a number of genera and 
species common to Australia and South America (Rodway, 
1911, Andrews, 1916, pp. 219-220), yet there are striking 
diiferences also between the :Boras of the two countries, and 
many Australian plants have undoubtedly come from the 
north, and, if PkyUocladu, represented to-day by one 
species in Tasmania, one in New Zealand, and one in 
Borneo, is related, as several palteObotanists think, to 
PrrAophyllocZad,uB, from the Cretaceous of Europe and 
North America, it surely must have come from boreal lands. 
Mr. E. C. Andrews has recently (1916) discussed the 
problem from the point of VIew of the fiora, and he strongly 
I11pports the view that there was a land connection between 
Australia and Asia in late Cretaceous, and that this formed 
... bridge by which animals and plants were able to reach 
Australia. Geological and geographical considerations 
favour this view, for a rise of the sea floor between Asia 
and Australia of about 1,000 metres would umte the two 
land masses, except for certain deep, narrow trenches, 
which may not be of great geological age, while an elevation 
of over 2,000 metres would be necessary before Antarctica 
would unite southern continents. 

It will be seen that we have yet much to learn regarding 
Australian biologIcal problems, and it behoves us to be up 
and doing before it is too late. Our marsupials, for 
instanoe, have been preserved to us because of their 
isolation, but now, that prote'ction has been removed. Man. 
and his domestic animals, and others, such as the fox 
and the rabbit, which he has thoughtlessly introduced, 
have made serious inroads on the ranks of our. 
indigenous animals, and some have been already exter-
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ainated, while others are fighting a losing battle. The 
Native Bear (P1tMco14rcfos .,.eUl) has become very rare 
in New South Wales, though it is still fairly plentiful in 
Queensland, and is ra-establishing itself in sanctuaries in 
Victoria. The Rabbit Bandicoot (T1uUacomy, ZagofiB) , once 
plentiful in New South Wales as far east as Bathurst, 
has not been reported in this State for many years. The 
Rare-Wallaby (Lagorche8les Zepo,.oides) of the interior 
of New South Wales, has not been recorded since the 
'eighties and may be extinct. The Banded Anteater 
(Myrmecobiu. 148CiatU') , a very interesting marsupial 
type, is now extinct in South Australia and very rare in 
Western Australia. The Honey-Mouse (TarBipes spemerQJ) 
one of the most specialised marsupials, which is almost 
dependent upon the blossoms from which it derives its 
sustenance, is being steadily driven from its haunts by 
"burning off" and other operations incidental to land 
industries. Some of the indigenous placental mammals, 
too, have already disappeared from localities where once 
they were abundant. The Stick-nest Rat (LeporiZZus 
conditor), once plentiful on the plains of the Lower Murray 
and Lower Darling, is now known only on the barren 
Nullarbor Plain of South Australia. The Tumanian Wolf, 
one of the most important marsupial types, is apparently 
doomed, for it is now rare, and it is difficult to see how 
it can be saved from extinction. 

Several of our birds, too, are either extinct or verging 
on extinction. The Kangaroo Island Emu was common 
when the early voyagers called at the island, but none 
survive to-day. The Flock Pigeon (HittriopMps histri­
oMca), onoe very abundant, is now very rarely seen; and 
the red-shouldered Grass Parrot (N60phemtJ ptdcheUa), 
common around Sydney when the first settlement was 
formed, is now exceedip.gly rare. The Spinifex Parrot 



(.f~ ~Mal"), of Oentrallnd Weatern A .. 
tt.u., bas not been seen for the past twenty years; and 
the Ooaah Whip birQ of Western A1l8tralia (PIOP1uJde 
tHgf'tlgtllaril), is extinct, though the eastern species it stiU 
common. 

This list might be greatly extended, but it suftlces to. 
show the necessity for protective measures such as the 
setting aside of reserves and sanctuaries in various typ. 
of country, where our indigenous animals may ha'Ye an 
opportunity to live and rear their offspring undisturbed 
as far as possible. 

It is probable that no amount of protection will save 
certain of our marsupials from extinction in the near 
future, and it 1S very desirable that all possible data. 
concerning them should be secured as soon as possible. 
Collections adequate for record should be secured before­
it is too late, otherwise it may happen that a species will 
pass away and be represented m our national collections 
only by a few skiDS and skulls, or perhaps by none at 
all. Professor Wood Jones (1924), who IS doing IUCh. 
splendid work on the mammals of South Australia, 
mentions, for example, that a rat kangaroo, which once 
swarmed on St. FranCIS Island, Nuyts' Archipelago, was 
recently exterminated by cats mtroduced for that purpose. 
No specimen is preserved, and it is now impossible t& 
determme to what specles it belonged. 

We must also undertake systematic exploration of our 
Mesozoic an~ early Tertiary rocks, in order to discover, 
if possible, when the marsupials first reached Australia, 
and what the earliest ,tol'.gl' were like. If, as generally 
supposed, they have been here since Cretaceous or .1, 
Eooene times, there must be many ancestral types embedded 
:ia{ the rocluJ, ilid tileir d~very would undoubtedly throw 
a atrong liaht into many comers which are now dark. 
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I have to express my gratitude to :my colleague., )lei81's. 

.A. B. McCulloch, E. Ie G. Troughton, and Tom Iredale. 
of the Australian Museum Sta«, for much cordial assist­
anee in preparing this addreu, and to Mr. R. H. Cambage 
tor some of the facts embodied in the obituary notices. 
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'-'BE ESSENTIAL OIL OF BORONIA CITRIODORA 
AND THE OCOURRENCE OF CITRONELLOL. 

By .A. B. PENFOLD, F . .A.C.I., F.C.S. 
Eronomic Chemist, Technological Mukflm. Sydney. 

,(Read be/ure the Royal Socill)' 0/ Nt'W South Wales, 'ff"" 3, 1925.) 

The botany of this extremely interesting and valuable 
Rutaceous shrub is rt'ferred to in Bentham's "Flora 
Australiensis," Volume 1, page 319, under B. piflnata var. 
citriodora, but it is undoubtedly distinct from any other 
species of Boronia at present known.· It is a typically 
.alpine plant endemic in Tasmania, growing in elevated 
and remote locations, being especially plentiful in the 
neighbourhood of Cradle Mountain. Mr. Thomas Nt'wman, 
o()f Moina, Tasmania, to whom we are indeb~d for the 
-excellE'nt supplies of material collected, has kindly 
furnished in correFlpondence much interesting information 
respecting the climate of the district where the plant is 
so plentiful, and the following extracts have been taken 
therefrom :-

"This plant belongs to the snow regions where it 
thrives. Any quantity c€n be obtained if the right 
time of the year is selected; that iR, abolll ChriRtmas 
time, and not later than the Easter holidays. Collec­
tion is rendered difficult, as precipitation occurs nearly 
all day. Even as late as November (year 1922), the 
country is dripping wet with incessant rain, snow 
and fog, and further difficulty is experienced on 
account of the swollen river. Rain falls on an avt'rage 
about 180 days per year." 

'The plant is known vernacularly as "Lemon-scented 
Boronia, " which is rather peculiar in view of the fact 
that the principal constituent possesses a sweet rose odour; 
neither citral nor citronellal was detected in the compara­
tively smaIl quantities of oU examined. 

• The Naults of a botaDical inveatiptiQll of thl •• hrub br Mr. 
E. Cheel will probably form the .u'6jeet of • paper shortly to 
be read before thi. SOciety. 
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The leaves, on crushing between the fingers, emit a tne­
rose-like odour resembliBg citronellol. although the 1lnt 
impression is one of lemons, and a careful examination 
of its essential oil confirmed the presence of this alcohol 
to the extent of 80 %. It is, therefore, one of the richest 
citronellol-bearing oils which have as yet been described. 
Two collections of material, totalling 166ilbs., cut as for 
commercial purposes, were made from the same loeality 
at Moina, Tasmania, by Mr. Thomas Newman. 

The yields of oil from the consignments have been calcu­
lated on the weight of material as received, as at time of 
collection the leaves were heavily laden with surplus 
moisture. The author is engaged upon an investigation 
of several Tasmanian essentIal oils, but is experiencing 
considerable difficulty In their examination, as during the 
summer month& decomposition takes place owing to the 
leaves haVIng to be transported long distances on pack­
horse, which is apart from transit to a shipping port and 
subsequent carriage to Sydney. 

The average yiE'ld of oil from this Boronia IS con­
sidered to be from 0.71 % to 0.93%, the lower yield being 
due to distillation In a large still. In common with the 
experience of others, it has been found that oils rich in 
alcohols, like citronellol or geraniol, are be&t distilled in 
small stills. The crude 011, when first obtained, is of a 
pale green colour, but in the course of about twelve hours 
it changE'S t!> a reddish-brown. On rectification by steam 
distillation an almost colourless oil is obtained. 

The principal constituents that have so far been iden­
tified are citronellol (total, 80%), citronellol esters, 
principally the acetate, with some valerianate, d.a-pinene, 
.!¥'squiterpene, a paraftin. (M.Pt. 64·65° C.), together with _all quantities of a phenolic body and free capric acid. 



lIJoonomic tJalue.-The citronellol isolated. from the oil 
possessed the fine natural rose odour typical of this 
.alcohol, that is, when judged by the olfactory organs, and 
not on chemical analysis alone. Neither citral, citronellal 
nor geraniol could be detected. The crude oil of this 
Boronia, one of the richest sources of citronellol which 
.has yet been observed, should prove to be of considerable 
commercial value. Moreover, in view of the high yield, 
it should pay to extend the available areas of the plant 
by CUltivating it, especially in and around its native 
habitat at Cradle Mountain, Tasmania. If its cultIvation 
be not attempted there, it h. not unlikely that it would do 
espE'cially well in the more common alpine regions of 
Europe, particularly as the yield of oil is so much higher 
than any other natural <JOurce of citront'llol. 

Bs:perimental. 

The 166~lbs. weight of leaves and terminal branchlets 
collected at Moina, Tasmania, yielded, on distillation with 
steam, crude oils possessing the following chemical and 
physical characters:-

WelBhtol ~eoIfto Opt.O&I Re'ractive nate LeAvel YIeld o. 011 .avl" 
(al re08lved tiD O. 

RotatIon Index at IlO"C 

-- -

19/4/1923 74~ •. 
(110 .at 

tIme of 

0·93 % 0'8814 + 3'8· 1'4611 

COllectlOD) 
19/12/1923 92 lb •• 0'71 % 08822 + 2'So 1'4608 

(IlIO lb.) ---
Rolubillt, In Blte,No. It .terNo. Peroen~ 

70% Alcohol hOUN, bot ... p. a.tenoetylt.tto n Cl:U1r..0 by Bema,n rm, 'Ion 

1 in 1 vol. 42'10 289'4.6 SO'8S % P)qt jast flniIhecl 
(ACId No.4) ftoweriDr' cUatillecl 

in IIIIAl atill. -
1 in 1 vol. 69'S8 24:1'24 S2'SI' % Plant in bud di .. 

(Aoic! No.5) , tilled ID large atill 
---



On distillation at 10 mm., the crude on. yielded 5~ 
boiling below 92° C., 65% between 97-110° 0., 26% at: 
llO-1l6Q C., with 5% high boiling residue. 

Pkenol and Free Acid.-The crude oil was washed wit1t 
8% caustic soda solution, when about one per cent. of a. 
mixture of phenolic and acid bodies was removed. 
Upon liberation with dilute sulphuric acid, they were 
taken up in ether. This ethereal solution was shaken with 
sodium bicarbonate solution to remove free acids, and the 
phenol was obtained by removal of the solvent. The 
sodium bicarbonate solution was treated with dilute­
sulphuric acid and the liberated acid blown off with steam~ 
The free acid thus obtained was neutralised with ammonia 
solution and the silvt'r salt was prepared; 0.2528 gram 
gave on ignition 0.0990 gram of silver -=== 39.16%. The 
silver salt of caprIc acid (ClOHlo02Ag) contains 38.9% of 
silver. 

The pht'nol possessed a mixed odour of eugenol and' 
leptospermol, but could not be definitely identified. Its 
alcohohc solution gave a dirty-brown colouration with 
ferric chloride. 

Determination of the Ester.-The crude oil, after 
removal of free acid and phenol, was heated with alcoholic 
potash solution on the water bath for two hours in order 
to dt'compose the ester present, which from preliminary 
experiments had been found to be one of citronellol. The 
potassium .salts were separated, decomposed with dilute 
sulphuric acid, and steam distilled. The volatile acids 
thus obtained gavt', on neutralisation with ammonia 
solution, all the reactions for acetic acid. A small quan­
tity of valerie acid appeared to be present, judging from 
the d&f.kening of the silver salts and from the positive­
qualitative reactions obtained for this aeid in the ftrst 
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lot of oil distilled. Silver salts were prepared from the 
two consignments, and gave the following results on 
igniaon:-

First Lot.-O.2030 gram of silver salt gave 0.1146 
cram of silver .... 56.4%. 

As the ammonium salt gave the qualitative reaetions 
for isovaleric acid, it is probably a mixture of that acid 
with acetic. 

Second Lot.-(a) 0.3100 gram of silver salt gave 
0.1970 gram of silver = 63.55%. (b) 0.7408 gram of 
silver salt gave 0.4716 gram of silvt'r .... 63.66%. 

The silver salt of acetic acid contains 64.67% of silver. 

Determination of Alcokol.-The crude oil, when freed 
from free acid, phenol and ester, was heated with equal 
weights of phthalic anhydride and benzene on the water 
bath for two hours. The melt was dissolved in dilute 
caustic soda solution and repeatedly extracted witn ether. 
The aqueous solution, after expUlsion of dissolved ether, 
was treatt'd with dilute sulphuric acid and the crude 
phthalic acid ester was separated. This latter was then 
decomposed by treatment with alcoholic pota&h solution, 
and the liberated citronellol was blown off with steam. 
The alcohol, after distillation, was obtained as a colourless 
liquid with a fine rose odour, and was found to possess 
the following constants:-

Boiling point at 10 mm., 110-112° C. 
Specific gravity, 15/15° C., 0.8612. 
Optical rotation, +3.9 0. 

Refractive index, 20° C., 1.4572. 
The silver salt of the phthalic-acid ester was prepared, 
and on re-crystallisation from methyl alcohol, it melted 
sharply at 126° C. 

0.3016 gram gave on ignition 0.0790 gram of silver • 
• -= 26.19% 

CloH180.CO.CoH,COOAg contains =- 26.27% of silver. 
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The alcohol haa, therefore, been definitely shown te be 
-eitlODelloL 

Non-Alcoh.olic Bod'J68.-The ethereal washings from the 
phthahe-acid ester were taken, the solvent removed, and 
tht' oll. thus separated was subJected to distillation at '166 
mm. wIth the folloWIng results.-

100 c.c. crude 011 origmally taken:-

1 :56_180° U. 
180-220° C. 
200-220° (' 
220-260° C. 

2 c c 
a c c 
2 cc 

10 c c. 

Sp. gr. OptIcal 
15/15' C. rotatIon. 

RefractIVe 
mdex, 15.5·C. 

0870 +21:5 
+14.0 
+ 40 
+ 1.4 . 

1.474' 
14751 
1480e 
1.4900 

Identtpc.atlon of till-PUll nl -The fir .. t fractIon readIly 
YIelded a mtloo"ochlorlde whIch on purIfication melted wIth 
decomposItIon at 109° (' The second fraction ale.o Yielded 
a SImIlar derIvative. 

DeterminatIOn of Se~qltlt(l pM'If -The last two fractions 
were found to con"l",t of uncombIned cltronellol and 8 

sesqulterpene, but .. uffielent materIal wab not a"allable for 
the defimte Idenhfieabon of the latter It "d'l, however, 
recogDlbed by the beantI~ul colour reactIOns, "lth bromme 
m acetIc dCId and "lth .. ulphurlC aCId m acchc anhydrIde 
solUtions, 110 characterlstIc of sebqUlterpenee. 

Determ."natwn of Paraffm.-From the re!oldue left In 
the flae,k after removal of fractIOn 220-260° C., a !oaturated 
paraffin "a... Illolated of meltmg pomt 64-65 ° C. 

In conc!U.,lOn I have to expre .. s my thanke. to Mr. E. 
Cheel, Curator of the NatIOnal HerbarIum. Sydney, who 
first brought the matter of thIS mvestlgatlon under notice, 
to Mr. L. C. Webster, 01 Sydney, who at a much later 
date also urged the necesl>lty for ItS lDvestigatIOn, and to 
.Mr. F. R. Morrison, A.A.C.I., A.S.T.C .• Assistant EconomIC 
Chemist, for aeslstance m carrymg out the same. 
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A. THIRD OONTRIBUTION ON THE' HOMOLOGIES 
OF THE PARASPHENOID, EOTOPTERYGOID 
AND PTERYGOID BONES AND OF THE META­
PTERYGOID. 

By H. LEIGHTON KEsTEVEN, D.Se., M.D., Oh.1l. 

-(Read before the Royal Society of New South Walts, July 1, 1'25.) 
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I. Del ..... 
To prevent ambiguity or the constant use of alternative 

desipatioD8 and because several of the Itructurea, "helle 
homologies call for discussion in the following papa, haft 
received more than one name, it were wen to adopt terms. 
which may be used throughout the discussion and define 
the structures referred to by those terms. Be it understood 
that unless otherwise stated cartilaginous structures alone 
are here referred to. Figures 1, 2, and S are schematic 
drawings of a composite or complete "subocular arch," 
or palato-pterygo-quadrate eartilage. As far as possible 
the former term will alone be used. 

--, 
""''''_ 

Fieures 1, 2 and 3.--Schematic drawings of a complete sub­
oealar arch (original). 

Thi'!l arch is composed of an anterior" palato-pterygoid" 
process in front, and medIan "quadrate" portion, fonowed 
by a "metapterygoid" process. This last is attached to 
the skull by an anterior "parabasal process" and a 
posterior "otic process." 

In figure 2, the metapterygoid process and quadrate will 
be reeogni&ed as the shaft and articular head of the 
8uspenbornim (W. K. Parker, et auct.) whilst the para­
basal proce<;'!l is the "Pedicle" of W. K. Parker, the 
"aacendmg process" of Winslow and the author, and it will 
be shown below that it is also the pterygoid process, of 
authors generally, in the reptiles and the orbital process of 
the quadrate in birds. The palato-pterygoid process has also 
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ben teJ'llled the pterygoid process, the palatine process, 
aad the pars-palatina. The epipterygoid process has also 
been termed the columella (cranii) process. 

I. Ar ...... t fD BrIef. 
i. The subocular arch in the cyclostomes is the most 

primitive form of the arch, and in it we may recognise 
palato.pterygoid, quadrate, metapterygoid and para basal 
processes. 

ii. In the elasmobranchs palato-pterygoid and quadrate 
alone are present. 

iii. In the telcosts palato-pterygoid, quadrate, and 
metapterygoid portions are present. 

iv. In the completed amphibian subocular arch we 
recognise palato-pterygoid, quadrate, metapterygoid, para. 
basal and otic processes. 

'V. There is a marked and very real similarity of plan in 
the subocular arches of the cyclostomes, teleosts and 
amphibia, which may be regarded as the typical ichthyopsi­
dan subocular arch. 

(a) In the amphibian stage the articulation for the 
lower jaw has been thrust far back and the meta­
pterygoid process has been moved through an 
arc of a circle about its attachment to the parotic 
region of the skull as a centre. 

(b) In the development of the amphibian subocular 
arch we can recognise cyclostome, teleost, and 
amphibian stages. 

vi: In the reptiles we can recognise quadrate, meta­
pterygoid much shortened, parabasal process well developed, 
otic process and epipterygoid. 

(a) There is no valid reason to doubt that the well 
developed parabasal process is homologous with 
the structure similarly named in the ichthyopsidan 
subocular arch. 
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vii. In the birds the identity of the parabual pr00et8 
with the orbital process of the quadrate is beyond questiOD. 

viii. In the Mammalia the quadrate is represented h7 
one or other of the bones in the middle ear, and no process 
Us heretofore been recognised as possibly representing 
the parabasal. 

<a> W. K. Parker recognised in part the homolol1 
of thl.' paraba'lal process ip Crocodilu8, but failed 
to realise tht' importanl'e thereof. 

4. The metapterygoid of the teleost!!, the pterygoid ef 
the frogs and the e<>topterygoid of the reptIles are homo­
logous bones. 

<a> Tht' metapterygoid is the only one of the three 
teit'ostean pterygoid bones developed in a ...... OCl&­

tion with tht' metapterygoid proces!.. 

(b) The amphibian pterygoid develops more con­
&tantly in close relation to the metapteryKoid 
cartilage than to any other portion of the sub­
ocular arch. 

(c) The amphibIan pterygoId is at times in its early 
development divorced from any precursory 
cartilaginous structure. 

(d) The primItlve SItuatIOn of the ectopterygoid of 
Crocodilus In embryos shows it to have developed 
in tolerably close asso(.'iation with the metaptery­
gOld cartilagt'. 

(e) The ectopterygoids of Ichthyophis and certain 
tabyrinthodonts appear to present the staKes ill 
phylogenetic development whereby they have come 
to occupy the position typical of lacertiliana and 
ophidians. 

(f) In the young Lacerta the ectopterygoid occupies 
just the position of the anterior evanescent portion 
of the pterygoid of Amblystoma. 
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5. The pterygoid bones of the reptiles, birds and 
mammals are homologous structures. 

i. (a) The echidna-pterygoid is not the homologue or 
the reptilian, but has been shown to be a true 
mammalian alisphenoid, though only the tympanic 
wing thereof is developed. 

(b) Broom has shown that the parasphenoid of the 
reptiles is represented by the mammalian vomer, 
and its orgin from three centres does not discredit 
Broom's comparison. 

(c) It is &ignificant, however, that the two posterior 
centres of ossification in the reptilian vomer 
appear, in point of time, with the centres of 
ossificatIOn for the basisphenoid and rapidly fuse 
with them. 

(d) SInce in the earliest reptiles and labyrinthodonts 
the pterygoids are situated close to the mid-line 
much as In the chelonian., that condition must 
be regarded as primitive and Gaupp is wrong 
when he contends that the median position is 
secondary. 

(e) He is in error also when he states thl:l.L the non­
mammalian pterygoid has relatIOns only with the 
pars-palatina of the palato-pterygoid, in so far 
as he applies that statement to birds and reptiles. 
In these forms the relation is to the parabasal 
process,-not to the palato-pterygoid portion of the 
subocular arch. 

(f) The relation of the vidian canal to the mammalian, 
avian and reptilian pterygoids is, in all important 
details, the same. 

(g) The relation of this canal to the mammalian vomer 
and reptilian parasphenoid is also morphologically 
identical. 
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ii. (.) Beyond reasonable doubt reptiliaD. and .'fIu. 
pterygoids are homolOJOUl bonea. 

(b) The avian pterySOid is de'feloped quite iDde­
pendently 'Of any cartilaginous precursor. 

(c) The ablence of a cartilaginous precursor to the 
mammalian pterygoid does not per .e contraindi­
cate the homology of that bone with the reptilian 
pterygoid. 

( d) In certain cases the reptilian pterygoid is deve­
loped independently of the parabasal or any other 
process of the subocular arch. 

< e) In a few cases an isolated cartilaginous precursor 
to the mammalian pterygoid has been observed. 

(f) In several eases the portion of the parabasal pro­
cess In association WIth which the reptilian ptery­
goid is developed is detached from the hinder 
portion. 

ill.(a) Transverse sections taken through the basiptery­
goid process or its neighbourhood show that all 
the important morphological relationships of the 
pterygoid bones in reptiles, birds and mammals 
are so nearly similar as to convince that the bones 
are homolgous. 

6. The pterygoids of Sauropsida and MammalIa and the 
parasphenoids of the Ichthyopsida are homologous bones. 

i.(a) Watson IS surely in error when he contends that 
the rana-branchiosaurus type of palate is not the 
most primitive amphibian palate. It is certainly the 
type of palate which most nearly approxunates to 
the teleostean. 

(b) The presence of a parasphenoid "vomer II of 
varying SIZe in croeodilee and chelonians does not 
invalidate the thesis here defended. 



(0) Certain1y, were the chelonian conjoint prevomer a 
true vomer, alJ I believed when last I wrote on 
the subject, the presence of a second true vomer 
below the rostrum basisphenoidei would cause one 
to reconsider the possibilities of their interpreta­
tion. As Watson points out thi" is not so; I was 
in error and the chelonian vomer is conjoined 
prevomers. 

(d) Though 1 was dependent on Embleton and 
Athey's erroneoUl. description 1 was not 
materially misled in my interpretation of the 
Loxomma palate. To me it was a palate with 
broad expanded pterygoids meeting and possibly 
confluent in the midline, and also provided with 
so--called ectopterygoids extending between the 
pterygoid!!. and maxillo-jugal border. 

(e) The presence of a parasphenoid overlooked by 
Embleton and Athey, and recently described by 
Watson, introduces a true vomer into this labyrin­
thodont palate and in~ases the resemblance to 
the reptiles. 

(I) Watson's comparison of Loxomma and osteolepld 
fish is peculiar. The palate of Polypterus resembles 
both generally and in all essential details the 
typical teleostean palate, and in all these the 
parasphenoid is large and possesses a well deve­
loped crus transversum. 

(g) The relation of the bones around the naso­
pharyngeal canals in Metrior1t.y-nckw brackyr­
hvnckw as described by Leeds and Andrews 80 

accurately reproduces the division of the croco­
dilian conjoint pterygoid into three portions as 
postulated by myself, that though I would fain 
lay claim to sucb clalrvoyance'l prefer to doubt 
the interpretation given to the ., many fragments" 
in which the structure ., was excavated." 
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(h) If, however, that interpretation is correot then 
there can surely be no dou.bt that the conjoint 
pterygoid of Crocodilus represents three centr. 
01 ossification. 

(i) The presence of ectopterygoids in the labyrintho­
dont palate does not vitiate my argument, bllt 
transfers to an earlier stage of the evolu.tion of the 
palate those changes whereby the ichthyan meta­
pterygoid came to have the anterior situation. 

(j) To assume that the pterygoids of Bana and 
Loxomma are homologous structures and that the 
lateral situation in Bans is secondarily derived 
from the median situation in Loxomma, is to make 
an assumption entirely at variance with the facts 
of dpvelopmE'nt, and of evolution as evidenced in 
the varions fltages of ontogeny of the cyclostomes, 
fishes and amphibians. 

(k) Such an hypothesis may be supported by the cita­
tion of a complete seriE's of fosc;;il palates inter­
medlate between the two extremes. 

(1) Such a series may, however, with equal justifica­
tion be studied from z to a in place of from a to 
z as arranged by the advocate of the hypothesis. 

ii.(a) There is nothmg mherently objectionable in a 
theory which postulates the replacement of an 
azygous element by paired elements and maintains 
that the replacing elements are entirely homolo­
gous with the median element which they replace. 

iii.{a} A careful study of the course and morphological 
relationship of the ramus palatinus nervi facialia 
and arteria carotis interna, with its terminal 
branches, cerebral and palatine arteries, to the 
ichthyopsidan parasphenoid and reptUi8ill and 
mammalian pterygoida, indicates that there is 
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DOthin, in these relationships to contraindicate 
that the bones are homoiogoUi. 

(b) Gaupp i. in error when he states that the intel'Da1 
carotid artery alone traverses the parabasal canal 
in chelonians. 

(e) Demonstrably in several cases and probably in all 
reptiles the cerebral artery ente;rs the cranial 
eavity through a short bony eanal (the canalis 
arteriae cerebralls) unaccompanied by any nerve. 
Up to the branching of the canal the internal 
carotid artery and .,alatIne ramus of the facial 
nerve run side by 8lde in the parabasal eanal; in 
front of the branching the nerve 18 accompanied 
In the canal by the palatme terminal branch of 
the internal carotId artery. 

(d) In Its posterior part the parabasal canal undoubt­
edly tunnels the substance of the parasphenoid 
bone. 

7. The occasional a880clatIon of the reptihan pterygoid 
with the parabasal process is a secondary, acqUlred, relation. 

Figure 4 -Chondrocranium of young Petromyzon (from 
Gaupp, 1906). 

Figure 5 -Chondrocranium of young Bufo (from W. K. 
Parker, 1876). 

3. The Evolution of the Subocular Arch. 
I. SllHeaIar Anb I. the CJ'cleetom .. 

As IllustratIng the subocular arch 1D the cyclostome, t4at 
of Petromyzon IS selected. Thl:. selection 18 made because 
It is deemed underuable that the early configuratIon of the 

D-J11IJ 1. 1_ 
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IUboouJar arch in Rana and the Batraehia generall1 owes 
its similarity to that of PetromYlOn to community of 
oririn. This being so, the subocular arch of the young 
Petromyzon pretty clearly presents a more primitive and 
less specialised condition than that of Bdell08tom&. 

My drawing is from Gaupp (1906) after Parker (1883) 
(Fig. 4). For purposes of comparison I have reproduced 
a drawing (Fig. 5), of the early chondrocranium of Bufo 
vulgri, W. K. Parker (1876). 

With these drawings before one, and one's knowledge 
of the subsequent history of the structures in the teleosts 
and amphibia refreshed, it is impossible to question the 
identification of thIS subocular arch as the palato-pterygo­
quadrate of those other forms. 

From Bufo we learn to identify the most anterior portion 
as the quadrate; the transverse bar in front as the palato­
pterygoid; the longitudinal para-orbital rod behind the 
quadrate 88 the meta pterygoid process, and the posterior 
transverse portion as the parabasal process or pedicle of 
W. K. Parker (1871). These identifications have been made 
wlth complete confidence in their verity, after having 
compared the development of the subocular arch of Bufo 
and Rana with that of the teleostean subocular arch. 

In parenthesIs It may be stated that the so-called postero­
lateral cartilage of Petromyzon (not figured) is indubitably 
homologised correctly when compared With Meckel's 
cartHage. • 

Certain morphological features in this arch call for 
special emphasis:-

1. The palato-pterygoid portion is pre- and subocular. 
2. It is separated from the metapterygoid process by the 

quadrate. 
3. The metapterygoid process is not directly attached to 

the cranium. 
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4. The parabasal proceas is well developed . 

.5. The parabasal process gains attachment to the basis 
cranii just at the level of the posterior limit of the 
fenestra hypophyses. 

6. The parabasal process lies below and in front of the 
foramen prooticum and is doubtless crossed 
superiorly by the first and second branches of the 
fifth nerve and the palatine branch of the seventh. 

1. It lies diagonally below the antero-ventrallimit of the 
auditory capsule. 

8. In the last three features its relations are precisely 
those of amphibian parabasal process. 

II. The 8a'beealar Arch in the BI_obrancla .. 

There can be no doubt that a specialised condition of 
the subocular arch is presented by the structures in tht' 
generality of sharks and rays (Fig. 6). We have here a 

OHA 

Figure 6.-Skull of Carcharhinus (original). 

hyomandibular cartilage attached medially to the parotIc 
region of the skull and dIstally bearing the palato-quadrate 
in front. Meckel's cartilage behind and below, and also 
behind this the ceratohyal. Though it be undoubted this is a 
specialised condition It were well to establish that fact by 
taking note of the modifications presented within the 
Elasmobranchii before passing to the Teleostomi and hirher 
lohthyopsida. Among the modifications particularly note· 
1W0rthy and pertinent to the present discussion is that 
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which leada to tile auapensiOD of tile lower j .. fI'OIl the­
hiDdeJ.: eJld of the palato-quadrate. This m.q be iIlter­
preted as indicatiDg that as the more primitive coDditiOlt 
the quadrate is properly a eoDStitumt of the preoral areh 
and not, as might be adduced from the development of 
Sa1m.o, of the postoral arch. This deduction is verifled by­
the development of the arch in Petromyzon aDd the Batra­
chiao It is to be remarked that at least three modiftcatio:u 
are preseJlt at the junction of the hyomaDdibular aDd the 
two oral arches. 1. The hyomandibular cartilage articulates 
with both aDd there is also an articulation between the 
palato-quadrate and Meckel's cartilap (Ohiloacyllium. and 
Oarcharhinus Fig. 7). 2. The hyomandibular cartilage 

,.." .,. 
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Figure 7.-Artieulation of the Hyomandibular, palato-quacirate­
and Meckel's cartilages in Careharhinus (original). 

Figure S.-Articulation of the Byomandibular, palato-quadrate 
and Meckel's cartilages in Urolophus (original). 

Figure 9.-Articulation of the Hyomandibular, palato-quadrat& 
and Meckel's eani.lages in Squatina (original). 

finds attachment to the palato-quadrate only (Urolophus 
Fig. 8). 3. The hyomandibular is attached to Meckel's­
cartilage only (Squatina Fig. 9). The development of 
an ascending procQ88 from ~he 111nder end of the palato­
quadrate which comes to articulate with the post-orbital 
region at the side of the skull in certain forms (Heterodon­
todiae, Notidanidae) to give rise to the amphystylic arrange­
ment may be regarded as significant and perhaps a further 
indication of the plasticity of the arch responsible for ita 
peculiar specialisation. 

Quite accurately and in general terms the elasmobraneh 
preoral arch and hyomandibular cartilage, may be deaeribed 
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.. together constituting a subocular arch situated, 18 the 
term mggesta, below the orbit and utendiq outward, 
downward and forward, behind it to the point of suspension 
.of the lower jaw and thence forward, upward and inward 
to the symphysis; but it is a subocular arch in which the 
whole of the true post-quadratic portion has been aborted 
in the adult. A sm.all metapterygoid process is present 
in early stages of development, but is evanescent. 

III. 'l'II ...... _ .6.nh I. tile ......... 

Whether or no Parker is correct in his description of 
the quadrate in Salmo (1874), is a question that remains 
for further investigation. Ac{'ording to Swinnerton (1902) 
Meckel's cartilage and the paJ.ato-quadrate cartilage, witb 
its metapterygoid process, are differentiated out of pro­
eartilage without any segmenting off or re-arrangement 
and fusions. Be this as it may it is apparent that in the 
majority of the teleosts there is ultimately developed a 
nearly complete cartilaginous subocular arch, which 
~cupies essentiaJ.ly the same positions and relations as the 
8ubocular arch of the cyclost(JJlles. This arch (Fig. 10) 

Figure 10.-Chondrocranium of Gastrosteus (from Swinner­
ton, 1902). 

is the palato-pterygoid cartilage, and it is readily dift't"r­
entiated into anterior palato-pterygoid portion, middle 
quadrate and posterior ascending or metapterygoid pro­
-cess. The palata-pterygoid portions do not meet in a 
symphYsis in front, 8S in the case of the elasmobranch 
palato-quadrate cartilage, but articulate in front orthe 
.orbit witJ1 a lateral-proeess of the ethmoid. The quadrate 
lies well forward lateraJ. to and below the orbit, and from 
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this point the metapterygoid process exteDds inwar~ 
upward and back, parallel to and in front of the hyomandi. 
buIar cartilage, by which it is ultimately slUDg to the 
parotic region of the skull. 

There is some variation, more particularly in the shap!.' 
of the metapterygoid process. The desoription given above­
applies particularly to such forms as Gastrosteus; in 8a1,mo. 
BaZar the metapterygoid process is much broader (Parker-
1874), that of Lepidosteus (Parkt'r 1882) is intermediate 
between the two, that in 8Glmo !ontinolis (Winslow 1898) 
18 still more expanded.-

IV. S.1Ieealar Arch III the Ampllibl •• 

That form of the amphibian subocular arch which most 
nearly resembles the teleostean is assuredly to be regarded as 
the most primitive. Winslow (I.e.) has described and drawn 
several amphibian chondrocrania and from the material 
he places at our disposal we shall draw later on, but at 
present the most significant development is that of Bana, 
as given by Parker (1871). The hyomandibular and 
symplectic cartilages are no longer responsible for the 
attachment at the hinder end of the subocular arch to the 
skull. There is a complete subocular arch attached in 
front to the pre-ethmoIdal expansions and behind to the 
parotic region of the skull (Fig. 11). This subocular 

Figure H.-Chondrocranium of Ran. (from Parker, 1871). 

-In Le s the posterior tUld of the met;a,pteeypid 
articnllatea wi the cranium accordill8' to W. K. Parker (1882). 
After carefully . Parker's description I am stUI uDCel'tain 
as to the relatio of e articulation to the foramen prooticum, 
internal carotid ry and the palatine branch of the facial 
Derr'e. 
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aroh, like the last, is situated arounj the orbit and below it; 
like the last it may be readily differentiated into anterior 
pterygo-palatine portion, a middle quadrate and a posterior 
ascending metapterygoid process. In addition to these, 
parabasal and otic processes are clearly recognisable. 

V. TIle s ...... Anla III tM Iah~ 

A survey of the four forms of the subocular arch now 
brietly passed in review cannot fail to impress the surveyor 
with their unity of plan and convince him of the identity 
of their components, and at the same time such a survey 
must lead him to a willing acceptance of the truth under­
lying the contention that the elasmobranch form is a 
special modification deprived of the post-quadratic com­
ponents, but for all that, essentially one with the rest of 
the Ichthyopsida and the cyclostomes. The varying form 
of the areh, relation to the hyomandibular cartilage and 
the development of the amphystylic articulation has been 
quoted as evidence of its plasticity; we may now add the 
complete fusion of the arch with the various expansions 
of the cranial basal plate in the Chimaeroids as a further 
resultant of that plasticity. 

Omitting the elasmobranch condition from further oonsid­
eration we may speak of a characteristic ichthyopsidan 
type of subocular arch and we may now refer to the 
schematic diagram of an earlier page as a drawing of the 
subocular arch of this type. 

At the risk of wearisome repetition it is again pointed 
out that these diagrams, wluch faithfully represent the 
arch in the Amphibia, also represent the arch in the Cyclo­
stomes with the addition of an otIc process and the back­
ward displacement of the articulation of the lower jaw. 

It is particularly noted that the amphibian attachment 
to the cranial basal plate by the plU'abasal process faith­
fully reproduces the parabasal process of the cyclostome. 
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It should be realised also that the attachDleDt of the float 
of the arch, flU., the palato-pterygoid prooe&l to the ..... 
dal region of the skull, &8 in the teleoata, in place of to 0D8 

another by symphysis as in elasmobranchs is also a return 
to the primitive. 

Although the teleosts present in their cranio-viaceral_le­
ton many variations of an adaptive nature, yet the great 
majority retain the articulation of the lower jaw in ita 
primitive position well in front of the posterior limit of 
the skull. In the aggregate then we may describe the teleo­
stean quadrate as being situated at or near the centre of 
the suboeular arch, and the direction of the metapterypid 
process and hyomandibular cartilage is upward and back­
'WlItf'd, as well as inward from this point. There are, how­
ever, exceptions to this; Thyrsoidea (Fig. 12), one of the 

Fipre 12.-Skull of ThyrBoidea (from Boulencer, 1904,. 
muraenid eels, is a striking example, showing backward 
displacement of the lower jaw artIculation and forward 
rotation of the proximal end of the suspensorium. 

In the Amphibia the gradual displacement of the quad­
rate backwards and resulting rotation of the metapterygoid 
process is plearly shown by Parker, whose figures are here 
reproduced (Fig. 18). 

It is also important to point out that in the progress of 
development the subocular arch in the amphibia passes 
through clearly recognisable cyclostome and teleOltean 
stages before reaching the amphibian. This conceptioll is 
of importance not only because, as already stated, it indi­
cates for the cyclostomes an~ the amphibians a community 



Fipre la.-Diagrams showing the changing form of the sub­
-ocular arch in Rana (from Parker, 1871). 

-of origin, but because with fuller knowledge it includes 
the whole of the fishes in the same community of origin, 
-clearly indicating three grades of complexity in develop. 
ment:-Cyclostome, fish, amphibian. Further, the lowly 
-organisation of the cyclostomes is such as to decide us in 
unanimously regarding them as primitive members of the 
vertebrate series. If this last conception means anything 

10 a modern zoologist it means that the organism approaches 
nearly to the common progenitor of the vertebrates. 

We are therefore led to interpret the subocular arch of 
the Sauropsida in terms of that of the Ichthyopsida, and 
more particularly in terms of the early stages of develop. 
ment of that arch, remembering that some of the later 
features may be specialisations peculiar to the amphibia. 

So far as I have gone I believe that in the interpretation 
-of the various components of the varied subocular arches, 
I have introduced only one new suggestion, and that is, that 
the structure which I have termed the parabasal process 
is always homologous. To this suggestion I believe no 
-exception can be taken. 

It is now desirable to point out that, though this arises 
in the cyelostomes as a lateral procea of the cranial basal 
'plate, it first appears in many, if not all amphibians as 



an independent centre of chondrUloation and its fusion 
with the cr&ltial wall is, therefore, a seeondary phenomenon. 

VI. TIle Sa ..... Afth lit. tile ........ 

The pterygo-quadrate cartilage of the Reptilia hal been 
figured by several observers. Howes and. Swinnerton 
(1901) traced its development very carefully in Sphenodon. 
Xunkel (1912), by beautiful wax model reproduction, shows 
its form and relation in a very young EmYIl lulana. 
Broom (1903) has :figured the cartilages in severallaeerti­
!ians. Amongst all these there is a remarkable similarity, 
which, remembering the diversity of the reptiles from which 
they are derived, gives guarantee that throughout the 
class there are no important departures from the form 
figured. I have reproduced in outline two figures from 
Kunkel, two from Howes and Swinnerton, and five from 
Broom (Figs. 14 to 18). 
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Although the anterior process of the quadrate has alway& 
been termed the pterygoid process in the past, an examina­
tion of these figures must surely convince that it is not a 
pterygoid process in the ichthyopsidan sense of the term. 
This process is developed in close proximity to the side of 
the skull base, from the inner end of the quadrate, thai 
is developed in the tissue on the outer side of the orbit 
cephalad from the outer end of the quadrate. It is a 
fact that this like that is an anterior process of the cartilage 
wherefrom the quadrate bone is developed, but there the 
resemblance ceascs. Kunkel (p. 741) says,-HThe pars 
palatina (parabasal process) arises from the anterior end 
of the median aspect of the pars quadrata, near its ventral 
angle." 

It will be noted that thil:l process (which I propose to 
term the parabasal process) lies practically parallel to the 
palato-pterygoid proces!:! of the Ichthyopsida, but is 
situated in a totally different position. It will be re­
membered that the quadrate in the teleostean subocular 
arch lies much further forward than in the amphibian, 
and it is patent that in the Reptilia the mfltapterygoid, 
whose lower end was rotated back in the Amphibia, has been 
considerably shortened. Now had the palato-pterygoid 
process persisted in its posterior portion it should be found 
projecting down, outward and forward from the outer end 
of the metapterygoid just proximal to the articular head. 

There is nothing in the history of the evolution of the 
subocular arch which would lead us to believe that the 
parabasal process is the palato-pterygoid process. 

It might appear that if the metapterygoid process of 
the teleostean subocular arch had been shortened and the 
palato-pterygoid process had lost its attachment to the 
ethmoid and had been drawn directt, back with the short­
ening of the posterior process it would come to lie in just 
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the position oceupied by the parabual proeeas. 8_ aa 
41xplanation as the above involves an abaolutely grataitoua 
assumption in the absence of any evidenee pre&entm, tile 
intermediate stages. Now, though the explanation jut 
given has never, as far as I am aware, been atated in 10 

many words, It haa been taeitly accepted by all abaen'.., 
for it is only by such means that the palato-pternoid 
process can have come to occupy the position of the para­
basal process. 

It is conceIvable that the earlier condition m the chondro. 
cranium of Amblystoma and other Urodeles, as 8gured. 1»,. 
Winslow (1.c.) and others may be quoted as an inter· 
mediate stage. There is present here a veritable palato. 
pterygoId process not attached anteriorly to the ethmoIdal 
cartilage and lYIng apparently m a very similar situation 
to the parabasal process (FIg&. 19 and 20). A more 

Fipl'es 19 and 20.-Two stages in the development of the 
.uboeular arch in Amblystoma, showing the rotation outward 
and back (from Winslow, 1898). 

cntIcal study of Winslow's work, however, convinces that 
the development of the arch in Amblystoma correctly Inter. 
preted is eVIdence agaUUlt the hypothesis. The condition i!lting the positIon of the parabasal process is an early 

ion predating the backward displacement of the 
jaw, and a stage of development correspondmg to 
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lIaa at the atage DOwn in 1lgare 11. Now observe: 
altJaoUlh not attached to the ethmoid ad oeeurriDg in • 
form with a much Dortened metapterypid process, when 
the backward displacement of the artioulation does tab 
place with its attendant cbaDge in the direction of the 
I'Mtapterygoid process, the palato-pterygoid process shares. 
in the rotational movement and comes to be directed out­
ward, downward aDd forward from the outer end of the­
metapterygoid process proximal to the articular portion 
thereof. 

It is to be concluded that the attachment of the otict 
aDd parabasal processes to the cranium predated the back­
ward displacement of the articulation aDd it was this 
fixation of the proximal end which caused the rotation 
of the metapterygoid process, aDd the point of fixation is 
the point about which the rotation took place. 

In the Reptilia the parabasal process springs from the 
point of attachment. The approximation of the palato­
pterygoid process of Ambylstoma to the same point, due 
to shortening of the metapterygoid, serves to emphasise 
the faet that, though the jaw has undergone backward 
displacement in the adult of both, whilst the true palato­
pterygoid shares the attendant rotational movement, the 
parabasal process does not. The parabasal process is, there­
fore, not homologous with the palato-pterygoid process. 
It would seem then that this process is not homologous with 
the palato-pterygoid, hence the proposed new term para­
basal.-

If the parabasal process be not homologous with the 
palato-pterygoid, then either:-(l) It is homologous with 

·The term "parabasal proee8ll" is used throughout this section 
as though it had not already been applied to that with whit:h 
in the discussion it is homoloped. This has been done to 
avoid the duplication of terms or ue of qualifJ'iD&' phrasea to. 
prevent ambipit:v. 



the metapterygoid process, or (2) it is a development of 
'SOme portion thereof, or (3) it is an. entirely nn struotute 
not represented in the Iahthyopsida. 

1. It is notewothy that if the metapterygoid process of 
almost any amphibian, e.g., Bana, as shown in :6gure 21 
(outline from W.K.P., 1871, pI. ix.) be bodily moved 
forward and shghtly inward, it would come to OOCUPY 

the situation of the parabasal process and the artioular 
-end would be situated where the reptilian quadrate is. At 
:first sight this appeared a satisfactory explanation, but it 
was discarded because it involved the assumptions that 
such a shifting waa probable, that the proximal end was 
freed from its attachment to the skull and that a new 
attachment was developed. 

2. Parker's figure 3, plate 7 (I.e.) reproduced (:fl.g. 22), 
o:tfers two suggestions in explanation of the problem before 
us. FIrstly, the parabasal process is the homologue of 
the orbitar process. This, however, will be dIscarded at 
.once, when it is remembered that the orbitar process IS 

really a transient para-orbital phIange of very special 
development, and undergoes complete absorption very 
rapidly after it is removed by growth from the border of 
the orbit. 

3. The second suggestion is, however, more fruitful. It 
is that the parabaaal process is a development of that slIp 
.of cartilage in front of and below the prootic foramell 
which Par~ te1'IQS the pedicle. Reference to an earlier 
stage CW. K. P., I.e., fig. 1, pl. v.) (:6g. 23), reveals that 

FinreI 21, 22 and 2B.-Three drawian lhowinJr featurel ill 
the cleve10pment of the lubocular arch In R&Da (from ~arker. 
18'71). 
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pedicle extending forward in just the position relative to 
the akull and foramen prooticum occupied by the para­
basal process of the reptiles. As development proceeds 
the "pediole" becomes converted into 1ibrous tissue and 
the suspensorium becomes fused to the "supero-Iateral 
edge of the auditory capsule" by the "secondary otic 
process." In this connection compare now figures 4, 5, 14 
to 17, and 1igure 22. 

In Amblystoma the "pedicle" (see figs. 19 and 20) i. 
clearly recognisable j Winslow (l.c.) terms it the ascending 
process. In Amphiuma it is developed to a much greater 
extent, and is also clearly recognisable in Desmognathus. 
This pedicle of the metapterygoid process of the subocular 
arch arises from the inner end of that process near the 
ventra-anterior limit of its attachment, and extends thence 
forward and inward parallel to the base of the neuro­
cranium below and in front of the foramen prooticum. 
It is crossed superiorly by the 1irst branch of the fifth 
nerve and the palatine branch of the seventh, whilst the 
second and third branches of the fifth pIllS laterally and 
backward above its attachment to the metapte' \·goid. It 
may end freely anteriorly (IchthyophiB glv,tin08U8). 

The above description of the pedicle in the amphibians 
describes quite correotly in general terms the parabasal 
process of the reptiles. 

There is no reason why this remarkable similarity should 
be regarded as a mere coincidence, and we are justified 
in regarding the parabasal procesaes of the reptilian quai. 
rate as homologous with the pedicle of the amphibian 
metapterygoid process. 

VB. TIle a. ... Ia~ ..t.nla I ...... 

In the development of the fowl W. K. Parker (1S69) 
described a palato-pteryCOid tract and. a quadrate which 
WII segmented from the pro:dmal end of the tract from 



w:a.iell Meckel'. cartilage iI developed. Quite.,_, h0w­
ever, the palat()oopternoid rod developed in tile "(mner) 
palatine retPOD of the mufllo..p.lIt1ne ~" ... to­
lie in the "walls of the cleft p&Jate." That. to I&J it 
is medial to the orbit. Meanwllile the fluadrate, witll 
which it is never in continuity, baa beeome IC a 'Very de'llnit6 
triradiate cartilage; iii antero-internal (orbital) proeesa. 
flGII8I "flder tk6 trigeminal fW1.Ie, but does DOt reach the 
cranial wall" 

I have reproduced two drawiuga from T. J. Parker'&: 
work on the development of Apteryx (1891), and plaeed 
alongside the second a section of • similar region in EM1/' 
Z.trriJ (Kunkel, l.c.) embl'1o for comparison (figs. M 
to 26).· 

ii. II,....· 
• f01' , ,,-e. po.~ pro 1'· 

/ 

Figure 24.-The suboeular arch and related portion of the 
chondrocranium of Apteryx (from T. J. Parker, 1891). 

Fipre 25.--A section thToueb the bead of a young Apteryx 
showing the relation of the pteCYl'oid bone to the parabaaal 
process (from T. J. Parker, 1891). 

Firure 26.-A similar section through the bead of Emys 
lutaria (from Kunkel, 1912). One of the sections shows the 
right half, the other the left half. 

It needs no further discussion to establish what is here 
illustrated: the orbital processes of the birds is the homo­
logue of the par.basal pl'ocesses in the reptile. 

·Parker's delCl'iptions and his other drawiDl's and sectiona 
show that in the reconstruction (ftl'.24) both the orbital process 
lind foramen prooticum are placed too high. His aeetion do .. 
not show the internal carotid artery. From a section further 
forward. I conclude ita position is as indicated. UDfort1laatel,., 
the situ~tion of the palatine ramus of the seventh nerve ill not 
liven. 
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In the little sketch of the side view of Apteryx the 
epipterygoid process is all that is wanting to complete 
the resemblance to the condition in the reptile. 

For the purposes of a later section it is here emphasised 
that the orbital proce&1o ossifies as such, and the pterygoid 
bone is developed quite independently of it. 

VIII. The Suhoevlar Arch III the ........ ia. 

It were quite beyond the scope of the preHent discussion 
tJ examine the arguments relative to the various hypotheses 
surrounding tht> auditory ossicles and annulus tympani, 
and since our attention iH at present directed towards the 
elucidation of the homology of the reptilian pterygoid 
bones with bones in the Ichthyopsida on the one hand 
and Mammalia on tht> other, it suffices here to note that 
in the mammalia the posterior elt>ments of the subocular 
arch are represented by one or other of the bones of the 
middle ear, and thert> is no cartilaginous process or nodule 
relative to the development of the mammalian ptery~oid 
which has hef'n homologised with any part of the sub­
ocular arch. 

IX. Summ.l7.f the Faeb In ReI.tlen to the Evolution of tile 
Suhoeul.r Arch. 

The most primitive, and at the same time nearly the 
most complete subocular arch is developed in the cyclo­
stome fishes. 

The selachians present a specialised reduction of the 
arch; the metapterygoid process is never well developed 
and is rapidly evanescent. 

The Teleostomi develop a subocular arch wherein the 
palato-pterygoid, quadrate and metapterygoid are satisfac­
torily recognisable, but in the absence of any atta('hment 
to the skull, otic and parabasal processes are not developed 
except perhaps in Lepidosteus. 

In the amphibia the whole of the strllctures present iii 
the cyclostomes are reproduced in early stages of develop­

E -JalJ 1,11115. 



•• L.~ • 

• ent with remarkable faithfulness to type, ADd in addition, 
ill later stages of growth, otic alld basal processes ." 
developed. 

In the reptiles the palato.pterygoid process fails to 
develop, whilst the parabasal process reaches its maximum 
and in addition bears an epipterygoid process; the meta· 
pterygoid process is short. 

In the birds the arch is still further reduced inasmuch 
as that the parabasal procellS is not 80 w~ll d~velop~d aM 
in the reptiles. 

In the Mammalia the quadrate is present as one of the 
bones of the middle ear, and the pterygoici bont' IS devel. 
oped quite mdependently of any cartilaginous structure 
definitely referable to the subocular arch. 

Conclusion: 
The parabasal process is not homologous with the palato. 

pterygoid or metapterygoi<l processes. 

Corollary: 
None of the boneE. developed in relation to the palato. 

pterygoid and/or mt'tapterygoid process i~ IpbO facto 
homologous with any bone developed in relation to the 
parabasal proCE·s~.· 

·Whilst refreshinJ my memory of ParkeI's work on the 
crocodde skull (1885) I found the following extremely mterest. 
ing llassage which had totally escaped my notice on the previoull 
reading . . . "The quadrate or mandibular pier 18 vel') large. 
and its main part is crescentic, hookmg in falcate manner 
over the first cleft and the hfoid arch, along the forepart of 
the auditory eapsule. The hinder, concave, bevelled edge is 
already forming the front boundary of the tympanic cavity; 
its lower end is the solid rounded condyle for the lower jaw; 
but its front mat'gin is developed into a thin and somewhat 
bilobate process; this is the 'orbital process' so familiar to us 
in C'helonians aDd birda; it i. the eOlDmOD rudimeat of the 
'Dediele' t.) 'uceadiq. proceu' .... 'pter,pid eartiI ... ·; 
tne falcaFpostero-lia.penor part of the quadrate is the otic 
process . . . ." (pp. 271-2). 

I beU,ve that this is the first statement of the correct 
bomoloU of the .~rabual pr0ce8S, but marred b;V the inelusiOll 
-.1 PteuCOi4 c~ 
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... The lIetapterYlOid of the Teleost, the Pter1loid of the Frog • 
... BetopterYl'oid of the Reptile are Homologous BoDes. 

'The metapterygoid is developed as an ectochonural 
lamina (be it noted, not as a true replacing bone endo­
ehondrally) in relation to the metapterygoid proce.,s in the 
teleosteans. ExampleA in illustration of this fact might 
be multiplied j one only IS '3elected-the early hta~E''3 of 
.8alfM salar (W.K.P., 1874) (fig. 27). 

Firre 27.-Upper jaw of young Salmo (from W. K. Parker, 
1874 . 

Though oftel1 confined to the region above and behind 
the Quadrate, the re~ulting bone commonly extends forward 
to appear on the lDnl'r side of the quadrate In front of 
its anterior limit. 

The adult relation to 8 persistent cartilage is well '3hown 
by Allis (1897) in Amia ('alva (fig. 28). 

Figure 28.-Upper jaw of Amia calva (from Allis, 1897). 

In the Amphibia the pterygoid hone tYPICally first 
appears in relation to the junction of thp metaptl'rygOid 
proce'l'il and palato-quadrate, extending as it develop'il both 
forward and backward. This is not a SItuation in which 
~ither a meso-pterygoid or pterygoid (teleostean) could 
develop. The teleostean pterygoid is developed entirel, 
anteriorly to the quadra~ on the low~r and outer face 
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of tile palato.quacirate; clearly then it ia Dot "'.otuco­
with a bone developed on the inner faee of the cart.i.lacI' 
proximal to the quadrate. The meao-pteryl6id it eertainly 
developed on the inner face of the cartilage, but the adult 
bone never comes to extend above the quadrate. 

In LepidoBieU8 0886U8 the metapterygoid comes to anicu. 
late with the side of the cranium (Parker, 1882) (fig. 19) .. 

Figure 29.-Portion of the skull of a young Lepid08teus 
(from W. K. Parker, 1882). 

Figure SO.-Portion of the skull of a young Triton (from 
W. K. Parker, 1885 bis). 

Figure 3l.-Palatal aspect of the ri&'ht half of Promicrops 
skull (original). 

Figure 32.-A schematic modIfication of the last. 

Now comparing the condition in these forms with that 
in Triton (fig. 30) (W.K.P., 1885 bis) and other Amphibia, 
one i& constrained to admit (remembering that amongst 
the Urodele& the condition in Triton is common) that if 
any of 'the three pterygoid bones of the bony fishes is 
represented by the pterygoid of the amphibia, it is almoet 
certainly the most posterior of the three, namely the meta­
pterygoid. 
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III this same connection I have drawn the palate of 
Pnmicops and placed alongside of it a drawing showing 
the aame palate but with the hyomandibular and sympletic 
bones removed, and the quadrate and metapterygoid in 
1Sentact with the side of the cranium (figs. 31 and 32). In 
this hypothetical drawing it will be seen that the position 
.of the metapterygoid is essentially that of the pterygoid 
in the urodele Amphibia. 

Lest doubt should later arise, it were well now to compare 
"the pterygoid of Ichthyophis with the anterior arm and body 
.of that in Branchiosaurus, there can be no doubt as to the 
.homology of the structures. Slmllarly, comparison of the 
pterygoid of Cryptobranchus WIth the posterior arm, and 
body of BranchlOsaurus must al.,o convince one of the 
(lomplete identity of the structure'! (figs. 33, 34 and 35) 
(Kesteven, 1919). 

FIgure 33.-Palatal aspect of the skull of Brandluosaurus 
(from Kesteven, 1919, after others). 

Figure 34.-Palatal aspect of the skull of CryptobranchUb 
{from Kesteven, 1919, after others). 

Figure aG.-Palatal aspect of the skull of Ichthyophis (from 
Kesteven, 1919, after others). 

Having thE'n convinced ourselves that Ilotwithstanding 
its variations in pOllition it iF! alway'! the same bones whH·b 
have l,et'n tt'rmed pterygoid in the amphibia (excludmg. 
the labyrmthodonts): thE' fact that thesll bonel> are not 
always developed in close association with the 8ubocular' 
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arclt calls for some explanation consonant with the feet 
of their homology. 

In the axolotl (Parker and Bettany, 1877) pterygoid 
ostE'ogenetic tisRne appears well forward in the situation 
where, were a complete 6ubocular arch present, that 
chondral bar would be. This tissue develops a complete 
osseous subocular bar, the anterior portion of which il 
subsequently absorbed. We may be permitted to explaia 
this phenomenon on the assumption that the osteogenetic 
tis~ue obeyt; a phyletic impulse. It is, however, extremely 
intere~ting and t;ignificant that a bone whose homology 
iI,. in no way in doubt should in its early development 
be divorced from the chondral anlage in relation to which 
in other forms, and typically, It is developed. It is 
probable that the pterygoid of lchthyophis glutinosus is 
developed. in no clo-.er relationship to the palato-pterygoid. 
cartIlage than is the C3h(' with Amblystoma, or that it is 
developed in relation to one of the isolated cartilaginoUl! 
nodules which constitute the anterior tIp of the palato­
pterygoid proce&S (Peter, 1898). 

Turning next to the reptile!>, we are met at the outset 
with the fact that there is here no palato-pterygoid carti­
lage, a metapterygoid cartilage is present, and two bones 
call for consideration in a quest for the homologue of the 
amphibian pterygoid. Before, however, approaching that 
subject, it w~re well to quest further back to the osseous 
fisheK,.and at once the fact that the pterygoid (teleostean) 
and mesopterygoid are developed in relation to the palato­
quadrate, places these beyond doubt out of court. If any 
of the t1u;~e teloostean bones is present in the reptile it 
must be the metapterygoid, since that alone is developed in 
relation to the portion of the subocular arch which is' 
perSIstent in the reptiban complex, namely the metaptery­
goid process. This is of course assuming community of 
inheritance for the bones in reptiles and fishes. 
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Therefore, if subsequently it be shown that the amphibian 
pterygoid is the homologue of any bone in the reptilian 
skull, that becomt'fI an added reason for regarding the 
amphibian pterygoid as the homologue of the teleostean 
metapterygoid. 

In the rt'ptiles it will be granted that the amphibian 
pterygoid is represented either by the pterygoid or by the 
t'Ctopterygoid. 

I have already (Km.tf'ven, 1916, 1919) advanced cogent 
reasons for regarding the reptilian pterygoids aF! together 
homologou'i with the amphibia]1 parasphenoid. In the 
n('xt lIe('tion it is, I believe, fairly ('onclusively proven that 
the r('ptilian, avian and mammalian pterygoids are abso­
lut('ly homologous structurer.. 

Now, the avian pterygoic1s are developed independl'nt1y 
of any cartilaginous precursor; therefore, whether it bl' 
argued that the reptilian pt('rygoid or ectopterygoid is the 
homologut' of the amphibian ptei'ygoid, on following the 
bone~ into the Aves or Mammalia it becomes necessary 
to admit that bones which are homologous arl' developed 
in the one class in relation to cartilaginouH prl'cursory 
structureH ancl in the other qnite indl'pendently thereof. 

In ext('nsion of the last statement. Assuming that the 
ecto-pterygoid is the homologue of the amphibian pterygoid, 
tht>n one i., forced to admit that in the reptiles the bone 
h. divorced from its cartilaginous anlage. Contrariwise, 
1('t it be granted that amphibian and reptilian pterygoids 
are homologous, and continuing to trace the reptilian 
pterygoid and alll!luming that it has primary relation to the 
paraba'lal proceslJ (and in order that the reptilian ptery­
goid may be recognised as the homologue of the amphibian 
pterygoid, one is involved in thp further assumption that 
the paraba~al process is the homologue of the amphibian 
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palato-pterygoid process), one is next compelled to admit 
that it is homologous with the avian pterygoid, and to 
admit further that here again in the last, the bone is 
divorced from its cartilaginous anlage. . 

Since sooner or later one is faced with this ditBculty 
under both hypotheses, one may be permitted to disregard 
it and endeavour to determine the question by other 
evidence. 

This one does the more contentedly, already knowiDl 
that this divorcement does not contraindicate the homology 
of the bones as previously illustrated in the C81:1e of 
Branchios8urus, Amblystoma, and Cryptobranchus and 
possibly Ichthyophis. 

I have now to ofi:er side by side two outlined tracings 
from W. K. Parker's work, 8nd below them two reproduc­
tions from my own previous contribution. 

It will be seen that the ectopterygoid of Urocodilus 
(W.K.P., 1885) (Fig. 36) develops in almost precisely the 
same position as the pterygoid in Siredon (W.K.P., 1887) 
(Fig. :17). There is, however, no palato-pterygoid cartilage 
and the jugal is more closely approximated than is the 
case in amphibia (e.g., Rana) , where the mctapterygoid 

Figure S6.-Portion of the skull of a young Crocodile (from 
Parker, 1886). 

Figure 87.-Portion of the skull of a young Siredon (from 
Parker, 1887). 
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process is longer and the palato-pt~rygoid cartilage inter­
'Yen" It will be noted that, were the quadrate in Siredon 
rotated back as in C'rocodilus (and as occurs later in 
development in Siredon itself), the similarity would be 

more striking. 
I have previously (Kesteven, I.c.) drawn attention to all 

the similarities in situation and relationship of the adult 
bones, as shown in the othpr two drawings (Figs. 38, 39) . .. 

In Lacertilia the ectopterygoid is found in the embryo 
(Fig. 40) (Gaupp, 1900) occupying just the position of 
the anterior portion which becomE'S abRorbed in Ambly-

stoma and Siredon, etc. 
We conclude, therefore, that the mt'tllpterygoid bone of 

the OKSeous fishes, the pterygoid of the amphibianH and 
the ectopterygoid of the reptiles arp homologous boneR. 

Figure 38.-Palatal aspect of the akun of the Crocodile, POT­

tion of the pterygoid and palatine bones removed (£Tom Keste­
ven, 1919). 

}.t'igure 39.-Palatal aspect of the skull of Ichthyophis (from 
Broom, 1896). 

Against this cont ention· the most weighty argument is 
probably that in the two former cases the bones are 
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developed in direct relation to the metapterygoid proeeu 
ef the aubocular arch, whilst in the last no such direct 
relationship can be shown. 

Figure 4O.-Portion of the palatal aspect of the skull of a 
J'0UDg Lacerta (from Gaupp, 1900). 

Yet this argument, as already stated, if in."istl.'d upon, 
must involve ih own negation if the only alternative bone, 
the reptilian pterygoid, bl' bub'Jtitutcd in the serial homo­
logy for the ectopterygoid. 

It further involve", us in the assumption that all the 
relationships of the paraba~al process of the Reptile& and 
Amphibia are mere coincidental resemblances, and the so­
called pterygoid proce&8 of the reptiles 1& really the meta­
pterygoid process of the lchthyopsida. 

Finally, it calls for an explanation of the following 
(Kesteven, 1916, p. ~04-305) :-

"Comparing the ectopterygoid of the crocodile with the 
pterygoid of Rana it will be found that the following hold 
true in both cases:-

1. The bones Iftl.' on the pOliltero-lateral border of the 
infra-orbital region. 

2. They arl.' triradiate. 

3. The anterior ramus i& related to the maxilla, and to 
the palatine bone laterally with respect to the orbit. 
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4. The postero-Iateral ramus is related to the quadrate 
or quadrato-jugal (i.e. to the maxillary arch pOi­
teriorly). 

5. The postt>ro-mt><1ial ramllS is related to the para­
sph~noid (pterygoid of authors, in the Reptiles). 

6. Neither of these ever presf'nts the mE-dian rf'lation to 
the palatines and choanm 110 constantly <Jt>~n in the 
rt·ptilian paired paJ'8Hpht'noifh, (pterygoids). 

7. Thf'Y form a bony bar OVf'r which thl' IDUIICIt'1! of 
IDa .. tication work. and which "l'pnratf'H thf' tE"IDporal 
fosl!la from the orbit. 

"Once again, if tht'F.e hont'H art' not homologoll~ thE"n there 
has beE"n a truly reUlarkabll' analogou ... replaeE"llll'-Ilt." 

5. The PterYltoid Bone in the Reptiles, Birds and Mammals, 
(a) Gaupp's Contention to the Contrary. 

Tht' mOl.t important contributioDl-, to the Ilw· ... tlOn of the 
homologies of thehe bOl)eh thnt I am acquainted with are 
from the pen of Gaupp (1905. 1910). GtlUPP homologihcs 
the mammalian pterygoid wit h the erm; transverHllm ba&i­
sphenoidei of thc' lacertiliallb. Towards this v;,'w he tells 
us he "a"l inclined ,\ hill' htudying the development of 
Lact·rta. bnt was convinced of ith correctm'''" when he found 
the .. Siillgerph'rygoid" lIuci('r th(' palat ine bone of 
Echidna. . . . •• Thuh Bchidna has on each side two bone" 
which clln Jay claim to th(' name of • PterygoW'; an 
anterior one in a somewhat obscured position which correR­
ponds to the pterygoid of other mamIDlll ... (m('dial lamella 
of the wing prOC('SK of th(' alisphenoid), and a po~tE"l'ior 

one which hall always been regarded ah the pterygoid of 
Echidna (' Echidna-pterygoid') corresponding to the rep­
tilian pterygoid." . . • 'rhis leads him by comparison ., per 
exclusion em " to t be crus trallsversum paraspbenoidei .• 

I have recently shown (1918) that' without reasonable 
doubt the" Echidna-pterygoid" is really th(' alisphenoid, 
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being led to that conclusion by Watson, who, however, had 
failed to realise the importance of the RuggE"stion whick 
led me to that conclusion. 

Gaupp does not rely only on the presence of two ptery­
coids in Echidna for the proof of his hypothesis, but 10 

important are they to his contention that his dir.cussioJl. 
leads constantly back to them in order to clinch many of 
his variouli arguments. The demonstration that there is 
but one pterygoid on t'8ch side amounts almost to a rt'futa­
tion of hi!! argument by the destruction of his primary 
premise.-

Finding it necebilary to search in the reptilt's for aD 
homologue other than the pterygoid (whi('h, ab ah·t·ady 
stated, he regarded as demonstrably homolo~ous with the 
echidna-p~erygoid) for the mammalian pterygoid, hI' found 
it in the crus transversum parasphenoidei. To permit of sUl'h 
an homology he states that it is only necessary to assume 
that the lateral portions of the crus transversum have 
become independent, and that they have been displaced in 
a costal dirE'ction. The former afosumption appears per­
missible, for hE" stat('s thE' lateral portions do ari"'e inde­
pendently of the crus 10ngitudinaliFi in IJacerta and Anguis. 

The second assumption, however, is totally lacking in 
precedent and involves a transposition so considerable that 
one may be permitted to doubt its posHibility. In the 
Amphibia thE' lateral portions of the crus tranbverhum are 
applied ventrally to' the parotic region, and the ct'Jltr(> of 
the cruroliE's benind the pituitary fOSMl. In Lacerta the CE'ntre 
of the crUb lies beneatli the pituitary fossa, and the latl'ral 

*In a contributicftl on the "Homologies of the Alisphenoid. of 
the Sauropsida," Mr. E. Phelp Allis, Jr. (1919) challenges my 
interpretation of the echidna pterygoid. His contribution 
seems to give overwhelmingly too much value to relations to 
the trigeminal ganglion and nerves and far too little to the 
many anatomical and embryological factors which should be 
considered in a question of this kind. 
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portions are applied to the parachordal cartilage on either 
.ide of the basicranial fontanelle in front of its centre. 

Moreover, Broom (1896) has advanced arguments whiok 
amount to a satisfactory demonstration that the reptilian 
para~phl'noid as in Lacerta is the homologue of the mam­
malian vomer. This bone cannot be homologous with both 
the pterygoids and the vomer in Echidna. 

Before leavinp: the subject it is permissible to remark 
that thE' recognition of "centres of ossification" (involved 
in the statement thllt the lateral portions arise independ­
ently of the crus longitudinalis) in a bone so minute and 
in which these "centres" fuse completely with extreme 
rapidity, seems somewhat in the nature of splitting straws. 
In all those bones which develop from a single centre there 
are always at the first scattered groups of osteoblasts 
whoF..e activity sooner or later leads to the development of 
a centre of ossification. 

It is to be further noted in this connection that in the 
stage which Gaupp figures, minute though the bone still 
is, "the parasphenoid is no longer separated from the hllsi­
sphenoid in all its parts: growth has already taken placl' 
between it and the perichondrial basisphenoidal bone 
lamella. " One would beg leave to doubt their separate 
identity. 

Gaupp states that" the non-mammalian pterygoid origin­
ally has relations only with the pars palatina of the palato­
pterygoid. " That is to say, with the palato-pterygoid 
portion of the subocular arch. This statement applies only 
to the Amphibia and fishes and is one of the most impor­
tant re8.'lons advanced in thE' previous pages for regarding 
the reptilian ectopterygoid as the homologue of the 
amphibian pterygoid and against recognising as homo­
logou!'! the reptilian and amphibian pterygoid, &0 that- his 
further statement-" the pterygoid of the mammals lies 
COn!liNtently at the base of the neural cranium "-becomes, 
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all it will be !!bown lat(>r, an argument for the complete 
homology of mammalian and reptilian lUI wt'll as avian 
pterygoids. 

The whole of Gaupp's argumenty relative to the develop­
ment of the processus basipterygoideus and its relation to 
the reptilian ptt'rygoid fail in their application in view of 
what is stated in the last paragraph, and serve only to 
-emphlUlise the consistpnt relation of the reptilian pterygoid 
to the base of the neural cranium. It appt"ars that for 
some reason or other, no matter how far theRe bom's be 
thrust from the median line, they maintain a relation with 
the basisphenoid. 

I have already previollsly shown (1919) and paltOOnto­
logists agrep. that the palll'OntolQgical evidence indicates a 
median situation as primitive for the reptilian pterygoid 
bones. 

Turning next to the que"tion of the vidian canal. In 
the human subject this ('allal lies below the ba'!lif>phenoid, 
bounded below by the inner wing of the pterygoid proceA'J 
of the alisphenoid (i.e., by the mammalian ptprygoid), and 
this may be regarded as the typical condition in the Mam­
malia. but it is to be noted that, as Gaupp hims!'}f states, 
the nerve at times passes forward on the median face of 
the bone. In such cases, were the vomer expandC'd between 
the bones a8 in the human subject (where the facial axis 
has been shortened) the vidian nerve would lie under the 
lateral wing of the tuberosity of the vomer exactly as it lips 
under the laterai' wing of the parasphenoid (vomer) of 
Lacerta. tn this connection it would be of interest to 
know the course of the nerve in the cetaceans. 

It is to be ooted that the relation of the "lateral wing 
of the parasphenoid" of Lacerta to the vidian nerve is, 
when correctly viewed, not 80 nearly like the condition in 
Echidna and the mammals generally as he maintains. In 



79 

IJ8certa it is the outer lateral extremity of the bone which 
underlies the nerve, so that the bone is for the most part 
between the two nerves. In the mammals, which he claims 
to most nearly reproduce the sam I' morphological rplatiom., 
the nerve lies between the base of the pterygoid and the 
basisphenoid. The base of attachment of the pterygoid 
must be morphologically its median edge, so that the nerveR 
iiI' for the most part between the bones. 

Now, if one is to accept Gaupp's homologies, one must 
a88ume that the position or the n(>rve is variable or the 
bones have migrated from the centrl' line below tht> n('rve 
till as in the rabbit (Krause, 1884, fide Gaupp), with 
Echidna as an intermediate stagt' (Gaupp I.c.), it lies 
wholly lateral to the nerve. 

This is not quoted here as an objection to Gaupp's hypo­
thehis, but because it is a difficulty which also lies in the 
way of my own contention that the reptilian pterygoid, 
lying lateral to the ramus palatinu8 nervi facialis, I:;' the 
homologue of the lateral half or the crus transversum and 
main part of the crus longitudinalis of the lchthyopsidan 
par8Hphenoid lying medial to the nerve. 

This matter will be returned to later; suffice it here 
to state that the relation of the nerve to the parasphenoid 
bone is demonstrably variable within the t(']eosts, II" wt'll 
as being variable to th(' ptl'rygoids in the mammah •. 

(b) The Domololf)' of th .... Bon .. In the Reptll_ and B,rde. 

Though as far as my reading serves me, It 1., not 
explicitly stated, one may be permitted to aSl>ume that 
Gaupp was to a large extent led to the hypothesis we 
have been discm.sing by the fact that, whereas in the 
reptiles the pterygoids are very commonly developed in 
relation to condral precursal bars, in the Mammalia no 
such relation is consistently demonstraple. This fact calls 
for special emphasis, as it is a phenomenon quite unex-
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plained under the old homology, more especially whilst th~ 
reptilian pterygoid was rf'garded as homologous with th~ 
amphibian pterygoid. 

We have already seen that the last mentioned homology 
is no longer tenable. 

In Emys lutaria, Kunkel's wax model reconstruction 
(1912) shows a developing pterygoid which is no more 
nearly related to the parabasal process than it is to the 
crista basipterygoidea. and his sections verify his model. 

In Crocodilu8, Parker (1835) fails to mention any 
relation between the pterygoid at its first appearance and 
the parabasal process of the quadrate, and a study of his. 
description and excellent drawings· cannot fail to con­
vince one that this was not an oversight, that no such 
relationship ever exists. A comparison of his figures viii 
pI. 65 and vii pl. 67 serves to clinch the matter. The para­
basal process is well developed, as seen in the side view 
of the skull, and extends forward beyond and below the 
pituitary fossa in the typical situation. The pterygoid at 
thE' hinder portion of the pituitary fossa is seen in the 
section (Fig.41j developing in relation to the cartilaginous 

Figure 41.~Section through the head of Crocodile, in the 
region of the hypophysis (from Parker, 1885). 

crista bar.ipterygoidea; why the parabasal process is not 
shown is not clear: possibly the embryo was a little further 
advanced than the Rpecimen dissected, and the process had 
aborted. 

In Sphenodon on the other hand, Howes and Swinnerton 
demonstrate quite clearly the first centre of ossification of 
the pterygoid in relation to the parabasal process. 
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Amongst the reptiles we find then that the pterygoid 
lIlay (ehelonians and crocodilians) or may not (lacertilians. 
ophidians and Sphenodon) be developed independently of 
a precursory chondral bar. 

In the birds it is agreed that the orbital process of 
quadrate is the homologue of the parabasal process in the 
reptiles. 

The orbital process of tht' avian quadrate persists and 
is directly o!l8ified endochondrally as such, and the ptery­
goid is developed entirely as a membrane bone. . . . "The 
identity in mode of developmt'nt betwt'en the palatine and 
pterygoid and the remaining mt'mbrane bones is illustrated 
by fig. 117, in which the rudiments of the quadrato­
jugal (Qu.Ju.) and pterygoid (Ptg.) are Reen to be of 
precisely similar character." (T. J. Parker, 1891, p. 63). 
This being 80, it is necessary to satisfy ourselves as to the 
homologies of the avian pterygoids before proceeding 
further. 

Although this is not a matter that calls for much discus­
sion, since as far as I am aware the homology of reptilian 
and avian pterygoids has never been questioned, a brief 
examination of the morphological relationships will be 
pertinent if only to close the argument. 

In 1910 I published (Kesteven, 1910) a detailed descrip­
tion of the bones of the skull of Ohelone midas, and I 
then expressed the opinion at the conclusion of the 
description of the quadrate that-" The otic and suspensory 
rami and pedicle are completely homologous with these 
three portions of the amphibian l.iUspensorium." A study 
of W. K. Parker's (1880) report on the development of 
Oh610ne viridis (86U midas) confirms that opinion. Portion 
of the orbital process is oHsified to form what I thep. 
termed the pedicle, and with this' the epipterllgoid 
articuZafu. 

I'-.Juq I, 1l1li 



82 

In Chelone then, there is an osseous orbital process 
present as in the birds. 

With the last fact established, I have to ofer for com­
parative examination, three drawings: the first is repro­
duced with added lettering from my own paper on the 

"Pterygoid in the Amphibia and Reptiles and the Para­
sphenoid" (1918); the secoVd i~ a perfectly legitimate 

modification of the first, wherein the pterygoid bones 

have been reduced to narrow rods, the basicrauial struc­
tures exposed between them, and a basipterygoid process 
added; the third is traced from T. J. Parker's paper on 
Apteryx quoted above (1891). With these drawings I 
leave the subject, believing that the homology of reptilian 
and avian pterygoids, neVE'r serlOu~ly qu('stioned, is satis­
factorIly demonstrated beyond further que'ltioning (Figs. 

42,43 and 44). 

Figure 42.-Palatal aspect of the skull of Chelone midas (seu 
viridiS) (from Kesteven. 1910). 

Figure 48.-A schematic modiftcation of the lalt. 
Figure «.-Palatal aspect of the skull of Apteryx (from T. 

J. Parker, 1891). 
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It is now to be emphasised that in the reptiles the 
pterygoids mayor may not, but mostly do, first appear as 
~tosteallammire in relation to the parabasal process, whilst 
in the birds the same bones never develop in that manner. 

The absence of a cartilaginous precursor (referable to 
tbe parabasal process) to the mammalian pterygoids does 
not, ther(>fore, constitute an insuperable objection to 
homologising those bones with the reptilian pterygoids. 

As a matter of fact, however, the invariable absence of 
.a cartilaginous precursor to the mammalian pt('rygoid 
whil'b has been assumed her(>tofor(' for thE' purposes of 
argument is not an assumption consonant with the facts, 
and it is even arguable that the cartilagr associated with 
the early development of the ph'rygoid in certain mam­
maIF! iR homo]ogollF! with portionF! at lea'lt of the parah8~1 
process. 

Gaupp states that Fawcett in 1905 dE'scribed the hamulus 
-of the human ptE'rygoid as being developed from cartilage 
and that "Preformation of the pterygoids in cartilage is 
found by Wincza (1896) in Brinaee"s europaw, by E. 
Fischer (1901, 1903) in ToJpa eU"opaG, Maeacus cyno­
molgus, Semnopitk6(,lIS matlrUs, aDII that he can confirm it 
in Mus musculus." It therefore occurs in both primitive 
Talpa and highly-developed mamma]&. 

Compare with this the fact that in several rf'ptiles, 
Lacerta (Gaupp, 1910) and Agama and Chamaeleo (Broom, 
1903), the anterior portion of the parabasal process is 
divorced from thE' quadrate, and thc ptcrygoid develops in 
relation to it, and we have the basis of our argum('nt in 
favour of the homology of the cartilaginous precursor of 
the pterygoids (set Fig. 18 antea) in the two clas8(>8. 

(c) T __ secUona tlt,...h SI_lIar a .. IOBI of Varlaa. Sa.repaId 
ad. lIa .. _alIaR. B .... and .Aptern. 

So many arguments against the homology of the mam· 
malian and reptilian pterygoid8 have now been shown to 
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be without real weight that it is hardly necessary to 
detail facts of morphological relations in favour of the 
homology. 

Rather than run the risk of wearying my readen by 
the recapitulation of facta of comparative anatomy and 
osteology with which they must be already fully familiar, 
I offer for comparative study a series of outline tracings. 
of transverse sections of various mammals, reptiles and of 
Apteryx (Figs. 45 to 49), being aatided that the juxta-

W~;--:·"· 
" 11m 4#If • COr. • • pt. IIIr. 
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Filure 45.-Three SectiODS throUCh the basisphenoid aD4 
pterygoid of Echidna (from Gaupp, 1910). 

Figure 46.-8tmilar SectiODS through the head of Per.mel. 
(from Gaupp, 1910). 
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position of these drawings presents a case in favour of the 
homology of the bones in the three classes 80 strong as 
to be practically irrefutable. 

o art. ca,.. j",. 
prot. h'l,t. 

~ pt. 
Figure 47.-Similar sections through the head of Emys lutaria 

I(from Kunkel, 1912). 
Figure 48.-Similar section through the head of Delma 

!(origlnal). 
Fi,care 49.-Similar section through the head of Apteryx 

-(from T. J. Parker, 1891). 

I. The Mammalian aDd Sauropeiclan Ptel'1goid and the 
Iehthyo .. idan Parasphenoid. 

(a) WatHa'. a-t CrltlcI_ .f th .. T..... (1111). 

Before entering on the discu'lsion of this foubject, it 
were well to briefly recapitulate the facts establish('d in 

1he previous sections. They are:-
(1) The para basal process of the sauropsidan quadrate 

cartilage is homologous with the pedicle of the sub­
ocular arch of the amphibia and cyelostomes, and 
not with the palatine or palato-pterygoid portion 
of that arch. 

~2) The metapterygoid of the teleoc;h, the pterygoId of 
the amphibia and the ectopterygoid of the reptiles 
are homologous bones. 
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(3) As a corollary of both these conclusions, the ptery­
goid of the reptiles is not homologous with th~ 
pterygoid of the amphibia. 

(4) The pterygoid bones of the reptiles, birds and 
mammals are homologous bones. 

Of course, it is not claimed that the above concluaiGDs 
are proven; it is very keenly realised that none of these­
questions are capable of proof. Complete proof of any 
statement of development in biological science depends 
upon the actual observation of the sequent stages in the 
development, in questions of phylogenetic development 
(this is, in the nature of the problem, impossible), and the 
ultimate acceptance or rejection of any hypothesis put 
forward depends largely on the personal equation in the 
evaluation of evidence mainly, if not entirely, circum­
stantial. 

It is, however, claimed with confidence that in thc previous 
pages the facts of development and morphological relation­
ship relative to the structures discussed, have been juxta­
posed in their correct form and without distortion, in such 
a manncr as to constitute a satisfactory demonstration of' 
verity of the conclusion arrived at. 

In opening this portion of my discubSion 1 am led to, 
briefly review my last communication (Kesteven, 1919) by 
the appearance of a criticism thereof which immediately 
follows it from ~he pen of D. M. S. Watson (1919). lIe 
claims thl\t my thesis" is at once invalidated by the facts It 
which he mentions. Those" facts" are that I have been 
misled by Embleton and Atthey's erroneous account of 
~~~la::t~e..::oi Loxomma. ,The choanae, he states, are not 
far back as scribed, but situated in the small openings 
lettered A.P. on either side of the vomers). The median 
ridge labelled . is part of the paraaphenoid, "which in 
this amphibian l a long laterally compret'~d ~one sheath-



HOMOLOG .. S 01' ,.AW.D BO .... 87 

ing the lower edge of the oasified orbital septum. The 
pterygoids are clearly separated throughout their length 
and articulate by definjte surfaces with the basipterygoid 
processes which lie to either side of the referen~ line 
B.Lp.h. The bone labelled P.p.mx. is divided in two by 8 

suture, the anterior part being the palatine, the posterior 
the ectopterygoid." Unfortunately I have not been able 
to obtain a copy of either thil:! paper on Loxomma or his 
paper describing a series of labyrinthodonts, but I note 
with interest that he ('laims, and I have no doubt of the 
verity of his claims, to have described a series "leading 
from this (Loxomma) type of palate to a typicallabyrin­
thodont type with a large parasphcnoid and largt' inter­
pterygoid 'varieties'" (vacuities T). 

I stand corrected and note with interest also his state­
ment that the Rana type of palate is not the commonest 
amongst the amphibia. 

I must, however, join issue with. him when he contends 
that it is not the most primitive, for surely thc largest 
parasphcnoid must be the most primitive, since it 
approaches nearcst to the teleostean eondit'lIn, and its 
reduction in size in the Sauropsida a further advance along 
the samc lines as in Loxomma. 

Watson also states that Meek (reference not available) 
and Shiino (Anat. lIefte Bd. L. Hft. ii) have shown that 
there is a small median parasphenoid in the embryo Croco­
dilus in the usual reptilian position. I may add that 
Gaupp (1905) has also described this bone. 

The condition of the parasphenoid in the "Jurassic 
crocodile, Metriorhynchus" is all:lo quoted, and having 
found Leeds' and Andrews' papers, I shall deal with thl.' 
condition later. 

The pr('sence of a large median parasphcnoid in adult 
Dermochelys is also averred on the authority of Versluys. 



88 s. L. D8'l'a'ftDf. 

That paper I havt' not found, but having Nicks' detailed 
description of this skull 1 am in a position to deal with 
the question. 

Lastly it is noted that the vomer of chelonians is shown 
by its development to be a fused pair of prevomers. I 
have been unable to find the account on which this stab." 
ment is made, but I had already noted the same statement 
in Watson's "comments" on tht' second report of the 
Committee on Nomenclature of the Cranial Elements in 
the Permian Tetrapods (1917), and have no reason to 
doubt that what he states is correct. 

He concludes his brief dogmatic "Notes" al> follows:­
., There is, in fact, no doubt that the Loxomma palate, 
which greatly resembles that of the osteolepid fish, is the 
primitive Tetrapod type, that with only slight modification 
it ll"ads directly into the reptilian palate and by increase 
in size of the interpterygoid varieties (vacuities') and of 
the parasphenoid it passes into that characteristic of the 
amphibia, the whole process being shown in the Order 
Labyrinthodontia.. " 

Now to anaylse these" facts" seriatim, commencing with 
the last. Among the Crossopterygii, which include osteo­
lepid fishes, the only palates whose interpretation is beyond 
cavil are those of the recent species. That of Polypterus 
conforms in all respects with the normal teleoste8Jl palate. 
Of this there can be no doubt whatever. Watson's com­
parison thep is with the whole of the teleostean palates 
(perhaps excepting the acipenserids and Lepidosteus). 
In these, as indeed in Polypterus itself, the parasphenoid 
is very large and presents the crus transver&um which, 
however, owing to the impaction of the auditory capsules 
into the side wall of the cr8Jlium, extends upward instead 
of laterally, as becomes the case when the increase of the 
capsule leads to the development of the parotic processes, 
at the same level as the cranial base. 
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With the assertion that the Loxomma palate, with only 
slight modification, leads directly into the reptilian palate, 
J am in entire agreement; that was, and still is, my argu­
ment. The errOnE'OU8 description did not mislead me in 
my conclusion"l, and I am plE'ased that Dr. Watson should 
agree with me in thiM rE'spect. 

We are at variancE', however, in the intt'rpretation of the 
modification, 

The presence of mE'dian para sphenoid in thE' Loxomma 
palate between the ptE'rygoids and extE'llding back as far 
as, or nearly to the ba&i-pterygoid l'roce ... 'It's, does not in 
the least vitiate my arguments; Much a reduct'd para­
sphenoid is present between the pterygoids in all 'rept iles, 
if not in adult then in t'mbryo, the clifi'erencl''I dE'pending 
-on the degree of reduction, and I have dealt with the 
-condition in the reptiles. 

I have already stated that I am in agreement with 
Broom, and indeed, if we may quote the report Oll nomen­
-clature already reft'rred to, with Watsoll him'lE'lf in 
rf'garding the median portion of the para"php'I'1oid which 
thus persistM as the homologue of the mammalian vomer. 

I was apparE'ntly at fault in assuming the absencE' of 
a true vomer in Crocodifus. I now reproduce my own 
-cross sections of the choanal region of C. joknsonl, along­
side those of Lf'ed'l (Figs. 50, 51 and 52) of the same 
rE'gion in Metriorhynchus to ... how that (if Leed& and 
Andrew" be correct), as tht' vomer dE'velops (from the 
anterior rudiment of the parasphE'noid) it replaces the 
vomerine portion of the conjoint pterygoid in a truly 
absolute manner, from which one is justified in assumlDg 
that in C. joknsoni all three centres fuse to form the 
conjoint bone. (1 have added the palatine bone to my 
otAer sections in outl~e; the origiD'lll portion 1& bolld 
bla.k.) 
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Figure 50.-Sections through the palatine and ptecygoid of 
Crocodilus at the levels indicated in Fig. 37 (from Kestevenp 

1919). 
Figure 51.-Similar sections through Metriorhynchus (from 

Leeds, 1908). • 
Figure 52.-Portion of the palatal aspect of the skull of 

Metriorhynchus (from Leeds, 1908). 

A reference to my paper will show that this replacement 
is exactly as I conceived it might takf' place. Were I 
not more anxious to avoid a well merited charge of special 
pleadmg, I might well lay claim to a remarkable clair­
voyance, but I am loath to trust the interpretation of the 
Metriorhynchus palate, founded as it is on the "numerous 
fragments" in which the bones" were excavated" (Leedsp , 
p. 353). ~ am confident that the palate has been mis­
mterpreted. However, if herein 1 am wrong, then the 
thesis I defend is supported by the condition described 
in a truly reOlarkable manner. How Watson failed to. 
realise this fact I am unable to understand. 

The parasphenoid of Dermochelys is shown by Nick 
(1912) both in basal view and longitudinal section, but 
as Watson state&, that which I had regarded as the vomer 
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in the ehelonians is really prevomer; therefore, it folloWl, 
the ehelonians are not a group apart as I assumed, but 
fall into line with the other reptiles, and the parasphenoili 
is again referable to the true vomer. Dermochelys is, I =-have found, peculiar among the chelonians in the size of 
the true vomer. This bone has been demonstratt'd ia 
embryo in several forms. A similar error was made by 
Broom (1903), but leaves his vomerine theory of the­
parasphenoid similarly unaffected. 

Watson is, however, ~mphatically wrong when he fIItates 
that in "Crocodilus, as in all other reptilE'H, the pterygoid. 
develop in aSbociation with the palato-quadrate cartilage.' ~ 
AM I have already shown that cartilage is not present in 
any reptiles, and moreover, the bone does not even develop 
in relation to the parabasal process which has in the past 
been regarded as the homologue of the palato-quadrate. 

Though Watson advances the presence of ectopterygoids 
in the labyrinthodont skull as an objection to my thesist 

it may be pointed out that it is just as reasonable to inter­
pret their anterior situation as being due to a migration 
forward from the li>ituation of the pterygoid '11 amphibia 
as to tract.' them backward from the anterior situation in 
such forms ali> Loxomma and Pareiasaurus to their posterior 
situation in Ichthyophis and CrocodHus and batrachians. 
'fhe former hypothesis is supported by the fact that always 
the ectopterygoid is situated where it could have developed 
in ab'lociation with the palato-pterygoid or metaptecygoid 
procelils, whilst the reptilian pterygoid never occupies such 
a position. 

Watson, in the concluding paragraph of his "Notes,H 
assumes the.median position of the pterygoids as primitive, 
and their lateral position in such forms as Rana as second­
arily derived from the median position by increase of'the 
interpterygoid vacuities, and the bo~es in both forms as 
homologous. 
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This is an assumption entirely at variance with the 
lmown facts, for it is demonstrable beyond reasonable cavil 
that the primitive position of the subocular arch was al 

at preRent in the eycloltomes, teleosta and recent 
.amphibians, and that therefore the primitive situation of 
bones related to that arch developmenta])y was also, a8 
in t~ forms, lateral, not medial. 

Be it noted this is not in any sense a contention that 
the median situation of the pterygoids, in whatHOever 
found, is not the primitive condition or directly tracE'able 
to a primitive conditlOn. In this respE'ct Or. Wat&on and 
I are in E'ntire agreement. My contention i& that thE'Y are 
derived from a me<han para"phE'noid, and that thE're are 
no laterally placed pterygoids. Dr. Watson would Flay the 
pterygoids are laterally placed, \videly separated bone... in 
thp fishes and most of tht' amphllllans, but tht'y are placed 
-close to the midline, often having a common median suture 
in some amphibians, all reptiles, buds and mammals. In this 
he is in accord with accepted teaching. Written baldly 
as above it &eems almost incongruous. 

In order to put Watson's hypothesis on a baRis consonant 
with the facts of the evolution of the subocular arch, it 
would have to be t'xtended somewhat as follows :-In the 
primitive tetrapod palate the RUbocular arch and its asso­
ciated bones had come to lie against the side of tht' skull 
base. In the development of the palate of the Rana type .. 
there has b~en a return to the primitive arch-vertebrate 
condition. The parabasal condition of its ance&tor, the 
primitive tt'trapod, being entirely dropped out of its onto­
genetIc hi",tory, Jl.].though both the cyclostome and tt'leostean 
phases are clearly retained. 

Such an extended statement of his hypothesis (which is 
the only one which can in any way bring that hypothesis 
into line with the facts of ontogeny and of phylogt'ny as 



evidenced in the series of ontogenies) itself constitutes a 
refutation of and "at once invalidates" the hypothesis. 
It is apparent thllt the whole thing depends on the inter­
pretation of the peculiar Loxomma type of palate and 
his labyrinthodont series, and is without one tittle of 
evidence in its support from any other direction. 

(h) I_tane .. of z,. ..... n11 A.,. .... B ... 010 .... BI_at .. 

There is abundant evirlenct' that there is nothing inher­
ently objectionable in the hypothesis that a median bone 
in one form may be represented by completely homologous. 
paired elements in another. Both parietals and frontaIs. 
are described as azygous elements in some forms and as 
zygous elements in others, and regarded as homologous 
structures; examples are 80 numerous as to need no citation. 
Gaupp has contended that the true reptilian vomer (para­
sphenoid) ossifies from two centres, and is willing to recog­
nise the paired mammalian pterygoids as homologous with 
this median bone. "In man the vomer arises as a pair of 
small elements below the nasal septum . . . . in most 
mammals .... it arises by a single centre" (Watso14 
1917) and the homology of the bones Within the mammals 
is not, so far as I am aware, in question. The basi'lphenoid 
ossifies from two centres in Crocodilus (Parker, 1885) 
from one in most reptiles, and from two in some mammals. 

This being so, it were inconsistent to advance the dual 
nature of the reptilian pterygoids as a valid objection to 
regarding them as derived from the median ichthyop1Jidan 
parasphenoid. 

(0) Th. MOI'PhoIolrIcal .... tIouIIlpa of the Ra .. 111 Pal.tlaal Menl Facial .. 
.... the IlItemal Carotid Arte.,.. 

These are important morphological relationships which 
call for careful study. 

In the amphibia the ramus palatinus nervi facialis 
eomes to lie between the parasphenoid and the mucous. 



membrane of the palate. It attaina this position by swing· 
ing rOlmd the lateral edge of the bone in an antero.mt"dial 
direction after its emergence from the otic capsule. As 
far as I am aware it never perforates the parasphenoid. 
In the reptileE. this nerve lies abovE' the pterygoids in 
those forms where they meet in the midline, and medial 
to them when, as in Delma and Lacerta they (the bones) 
are thrust asunder. 

The internal carotid artery in young embryos of Limno· 
dynastes peronii perforates the basal plate on either c;ide 
of the posterior limit of the hypophysis. No other c;truc· 
ture passes through the cartilage with them, the palatine 
branches of the facial nerve, here lying at a lower level 
and farther from the midline. In young adult Hyla aurea 
I find that the artery, which branches inside the cavity 
on either side of the hypophysis, and which is therefore 
the internal carotid, enters the cranial cavity below the 
-emerging roots of the seventh nerve without perforating 
the parasphenoid. Whether it be the same ves<lel carried 
outwards by the development of the medial portion of the 
brain case floor, I have not the intermediate material to 
decide. 

As previously stated, in the Teleostomi the course of the 
nerve is variable. Thus Allis (1897)-"The ramus Pilla. 
tinus facialis arises from the ventral surface of the 
trigemino.facial gan.glion towards its median edge. It runs 
downward alld forward in the upper lateral chamber of 
the eye muscle canal, and passing through the palatine 
foramen, enters the palatine canal betweeD the para· 
ephenoid and tlle ventral surface of the cartilaginous 
cranium" in Amia ca~tta. Herrick (1899) says: "Stannius 
.tates that in fishes which have a well-developed c;ubcranial 
oCanal ("tUgeDDl"l canal") the r. palatiuus traverses 
it on the ay to t. ;"outh. This certainly does not apply 
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in the case of Menidia. The subcranial canal is well 
developed, but the r. palatinus does not enter it, but runco 

ilong the outer side of the canal, not the inner, as Stann ius 
describes in his types." 

Regarding the reptilian pterygoids as the para&phenold, 
the position of the nerve between them and the basis­
phenoid would therefore represent the condition pre'ilent in 
.A.mia and the typE'S de'ilcribpd by Stannius. 

Considered from the other point of view and assuming 
that the reptilian pterygoid is the amphibian, as in Rana, 
drawn towards the centre till it articulates with baSIS­
phenoid, as in chelonians. The pterygoid at its attach­
ment in Rana to the metapterygoid process is on 8, mor­
phologically higher plane than the foramen of exit of the 
facial nerve, so that as it, maintaining its posterior attach­
ment, becomes drawn towards the centre, it should pass 
above the nerve, which, therefore, should in the Reptilia 
lie below, not above, the bone. 

Of the internal carotid artery in Amia calva, Allis (I.c.p. 
498) says: "The internal carotid artery enters the palatine 
canal between the parasphenoid and the basis cl ... nii, and 
.after crossing the palatine foramen, turns upward into 
the internal carotid canal and enters the cranial cavity 
under or median to and in front of, the optic nerve of its 
.own side." His drawings, than which I know no better, 
indicate relations to the cranial elE'mE'nts and to the hypo­
physis of thE' artery and vem &trongly recalhng the rela­
tions demonstrated later in chelonia. 

Gaupp (1905, 1910) has already &bown that the course 
of the nerve is variable in the Mammalia, as prevlously 
quoted. 1 have now to pomt out that it is equally variable 
in the reptiles. • 

In Delma (Figs. 53, 57) I find that the ramus palatinus 
nervi facialis, after its emergence from the geniculate 
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F:agures 53 to 57.-Transverse sectIons through the head of 
Delma, shoWIng the course of the r. palatim nerve vii. and the 
Internal carotid, cerebral and palanne arteriel (original). 

ganglIon in a fossa on the outer slde of prootic (Fig. 53), 
lJnmedlately tunnels that bone downward, forward and 
medially to reach, at the articulation between the prootio 
and b8S1sphenoid, a vessel which is certainly the internal 
carotid artery (Fig. 54). Immediately on the outer aide 
of the prootic in this region there is a vein of considerable 
Slze whlch 18 probably the external jugular vein. The 
artery hes pa~tly 1mbedded In the two bones, which artiou­
late above It at the point where it is joined by the r. 
palatInus. The two struotures lYing side by side tunnel 
forward and medially through the substance of the basi­
sphenoid, the artery lying always to the inner side of the 
Dene, and come to lie on either aide of the midline in what 
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'W8Uld appear to be Gaupp's parabasal canal. At the pos­
Urior limit of the pituitary body the artery divides into 
two branches; the cerebral artery passes towards the mid­
line and upward through the bone to enter the brain cavity 
at the hinder level of the hypophysis, whilst the palatine 
eontinues forward to the inner Side of the nerve exactly as 
the internal carotId does up to its branching. Flgure 55 
MQWS the structures just at the posterior commencement 
of the division of the artery. 

At the transverse It''vel of the basipterygOid proce ... ~ the 
llerve and palatine artery are found in tht" .. arne situation 
with the vein lying in a groove on its upper surface (Fig. 
56). Immediately in frGnt of the process the artery lies 
under the rostrum basisphenoidei, the nl'rve alongside of 
it and the vein immediately to the outer side of this, the 
last being situated just above the anterior flange of the 
process (Fig. 57). Traced further forward, the three 
structures are to be found lying just above the mucou~ 
membrant' of the roof of the mouth, to the inner side of 
the pterygoid bone. The division of the common carotid 
into internal and external lies at approximately I he same 
horizontal level as the internal carotId, &8 &bown In Fig. 
5S, but almost at the posterior limit of the otIc capsule. 
'The ramus palatinus gives off a branch caudad at the 
point wht're it fir'!t reaches the artery, or at that point 
receives a bundle of ('Iympathetic') fibres which can be 
traced back above and somewhat to the inner side of the 
.common carotid artery, their J1}timate distribution ( or 
(origin') I have been unable to determine. The other 
main branches of the facial nerve arise direct from the 
ganglion in the fossa above described. 

In Varanus I have determined by dissection an essenti­
ally similar course for the ramus palati2\u8, but have not' 
c1etermined the lituation of the related blood-vessels. 

6-3 • ., 1. \III, 
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In CAez.o,w,. mAdaB (.ev Ch6lotU 'fJmit) I find hJ di ... 
aection that the facial nerve issues from the antero-ventral 
aspect of the prootic, and the ramus palatinUi turu 
forward along the under surface of the bone. I haV& 
already drawn attention to the groove formed for th& 
reception of the branches of the nerve (Kesteven, 1910, 
p. 379) as they pass back and forward. Orossing th& 
cartilaginous synchondrosis between prootio and basi­
sphenoid, the nerve passes forward and ventrally along the 
inner wall of what (1.0.) I termed the jugular oanal. It 
thus comes to lie on the lateral surface of the basisphenoid 
just below the post-clinoid eminence. The canalis abducen­
tis in the root of the post-clinoid process lies almost directly 
above it, separated by the thickness of the basisphenoid. 
Continuing forward and descending a little it lies against 
the lateral surface of the rostrum basisphenoidei. At the 
root of the rostrum it orosses the cerebral artery where that 
enters the so-called parabasal canal to reach the cranial 
cavity in the 1I00r of the sella. The dissection from which 
the above description is drawn was made several 
years ago, and though the notes thereon are quite clear­
as to the course of the nerve, they are ambiguous with 
reference to the vessels. In the region of the emE'rgenee 
of the branches of the facial nerve, that which I have 
termed the jugular canal undoubtedly corresponds to. 
Gaupp's parabasal canal, if the contained structures may 
be taken as determining the matter. In Chelone then, the 
parabasal Canal lies between the basisphenoid on the inner 
side, the prootic above and the pterygoid bone below and 
on the outer .side. At its origin there can be no doubt 
that the ramus palatinus lies above and to the outer side 
of the internal carotid, which enters the canal alons ita 
blner wall after having perforated the substance of the 
II basitympanic" (Kesteven, Le.) portion of the pterygoid. 
A large vein, which is probably the same as that which 
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I have provisionally designated external jugular in Delma, 
enters the parabasal canal from its outer side behind. It 
is probable, then, that these relations are maintained at 
least to the anterior £'nd of the rostrum basisphenoidei, the 
internal carotid giving place to the palatine artery in front 
of the point of this division. I have drawn a reconstruc­
tion of portion of a cross-section at the level of the root 
of the post-clinoid process (Fig. 58). 

prM. ,,,1. 1Jf1r• 

'·'·111 ____ 11+ 

". 1Jal. 

Figure 58.-A reconstruction of tihe canalis parahasaUs and 
contained structures in Chelone midas (original). 

Figure 59.-A schema of the parabasal canal and its branch 
(original). 

Gaupp (I.e., 1905, 1910) describes the situation of the 
r. palatinus in Lacerta, and apparently it resembles closely 
the situation in Delma and Varanus. He states, however, 
that in the tortoises the canal contains only the arteria 
carotis interna; here, it seems, he falls into error. 

I have schematically indicated above (Fig. 59) the 
canals in Delma. In the posterior portion (canalis para­
basalis posterior) the arteria carotis interna runs forward 
alongside the r. palatinus. Just at the posterior limit of the 
sella and basi-pterygoid process, the <lanal branches and 
the cerebral artery (or carotis interna cerebralis) leaves 
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the nerve, which continues forward in the anterior porti.n 
of the C8D81 with the palatine artery, to its inner lide. 

Now a perusal of my description of the course of the 
nerve and a.rtery in Chelonia must at once convince that 
it is the canalis arteriae cerebralis that transmits the carotid 
artery just as in Delma, and that a true canalis parabasalis 
is present in Chelonia between the pa.rasphenoid and ptery­
goid. 

Further, Gaupp is apparently in error when he claims 
that the parabasal canal does not tunnel the substance of 
the basisphenoid, for in Delma it enters that bone quite 
behind what must have been the posterior limit of the 
vomerine remnant of the parasphenoid. I have not seen 
Siebenrock's paper (quoted by Gaupp), but it appears 
probable that he correctly describes the branch of the 
parabasal canal, which I have termed canalis arteriae 
eerebralis. 

Kunkel says (1912), "The ramus palatinus nervi facialis 
arises from the lateral aspect of the ganglion facialis and 
passes in a ventro-median direction round the free edge of 
crista 8ubstapedialis and then turns in an anterior direc­
tion in the sulcus palatinus, which is medial to the radi­
mentary processus basipterygoideus on the ventral side 
.of the basal plate. (His crista substapedialilo IS the lateral 
margin of the basal plate where it underhanglo the otic 
capsule in the an\erior and middle thirds thereof.) In his 
Figure 20, .reproduced (Fig. 46), the nerve 18 shown lying 
on the inner side of the crista basipterygoidea WIth the 
inner end of the os pterygoideus below it. 

In parenthesis, Kunkel describes an os parasphenoideum 
which appears only after all the other membrane bones 
are well established. It commences as a tripartite bone, 
the twp lateral ~ of which embrace the .talk of the 
hypophysis at tile same time as oaaiftcations in cartilqe, 
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and early become fused with the basisphenoid. One may 
remark in this connection that, embracing the stalk of the 
hypophysis, these are surply on a higher level than the true 
parasphenoid, which lies below the hypophysis, and thE'ir 
appearance in point of time along with the ossifications in 
cartilage is a significant coincidence. 

Sufficient has now been describE'd and quoted to demon­
strate the variability in position of the ramus palatinWl. 

It is significant, however, that in the chelonians this 
nerve and the accompanying intl'rnal carotid artery IiI' 
between the basisphenoid and pterygoids in the same mor­
phological situation as the nerve and artery between 
paraRphenold and cartdaginoll'l cranium in the teleosth, 
and also in the same manner as further forward it lip!!. 

between vomerine remnant of the parasphenoid and basi­
sphenoid in the early embryo of Lacerta. 

Having now carefully reviewed the course of the palatine 
nerve and the internal carotid artery in so far as my 
knowlpdge of the literature and my material enable mt', 
I beliE'vt' that, as the advocate of the hypothesis. 1 can be 
accused of nothing more than extreme moderation "hen 
I contend that these varying relationo;;hips do not in any 
way contra-indicate the homology of the Tchthyopsidan 
parn.phE>noic1 anel sauropsidan and mammalian pterygoiih •. 

7. The Development of the Reptilian Pterygoid. in Relatioll 
to the Paraha .. 1 Precess. 

Writmg the beading for this section of my paper I 
inadvertently wrote sauropsidan for reptilian; making the 
correction, I was at once struck with the truth that therein 
lay one of the most important facts in this connection:­
The avian pterygoids are not developed in association with 
the parabasal proeeltl, and yet their homology with thtt 
reptilian pterygoids hall' gone, and probably will go~ 

unchallenged. 
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We have also seen that without reasonable doubt tile 
parabasal process of the quadrate in the two forms is 
homologous, and this also has gone unchallenged as far 
u I am aware. 

How comes it then that bODE'S undoubtedly homologous 
are commonly developed in one claS8 only in association 
with a cartilaginous structure which is prelocnt in both' 

Which of these two conditions i'l primitive and which is 
secondary' 

The question is introduced here in order that it may be 
discussed in its bearing on thc proposal to regard as 
homologous the amphibian parasphenoid and reptilian 
pterygoids. 

It is thought that it may be contended that inasmuch 
u the reptilian pterygoids are commonly related to the 
parabasal process, whilst the amphibian parasphenoid is 
associatE'd with the cranial basal plate, the two bones can­
not be homologous. Such a contention i~ so apt that the 
matter calls for Rome examination in order that We may 
arrive at a decision as to its real valuE'. 

In the first place it may be pointf'd out that, mutattl> 
mutandis, a difficulty of a very similar nature lies in the 
way of regarding as homologoUl~ the pterygoid bones of the 
birdR and reptiles: one i" and the other h. not developed 
in aS'lociation with a cartilaginou~ &tructure prC'lt'nt in 
both, yet their homology inter se is not questioned. 

Again, thl' 'palatine bone of the teleostean fish and some 
amphibla is developed in association with the anterior 
portion of thE' palato-quadrate procf'SS; in other amphibia, 
in lacertilians, in chf'lomans, in birds, and in mammals, 
these boneh are developl'd in a,&ociation with the basal 
plate of the nasal cap:,ule. Here also we are led by the 
weight of other evidence to agrf'l" that the bones are 
homologous. 
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If then, it should be decided on the weight of other 
evidence to regard as homologous the parasphenoids of 
the amphibians and the pterygoids of the reptiles, we do 
not in this respect create a new precedent. 

It would appear to be not' improbable that the associa­
tion of the reptilian pterygoid with the parabasal proceRs 
is a secondary condition. This, quite apart from any 
decision as to the origin of the pterygoids from the para­
aphenoids, which, of course, involv('s such an as .. umption. 

The parabasa] proceRS i.s present throughout th(' Amphibia, 
Reptilia and AveR, and amongst all these it is onl~r in 
.(ll'rtain r('ptiles that any hony t']l'ment is iJl'vt']opmt'ntally 
definitely associated with it. 

In the face of these foregoing facts, we are justified in 
a!l8erting that there is no evidence that the association of 
the pterygoids in certain reptiles with the parabasal pro­
-cess is a primitive condition departed from in the birds 
and mammals. 

8. Conclusions. 

Having now carefully rt'vicw!'d the facts rl']ative to the 
-questions which have bt'en herein discussed, it appears that 
the long-accepted view ab to th(' homology of amphihian 
and reptilian pterygoid bones restt'd on an assumed associa-
1 ion of the lattl'r with thc palato-quadrate portion of the 
Hubocular arch. This assumption is now shown to he 
t'rront'ous. The recent attl'mpt to support the old idea 
by quotation of series of labyrinthodont palates (quite 
unsupported as it is by other evidence, and depending 
only on the personal equation in deciding lit which end of 
the series the comparison shall commence) is very uncon­
'Yincing. Since the" Argument in Brief" summarises the. 
present contribution, the .conclusion m~ now be stated 
~uite baldly. 



(1) The reptilian pterygoid process or p&rs-palatiQ 
of the palato- or pterygo-quadrate cartilage is Ilot 
in any way homologous with the palato-pterygoid 
or palatine portion of the amphibian or teleostean 
palato-pterygo-quadrate arch. 

(2) The reptilian pterygoid process is homologoua 
with the "pedicle" of the amphibian palate­
pterygo-quadrate arch, and the name para.b_ 
process is now propQSed for both structures. 

(3) The metapterygoid process of the teleostean sub­
ocular arch is homologous with the shaft of the. 
suspensorium in the Amphibia. 

(4) The metapterygoid bone of the teleosts, the­
pterygoid bone of the Amphibia, and the ecto­
pterygoid bone of the reptiles and labyrinthodont&. 
are homologous bones. 

( 5 ) The pterygoid bones of the reptiles, birds and 
mammals are homologous bones. 

(6) The pterygoid boneR of the Sauropsida and 
mammals and the parasphenoid bones of the 
Ichthyopsida are homologous bones. 

(7) Broom's identification of the reptilian para­
sphenoid, anterior remnant of the amphibian 
parasphenoid, as the mammalian vomer, ill 
accepted as correct. 
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Index to Abbreviations used on the Figarell. 

ant. tip elm. proc.-anterior tip art. cer.-arteria cerebraHs. 
of the clInOId procua. art. pal.-arteria palatina. 

ar.-articular. b. sph.-basisphenoid. 
art. car. ex.-arter;lt .,..rotis ex- can. abd.--canalis abducentis. 

terna. can. art. cer.--canalis arteriae 
art. car. int.-arteria carotis in- cerebralis. 

terna. can. pa. ant.--canalis parabasa-



HOMOLOGI •• 01' I'AL&TIG 11011 ••• 107 

lie anterior. p. op.-pre-operculum. 
ean. pa. post.-eanalis parabasa- p. or.-pre-orbital. 

Ii. posterior. p. pt.-pteryl'O-palatine. 
caps. aud.-auditory caplUle. pa. sph.-parasphenoid. 
eer. hy.-eerato hyal. pal. pt. proe.-palato-pterygoid 
eol.-eolumella auris. process. 
eon. oee.-occipital condyle. pal. qu.-palato-quadrate. 

er. ba. pt.-erista basiptergoidea. pars. lat. eth.-pars lateralis 
cr. parot.-erista parotica. ethmoidei. 
ci.-dentary. pg.-pterygoid bone. 
ect. pg.--ecto-pterygoid. pila. proot.-pila prootiea. 
e. ot.--epiotic. pro ot.-prootic bone . 
.api. pt. proc.--epipterygoid pro- proc. al. par.-processus alisphe-

cess. noidalis parietalis. 
f.-frontal. proc. b'pt.-processus basiptery-
fen. ba.-fenestra basicramalis. goideus. 
fen. hy.-fenestra hypophyseos. proc. E'pipt.-processus epiptery­
fen. suboe.-fenestra subocula- goideus. 

TIll. proc. pa.-processus parabasa-
fOT. proot.-foramen prooticum. lis. 
gang v.-ganghon V. ps.-parasphenoid. 
gang vii.-ganglion vii. pt.-pterygoid bone. 
hy. m.-hyomandibular. pt. f.-post-frontal. 
hy. p.-hypophysis eerebri. q.j.-quadratojugal. 
i. h. m.-inter-hyomandibular. qu.--quadrate. 
i. op.-inter-operculum. r. pal. vii. and r.p. vii.-ramus 
incis. proot.-incisura prootica. palatinus nervi facialis. 
ju.-jugal. root vii.-root nervi facialis. 
memb.-membrane. rost. aph.-rostrum basisphenoi-
meso pg.-mesopterygoid. dei. 
mk.-Meckel's cartilage. so.-supraoccipital. 
mt. pg.-metapterygoid bone. s. op.-sub operculum. 
mt. proc.-metapterygoid pro- s. or.-suborbitals. 

cess. sq.-squamosal. 
n.-nasal. sym.-symplectic. 
op. cond.-opercular condyle. taen. syn.-taenia synoticum . 
.ophth. sup.-nervus ophthalmi- trab.-trabeculae. 

cus superficialis (or its fora- vena jug.-vena jugularis. 
men of exit). vein.-an undetermined vem. 

orb. pr.-orbitar process. vo.-vomer. 
os.-orbito-sphenoid. ii.-Nerve 1i. 
op.-operculum. v.-NeIVe v. 
ot. lab.-otic labyrinth. vi.-Nerve vi. 
ot. proc.-otic process. vii.-Nerve vii. 
p.-palatine. v. brs.-branches of NE'rve V. 
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THE PARABASAL CANAL AND NERVE FORAKINA 
AND CANALS IN THE BIRD SKULL. 

By H. LEIGHTON KESTEVEN, D.Sc., M.D., Ch.K. 

(Read before lhe Royal Socie" of NS. Wales, lrily 1, 1925.) 

Much of what is herein described and illustrated bu 
already been recorded. Both Coues (1903) and Gadow 
and Selenka (1891) have described in general terms the 
situation of the various nerve foramina in the fowl, and 
the anterior and posterior openings of the parabasal canal. 
There is, however, a want of detail not only in the text 
but also in the illustrations, that renders the whole un· 
satisfying to the investigator requiring exact information 
as to the relation of these apertures to the bones of the 
lkull for comparative craniologieal study. The course of 
the parabasal canal aud the communication of this and a 
canal from the aqueductus fallopii in the substance of the 
basis cranii, has not heretofore been described, neitht>r has 
the aqueductus fallopii itself. 

Among the brief comparative notes relative to other 
birds, attention may bl' drawn to the statement that the 
olfactory nerves in the emu pass through a true cribri· 
form plate. Coues (I.c.)quotes Owen as his authority for 
the statement-" T~ exit (of the olfactory nerve) is 
through a sie"e·like or cribriform plate only in Apteryx 
and Dinornis." 

Attention is also drawn to the correction of prt>viou8 
descriptions of tire situation of the stapes and membrana 
tympani secund~ 

• Part I. 
Fowl and turkey &kulls were dissected; no differlDC. 

were Qb&erved. 
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The periotic, occipital, and basieranial bones are much 
thickened and cancellous. Where this cancellous bone lOS 

traversed by soft structures, those structures are en­
sheathed in tubes of condensed bon~. 

On the ft.oor of the cranium, just within the foramen 
magnum, and perforating the basiocclpital, there are on 
.each side two small foramina (Fig. 1, nv. xii) , a branch of 
the hypoglossal nerve passes through the more posteriOil' 
'Of these. Their external apertures will be found on either 
side of the condyle. 

b. 

b. OC. Nv. zii. 

FIg. 1.-Cranial floor of the Fowl. 

'ou. 01. 

• v. 2,3 

. br, z, 

zl. 

There is reason to beheve that a smaller branch of the 
II&me nerve passes through the other foramen, and that the 
two canals are conftuent, and have but a single external 
orifice, but this cannot be as'Ierted with confidence. 

A little further forward and further to the sides, in th~ 
petrosal bone, there is a deep foslI& (Fir. 2, nv. ix, x, xi). 
Tm. f_ lodges the gloue-pharyngeal and vagus guglia. 
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There are two canals leading to the external aurf&ce from 
the depth of this fossa. That which is the vago-accessory 
foramen reaches the surface lateral to the hypogi0l88.1 
foramen. The other "glo880-pharyngeal" foramen will be­
found on the median edge of the fossa parabasalis (tittle 
i"./N). 

Fig. 2.-Cranial lide wall of the Fowl. 

The inter_al auditory meatus, at a little higher level 
and in front of the ganglion fOBBI, is perforated for the 
facial as well as the two branches of the auditory nerve. 
The two foramina for the eighth nerve (Fig. 2, nv. viii.) 
are placed above that for the facial (nv. vii.). The 

o 
auditory l!erves have but a short course to their destina-
tion. The facial nerve has an interesting journey to the 
surface; it will be followed later. 

Immediately above the internal auditory meatus, the 
deep floccular fossa may be seen (Fig. 2, floc. fo88.). It 
contains only a meningeal tag (Aracnoid). 

Just in front of the internal auditory meatus, the side 
wall of the cranium falls away to make room for the 
olfactory lobes and c~ebral hemispheres. The olfactory 
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fOlsa is clearly defined from that for the cerebrum by. 
low ridge along its upper limit, and a further enlargement 
of the cavity above it (Fig. 1, fOBS. 01., foss. eer.). 

A shallow depression on the floor of the olfactory fossa 
lodges the gasserian ganglion (Fig. 1, fOBS. gas.). The­
gasserian fOBSa is perforated on its outer side by a double 
foramen (Fig. 1, nv. v. 2, 3), the foramen prooticum, 
or foramen ovale of mammalian craniology. It transmits 
the second and third branches of the trigeminal nerve. 
The double external aperture will be found in front of the 
tympanic fossa (Fig. 3, nv. v. 2, 3). A single foramen 
is also present entering a short canal which leads forward 
from the front margin of the gasserian foss&. This tran .... 
mits the first branch of the trigeminal nerve. The anterior 
opening, though within the cranial cavity, just to one side 
of the sella, is the foramen rotundum of mammalian skulls 
(Fig. 1, nv. v. 1). 

The internal opening of the abducent canal is situated 
on either side of the midline behind the sella. The eanal 
runs directly to the external opening below and in front 
of the foramen rotundum, on the edge of the sella (FIg. 
1, nv. vi.). In Figure 1 a bristle has been passed through 
both the last two canals. 

The sella is remarkably deep, extending back in ~he 

substance of the basisphenoid almost as far as the lllternal 
aperture of the abducent canal. At its depth two short 
canals lead back and outward to the parabasal canals, to 
be described later (Fig. 2, can. art. cer.). 

The tympanic fossa presents several featureg of interest. 
The well·defined bounding walls are mterrupted by two 
incisurae. The anterior or quadrate incisure (Fig. 3, incis. 
qu.) 1S almost madE' good bY' the otic process of the quad":. 
rate when that is in position. The little glenoid cavitT 
(Fig. 3, glen.) for the head of the otic process is placed 
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in the overhanging broken wall The proeeu rests upoJl 
the broken lower edge as it crosses it 'I,() reach the body of 
the quadrate. There is a small p888lge left between the 
-otic process and the cranium. at the lower marrin of the 
quadrate incisure. 

The inclI;ura posterior interrupts the posterior wall at 
.a slightly lower level than the quadrate incisure. 

Within the fossa several apertures are evident. Of these, 
that whioh is situated immediately behind the quadrate 
-glenoid, is the fenestra rotunda (Fig. 3, fen. ro.). Below 
.and behind this is a smaller foramen, in some skulls very 
.bvious, in other. smaller. A ligament, attached distally to 
the membrana tympani and extra columella, burrows into 
the bone through this foramen (for. Hg.). 

At a lower level still and a little further back (it is 
depicted a little too far forward in the drawing) is the 
fenestra ovalis (fen. ov.). Below thia again the fossa 
atends deeply inward and forward. By a ridge on the 
hanging wall this recess is divided into upper and lower 
portions. The upper comp~ent ends blindly; the lower 
is the bony eustachian passage. The external aperture 
.f)f the eustachian canal is found beneath the root of the 
rostrum basispbenoidei (Fig. 3, ext. ap. eust.). 

Throughout this paper the flpenings named feneRtrae 
rotunda and ovahs, are of a truth fenestrae ad fO<Jllulu 

• fenestrarum r.otundat' et ovalis, the stapes and membrana 
tympani secundaria being deep within the two fossae. This 
statement, dIstinctly at variance with previous deRcriptions, 
has been verdled. by several dissections. 

Immediately in front of and below the fenestra rotunda, 
ture is a small foramen (Nv. vii., 1). This is situated 
at the fore end of a ridge which passes back below the 
fenestra rotunda and above the fenestra ovaUs, and there­
fore above the stapes and columeu.. The J'idge in questiOJl 
is hollow and is in part the aqueductus fallopii. 
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On the posterior aspect of the skull, immediately to the 
inner side of the posterior incisure of the tympanic fossa, 
there is a small deep fossa which has already been referred 
to under the name of fossa parabasalis. Besides the ex­
ternal aperture of the glosso-pharyngeal canal, already 
described, on its medIan boundary, there are two other 
openings in the fossa. The lower of these is the posterior 
opening of the parabasal canal; the other is the external 
aperture of the aqueductus faUopii. 

The anterior aperture of the parabasal canal will be 
found above the external aperture of the eustachian canal 
and a little further back from the midline. It lies 
directly below the side wall of the sella about the centre 
of the antero-posterior length of the open portion (Fig. 3, 
par. can.). 

Nv. VII. 

Pea. ro 
poet. ap. par 

aDd Nv. VII. Z 

Fig. S.-Outer view of cranium (If Fowl from the side. 

Having now fixed the various internal and external 
apertures of the parabasal canal and aqueductus fallopii 
and related canals, their course may be describt'd. 

From the internal ., facial" for_amen: the aqueductus 
fallopii with its contained facial nerve, passes first down 

H-J1ab' I, 1911. 
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out and forward for a short distanoe, and then turns up­
.. rds and out (laterally) to join the canal within the 
hollow ridge between the two fenestrae. There is an 
increase in the calibre of the canal Itt the aunction, and 
the main part of the nerve, increased in size, turns back 
and issues from the posterior aperture of the aqueduct in 
the parabasal fossa. A smaller branch turns forward and, 
issuing from the small aperture on the fore end of the 
ridge, passes inside the otic process of the quadrate in the 
lower limit of the quadrate incisure and joins the second 
and third branches of the trigeminal. nerve as they issue 
from the foramen prooticum. Apparently there is a com­
munication between the hyomandibular division of the 
seventh and the glosso-pharyngeal nerve in the parabasal 
fossa. The hyomandibular trunk comes forward through 
the posterior incisure and runs down round the hinder 
wall of the tympanic fossa, external to the membrana 
tympanica. It may be that a branch from the hyomandi­
bular division enters the parabasal canal with the internal 
carotid artery. The two structures are in sufficiently close 
juxtaposition to permit the palatine branch to reach the 
canal in this manner. 

Just before the aqueductus fallopii bends up towards the 
internal wall of the tympanic fossa, a delicate bony tube, 
passing down medially and slightly forward, connE'cts with 
the parabasal canal. This delicate tube carries nerve 
fibres, probably the palatine branch of the nerve. 

lt is believed that the geniculate ganglion is situated at 
the junction of the deep and superficial portions of the 
aqueductus fallopii, where the nerve was observed to in­
-crease in size and branch back and forward. 

The point of this division is above and alitrhtly in advance 
·of the fenestra ovalia. The anterior branch of the facial 
lIel'Ve doubtless carries the chorda tympani. This nene, 
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1herefore, never actually crosses over the columella and 
.apes, because where it leaves the hyomandibular branch 
it lies above and in front thereof. The deeper portion of 
'the aqueductus fallopii is situated in front of the fenestra 
l"otunda. The chorda tympani apparently crosses under 
the otic process of the quadrate and over the parabasal 
process, dorsal to the body. 

The para basal canals travel a nearly direct coursE' from 
point to point. A little bl'hind the depths of the s(>lla, each 
gives off a canal for the cerebral artery which pas!!e!t for­
ward, upward, and medially. The two openings into the 
flE-Ua are side by side at its extremity. 

At the point of emergence from the parab8.lla1 canal the 
palatine branch of the internal carotid artery ha .. the 
palatine branch of the seventh nerve on its outer side It 
was possible to trace this nerve back as far as the delicate 
bony canal previously described with certainty. One was 
surprised also to find that there were nerve fibre'! along­
side the artery behind this point. 

The first branch of the fifth nerve rises dorsal to the 
optic nerve passing between the attachments of the eye 
muscles and continues forward through the orbit close 
against the septum. 

Of the combined fifth and seventh nerves which dlverge 
from the foramen prooticum two turn down over the para­
basal (anterior) process of the quadrate and pterygoid 
bone to the lower jaw. One runs forward along the floor 
of the orbit towards the lateral border thereof, and the 
last detected turns up and, crossing in front of the root 
of the post orbital process, continues round the bony 
margin of the orbit. 

On the anterior wall of the olfactory fossa there are" 
two faint grooves, one above the other .• The lower is the 
impress of the oculomotor Bene and the upper that of the 
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pathetic nerve. These two nerves pass forwa.rd through 
the strong membrane which fills the large deficiency in the­
anterior wall of the cranium between the squamosal and 
frontal bones of either side and the basisphenoid below. 
Other nerves which reach the orbit at the edge of this 
extensive " sphenoptic fissure' , a.re the abducent, first 
branch of the fifth nerve, and the optic, at the lower border, 
and the olfactory, close under the roof. 

The olfactory nerves are not enclosed in bone in front 
of the membrana spheno-obturatoria, but lie free beneath 
the frontal and the dorsal horizontal expansion of the­
mesethmoid. 

The term membrana spheno-obturatoria is used here, al 

in a previous contribution (Kesteven, 1919), to apply tOo 
the membrane which, in many incompletely developed 
akulls throughout the animal kingdom, and in a majority 
of fish, reptile and bird adult Skulls, closes the deficiency in 
the cranial walls in the sphenoidal region. Gaupp's re­
stricted use of the term, does not necessitate the search for 
another, when this is 80 completely descriptive. 

Part II. 
Throughout part II. only structures ditrering from thoBe' 

in the fowl will be described. 
No.1. THE EMU (Drom.tl3'UB novm-kollandim). The an­

terior wall calls for immediate comment; it is complete, and 
there is not only no spheno-obturator membrane, but also 
there is no sphenoptic fissure. The large optic foramina 
are separated by a bar of bone from the oculomotor foramen 
at their lower ,and outer border, and from the pathetic 
foramen at the upper and innllr border. The external 
aperture for the abducent nerve is below and lateral to the 
oculomotor foramen, and has the foramen rotundum im­
mediately above it. AllCieep recess in front under the roof 
leads to a true cribriform plate through which the olfactory 
nerve reaches the nual capsule directly. 
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Noteworthy differences are observable in the tympanio 
-fessa. The otic process of the quadrate extends back into 
the fossa for some distance. The eustachian tube has three 
bony walls only, .the front wall is membranou~. That sec­
tion of the a(IUeductus fallopii which in the fowl passes 
directly back above the fenestra ovalis. in the Emu passes 
(lown behind the columella, inclining forward so that it 
lies below the }pvel of the fene&tra on the inner wall of the 
fossa. It is, morpover, an open channel in the dried skull, 
its superficial wall bl"ing membranous. It does not open 
into the fossa parabasali"l, but in front thereof. The fossa 
paraba!l8lis contains in its depth but a single foramen, that 
.f the glosso-pharyngeal nerve. 

The parabasal canal commences at the inferior termina­
tion of the open aqueductus fallopii. The palatine branch 
<>f the facial nerve leaves the hyomandibular trunk in this 
situation. 

The anterior aperture of the parabasal canal is im­
mediately in front of the eustachian canal behind the root 

.()f the basipterygoid process, and from this point the "analis 
arteriae cerebrali~ passes up and forward to the "leIla. 

Reviewing the differences noted, those in the sphenoidal 
region are probably the most important. 

It may be noted in passing, however, that quite recent 
text books of comparative anatomy designate the facet 
Oil the rostrum basisphenoidei, where the fore pnd of the 
pterygoid bone articulates, basi-pterygoid process, whereas 
a true basi-pterygoid process is present only in certain 
Batites and Tinamous amongst l'ecent birds. Compare in 
this connection figures 4 and 5, It may be further noted 
with interest, that in the emu at least, and probably in 
all birds having a true basi-pterygOId process, as in the . 
reptiles, those structures which occupy the' parabasal canal 
pass forward above the process, although in the emu, and 
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probably in those other birds, the caDal terminates bemel 
the process, so that the nerve and artery are deflected. 
laterally and up, to croas above it. 

Fig 4.-Base of Dromaeus skull to show basi pterygoid procell. 
Fig. 6. -Base of Anlla lkull for comparison with DrolDll!tll. 

No. 2.-Tni!: DUCK AND SWAN: In theRe forms, as in the 
Emu the posterior ·portion of the aqueduct of fallopius 
turns down behind the columella in place of continuing 
horizontally as in the fowl. 

The parabasal fossa is more extensive than in the fowl 
and has just within its median edge the vago-accessory 
foramen. The glosso-pharyngeal foramen is situated well 
within the fossa. There is no incisura posterior in the wan 



of the tympanic fOSSIl, the posterior wall is produced doWD 
to form a well-developed paroccipital process. 

The front wall of the cranium differs from that of the 
Emu in two respects. There is a small deficiency high up 
on each side, in the fresh state completed by the reduced 
.pheno-obturator membrane. 

There is no cribriform plate, and the anterior end of 
the recess ih some distance short of the posterior wall of 
the nasal capSUle. Between the two the nerves lie under 
the frontal and mesethmoid as In the fowl. 

No. a.-THE CROW (Corone australis), the Magpie 
(Gymnormna tibicen) , the Laughmg Jackass or Kooka­
burra (Dacelo g1{Jas), the Austrahan Pheasant (Centropus 

pkasaanu8), and the Butcher-bIrd «('raticu8 degfructor). 

Though prehentmg hlight dlt1'erences, thehe forms are 
suffiCIently alike to be dehcrlbed together. In the sphenoidal 
region, the.,e form .. res('mbl(' th(' duck. The oculomotor, 
abducent, and foramma rotundum arf' so close tog<'ther that 
viewed from lD front It appearb a" though the nerveR come 
through a common 'iphenOldal fi~sure. The ~phenOlual de­
ficIency 1 .. variable. In the butcher-bIrd, it is confined to 
the Immedlat(' neIghbourhood of the olfactory foramen. 
In the magpie there is no deficiency. 

In and around the tympanic fossa the resemblance to 
the arrangement in the duck n, almost complete. No 
parOCCIpItal proce8.1s IS developed. The Peewee (Gra1lma 

pwata) ddfers from these in that the int('rorbltal septum 
Ih df'fil.'lt'nt above, so that the two spheno-obturator mem­
braneh are contInUOUS one with the other RcrollS the mid­
line. The Spur-winged Plover (Lobwanellu8 lobatus) 
difters from the last form in that, at. in the fowl, oculo- . 
motor and abducent nerves reach the orbit' across the inner 
edge of a sphenoptic fissure. 
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No. 4.-PODABGUS: Sphenoidal region complete. OptiQ, 
abducent and oculomotor foramina distinct. The foramen 
ovale opens externally within, i.e., on the tympanic aspect 
of the anterior incisure in the wall of the tympanic fossa. 
For the rest the resemblance is to the- Emu, in 80 far as 
the situation of the canals is concerned. The inferior wall 
of the tympanic fossa is better developed and a paroccipital 
process of low prominence is developed. 

No. 5.-AN EAGLE, which unfortunately is unidentified, 
and the Ibis, are the only bird skulls in the collection in 
which pathetic and optic foramina are confluent. For the 
rest, the sphenoidal region is as in the duck. The eusta­
chian canal is open anteriorly throughout its length. The 
posterior 'legment of the aqueductus fallopii is perpendi­
cular and is open in its upper half. The parabasal canal is 
deficient of bony wall on the tympanic aspect above the 
inner end of the eustachian canal. The otic process of 
the quadrate is continued well back into the tympanic 
10118& and divides the fossa into upper and lower compart­
ments. The upper compartment has no medial wall, its 
place being taken by the very large fenestra rotunda. The 
lower compartment contains the remaining openiJags of 
interest usually present below the fenestra rotundum. This 
compartment has an intact front wall. In the upper front 
angle of this compartment an epitympanic recess i& entered 
by a large opening'; behind this the fenestra ovalis is 
obvious. The 'tympanic aperture of the aqueductus faUopii 
is between theMe two large openings, and the ridge between 
them is grooved by the hyomandibular branch as it turns 
back over the columella to enter the open portion of the 
aqueductus. There is a faint groove over the top of the 
front wall, and in the epitympanic recess there is a com­
munication with the canal transmitting the liIecond and 
third branches of the fifth nerve. Whether the anterior 
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branch of the seventh turns forward over the wall and 
under the otic process or through the tympanic recess to 
reach the branches of the fifth is uncertain. The former 
teems the more probable; it would be in conformity with 
the conditions observed in other forms . 

.A. fine foramen situatt'd in the inner edge of the parabasal 
fORsa leads into the lDternal auditory meatus on the left 
side, whilst on the right side such a connection cannot be 
demonstrated, though the (.'xternal aperture is in the same 
place. 

No. 6.-TnE IBIS (Carphtbu spvtucollu) resembles the 
eagl~ lD tht' confluence of optIC and pathetic foramlDa, the 
peewee in the continUlty of the two ,.pheno-obturator mem­
brant's. A paroccIpital proce&<; ]<; well dt'veloped. The 
second and third branche .. of the fifth nerve leave through 
separate foramina. 

No. 7.-Two PARRAKEET skulls (one Platycercus ,.p., the 
-other unidentIfied) exhIbIt the same features and resemble 
the erow in all that is relevant, so nearly as to call for no 
further comment. 

No. S.-THE TOUCAN (Rhamphastos sp.) closely re­
sembles the emu lD all features cognate to the prt''1ent 
lDve<;tigatIon. There i~, of course, no cribriform plate. The 
eustachian canal is complete. 

An examination of the skulls of the foregoing bixteen 
speCIes, reveals a fairly clobe adherence to the type set by 
the fowl skull. Among varIations noted are the followlDg: 
the sphenoidal region mayor may not be deficient in bone, 
and the deficiency, If present, made good by a spheno­
obturator membrfme. Optic, oculomotor and pathetic 
nerves may penetratt' tht' obturator membrane or issue­
through their own proper foramina. Optic and pathetic 
foramina are at times confluent. In the majorIty of the 
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QUes the segment of the aqueductua fallopii behind ..,. 
fenestra ovalis puses perpendicularly to the base of the 
skull, and the parabasal fos8& lies further under the bile 
than in the fowl. This portion of the aqueductus fallopii 
is at times open to the tympanic fossa for more or lesa .r 
its length. The eustachian canal may be devoid of front 
wall. The hinder wall of the tympanic fossa may be 
developed into a para-mastoid or paroccipital process. A 
true basi-pterygoid process is present in the emu alone 
among the types studied (compare 1lgures 4 and 5), and 
the palatine branch of the internal carotid artery and 
palatine branch of the seventh nerve on issuing from the­
front opening of the parabasal canal turn laterally and 
dorsally to cross above, dorsal to the process, as they do in 
the lizards. 

The whole course of the palatine branch of the facial 
nerve alongside of the internal carotid artery in the para­
basal canal is 8S in tht" lizards. The junction of the> two 
canals, one through the substance of the prootic, the other 
through the basis cranH, the former carrying the palatine 
branch of the facial nerve, the latter the artery, and the 
subsequent course of the canals and structures forward of 
the point of junction described above in the fowl, resembles. 
most remarkably the conditions I have elsewhere described 
in Delma, one of the Pygopod lizards (Kesteven, 1925). 
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B:.:plaaatfOB of Abbrmatiou. 
ali.-aUsphenoid. par. can.-anterior aperture 
b. oe.-basioccipital. of the parabasal canal. 
b. sph.-basiapheuoid. post. ap. par. can.-posterior 
C&1l. art. cer.-canal of the aperture of the parabasal 

cerebral artery. canal. 
.. oc.--ex occipital. p. ot.-prootic. 
en. ap. east.-external aper- roat.-rostrum basi-sphenoidei 

ture of the eustachian sella.-sella turcica. 
canal. s. oc.-supraoccipital. 

fen. ov.-fenestra ovatis. squ.-squamosal. 
fen. ra-fenestra rotunda. Nv. iii.-ocuIomotor foramen. 
fiss. sphen.-sphenoptic fls- Nv. iv.-pathetic foramen. 

sure. Nv. v. I.-foramen rotundum. 
for. lig.-foramen for colu- Nv. v. 2. S.-foramen prooti-

mella ligament. cum. 
for. vas.-foramen for dip- Nv. vi.-abducent foramen . 

• loic vessel. Nv. vii. I.-foramen of exit 
loc. foss.-floccular fossa. of anterior branch of 
foss. cer.-fossa cerebralis. facial nerve. 
foss. gas.-gasserian fossa. Nv. vii. 2.--external aperture 
foss. ol.-fossa lobi olfactorii. of the aqueduct of fal-
fr.-frontal. lopius. 
glen.-glenoid cavity for head Nv. vii.-internal aperture of 

of quadrate. ",queduct. 
in. ap. eust.-intemal opemng Nv. viii.-internal auditory 

of eustachian canal. meatus. 
incis. qu.-anterior inCIsure in Nv. ix., x., xi.-fossa for gan-

the tympanic fossa wall. gUa of nerves ix., x, and 
ot.-otocranial cavity. xi. 
pa.-parietal. Nv. xii.-hypoglossal foramen. 
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NOTE ON THE IDENTITY OF UNCINEOL WITH 
EUDESMOL. 

By A. R. PENFOLD, F.A.C.I., F.C.S. 
BcolJQtllic Chemis', Teclmologkal Mu.reum, SydM3'. 

(Read befo,.e the Royal Society of New South Wales, lvly 1, 1925J 

During the period 1915-1917 the author was engaged 
upon an examination of Australian sourceR of Terpineol, 
and consequently was led to examine the ellsential oil of 
JielaleuC'Q uncinata with a view to isolating the solid 
.alcohol of melting point 72.5° C. isolated therefrom by 
MeBSl'$. Baker and Smith. These authors stated ill thpir 
paper (Journ. Roy. Soc. of N.S. Wales, XLI. (1907), pp. 
196-210), that it had a molecular formula of C]oH180, was 
demo-rotary [a]:" + 36.99° i:n. absolute alcohol, and bore 
a close resemblance in certain respects to Terpineol. The 
present author found that it was with considerable diftl­
-eulty that this stearoptene could be separated in a condi­
tion of purity from the large quantity of accompanying 
;aesquiterpenes, but that the more prolonged and rigorous 
the purification the greater its resemblance to Eudesmol­
the principal sesquiterpene alcohol of the Eucalyptus 
oils-especially a'J the melting point was raised to 79-80° 
.after purification, e~ending over a number of months. 
Quite recently.a specimen was prepared of melting point 
81-82° (fused material), which is the highest melting point 
yet recorded for this alcohol. 

This investigatif>n has now been completed, with the 
result that the stearoptene of the essential oil of Melal6UD4 
uncittata is deftnitely shown, under "experimental," to 
be identical with Eudesmol, and that Uncineol has no 
.separate existence. 
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The following collections of leaves and terminal branch. 

lets were made at Wyalong, N.S.W., during the yean. 
1915-1917, and these on steam distillation yielded crude 
oils possessing the following characters:-

sp. Gr. Befl'&Otl". Ollleol I Eater No. JIlIter Bo. 
YIeld Opt Bot after HD Indea2O" oonhnto Rot .. p. aGet,IaI," 

1'21% 0934:2 +9'50· 1'4762 40% 4:'34 108'4:8 
)'00% 0'9274 +4'45· 1'4689 59% 2'02 56·a 
1'00% 0934: +800· 1'4727 46% 2'84 119'33 
1'00% 0'9288 +460· 1'4700 53% 24'20 76'57 

These oils were mixed together and distilled at atmos­
pheric pressure, when the portion distilling at about 
275-286° was re!lerved for working up the stearoptene. 
The fraction solidified to a buttl:'r like mass on keeping, 
and It was pressed on a porous plate to remove adhering 
sesquiterpenes. On repeated crystallisation from ethyl 
alcohol and water it was finally obtained as a . white, 
feathery solid, which melted at 80·. It possessed 
[aJ!O" + 33.81° in chloroform, and gave a moll:'cular 
weight result of 227 by the boiling point method (1.0698 
gram in 31 c.c. acetone elevated the boiling point 0.34:·) 
(CllH2sO = 222). On keeping a quantity of about two 
grams, which completely occupied a 2-oz. bottle for a period 
of about twelve months, it changed to a viscoua, 
resinous mass, which formed a layer of about 3 Mm. at the 
bottom of the vessel. (See Baker and Smith, "Eucalypts," 
2nd edition (1920), page 377, for particulars regarding 
this characteristic behaviour of Eudesmol.) 

In March, 1924, a further consignment of leaves and 
terminal branchlets was procured from Wyalong, N.S.W., 
through the courtesy of Mr. G. 1. Hudson, Sydney, is 
order to secure con1irmation of the • foregoing results. 
During the distillation the first, second and third hour 
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distillates were separately obtained in order to facilitate 
the isolation of the stearoptene. On account of their 
interest the chemical and physical characters of the three 
fractions are tabulated herewith:-

March, 1924: 144 Ibs. leaves and terminal branchIet. 
yielded 1.34 % oil. 

Yield of Oil. 
Speei1ic Gravity, H· 
Optical Rotation .. .. 
Refractive Index, 20· 
Ester :rio. " .. .. .. 
Ester No. after acetylation 

1st hour 
0.76%. 

0.9223 
+3.5° 

1.4631 
1.0 

27.53 

2nd hour. 3rd hr. 
0.34%. 0.24%. 
0.9209 0.9475 

+13.5° +21.45° 
1.4S04 1.4976 
2.61 5.S6 

79.93 127.51 

The third fraction was accordingly taken and worked 
up as described above. After repeated crystallisation, the 
alcohol wa'J obtained as a white bulky mass of crystals, 
interlacing with each other in needles. It sublimed readily 
in acicular crystals, and was readily soluble in the usual 
organic solvents. The melting point of the white feathery 
crystals was SO.5° to sr, whilst the white solid obtained 
by melting the crystals on the water bath melted sharply 
at S2°. On distillation at 10 mm. the crystals boiled at 
155-156°, and had La]:'" + 33.45° in chloroform solution. 
0.7330 gram. in 23 c.c. acetone elevated the boiling point of 
the solvent 0.32°. Molecular Weight == 221. 01~H280 

=222. 

The following results were obtained on combustion:­
(1) 0.1130 gram. gave 0.3353 gram COli and 0.1188 

gram H 20. 0 == SO.93%. H = 11.6S%. 
(2) 0.1192 gnm gave 0.3518 gram 00. and 0.1250 

gram. H.O. 0 == 80.49%. H = 11.65%. 
(3) 0.1110 gram gave 0.3277 gram COli and 0.1174 

gram H.O. C == SO.51 %. B == 11.75%. 
(4) 0.1000 gram ,ave 0.2960 gram CO. aJ,ld 0.1054 

gram B.O. C -= 80.73%. B == 11.71%. 
CIIB.eO contains. 0 = 81.08%. B == 11.71 %. 
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E1Ulelmefl6 "ydrochloride.-The alcohol when treated 
with dry hydrochloric acid gas in glacial acetic aeid solu­
tion at - 20° yielded a white crystalline hydrochloride of 
thE' eorresponding sesquiterpene, which when puri:fied 
from ethyl alcohol melted at 75-76°. 

0.0150 gram gave 0.0158 gram AgOI = 26% 01. 
ClIHuOl1 contains 25.82% C1. 

Further proof of the stearoptene being a sesquiterpene 
alcohol was obtained by treating it with twice its volume 
of 100% HOOOH, when water was readily removed and 
.a sesquiterpene resulted. 

The latter was a colourless liquid, which possessed the 
following characters:-

Boiling Point, 10 mm ....... 130-132° 
Specific Gravity, t: 0 

•• •• •• 0.9202 
Optical Rotation .. .. .. .. +30.2 
Refractive Index, 20° .. .. .. 1.5100 

The speeimen available was too small for rigorous 
purification, and attempts to ind~e the hydrochIoride pre­
pared therefrom to crystallise were unsuccessfnI. The 
1ltriking colour reactions with bromine vapour in acetic 
acid and sulphuric acid in acetic anhydride (Journ. Roy. 
Soc. of N.S. Wales, LIV. (1920), pp. 205-6), were readily 
.obtained. 

I desire to express my thanks to Mr. F. R. Morrison, 
A..A.C.I., A..S.T.C., Assistant Economic Chemist, for much 
.assistance in the investigation, and to Mr. G. I. Hudson 
for kindly furnishing a supply of material free of cost. 
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MULTIPLE BIRTHS, 

TIIEIR CHARACTERISTICS AND LAWS 
MATHEMATICALLY CONSIDERED. 

By Sir GEORGE KNlBBS, C.M.G., M.I.I. de Stat., 

Hon. M.A.S.A., H.M.S.S. Hung., etc. 

(R,ad b'fot'f 'hi Royol Sowry of New South WGIII, JuI, 1, 1"5.) 

S:yM;sv.-l, General. 2, IrIalculinit:v of birthl. 8, Mas­
culinit1 of population and of live-births. 4, Anal,lis of mul­
tiple birthl: twins. 6, Analysis of cases of triplets. 8, 
Multiple births of 4 or more. 7, Frequency of multiple birth •• 
varioUl. 8, Effect of .. e-constitution of female population. 
9, Eff~t of mother's ace on frequency of twins and tripleta. 
10, Elfect of duration of marriage on frequenc1 of multiple 
births. 11, Secular increase in proportion of multiple births. 
12, Twins in pre-nuptial conceptions. 18, Frequenc1 of twins 
according to number of confinements. 14, Further questionl and 
cODclusions. 

1. Generol.-Among demographic phenomena, thOle of 
multiple births in human reproduction occupy a unique 
place. When at a confinement more than one child is 
born, the births may arise from the insemination of as 
many ova as there are children born, or from a leu. 
number, the reason being that twins may be produced 
from a single ovum by division. When twins thus arise 
from a single ovum, they have a common chorion and are 
always either both~ males or both females, but never one 
of each sex; while births arising from separate ova may 
be indifferently of the same sex or of different sexes, and 
each has its own chorion. Children produced from 
separate ova we'shaU eall diovular, triovular, etc., accord­
ing as they arise fl'M two ova or three ova, etc., but 
when two are produced from a single ovum we shall call 
them uniovular. Twins from one ovum have also been 
called univitellins; and, from two ova, bivitellins. We 
prefer the terms uniovular, diovular, etc. 
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It will be shewn that, through the theory of probability, 
suoh an analysia can be made of human reproduotivity, 
that, in oases of twins, triplets, etc., the relative frequency 
of both clasRes of reproduction can be deduced. In this 
connection it will be necessary to take into account the 
phenomenon of masculinity, viz., that generally there is 
a greater frequency of male than of female births, a 
frequency which is accentuated in the case of still-bonl 
ehildren. We shall examine the laws of increase with 
age, with previous confinements, and with duration of 
marriage of the liability to multiple births. 

2. Masculinity of Birlks.-The masculinity of births 
<.>an be set out in several ways,· viz., the ratio of males to 
females, 1'1 - M / F; the ratio of males to the sum of males 
and females, 1'2 - M/(M + It'); and the ratio of their 
differenC'e to their sum, p.a -- (M -F)/(M + F). These 
are related to one another as follows:-

1'1 == 1'1 -- p.z/(1- p.z) - (1 + p.z)/(I-"..) 
1'2-1'1/(1 + 1'1) -p.a .... 1(1~) 
1'8 ..... (1'1-1)/(1'1 + 1) -- 2p.a -1-". 

The mean of the annual masculinities of live-births and 
still-births, arranged in the order of the birth-rates per 
1000 of the. mean populations, are as follow:- -

Period. Couatry 
1'1 1'1 

Birth IJ.. Still Period Couatry 
Nt. BhtIuJ BhtIuJ 

111111-18 France .. •• ILl 1018 1886 11116-21 I'Inland •• 28." 1061 1_ 
11111-111 A_tria •• 11.1 10116 1811 18111-20 N__ •• U.S 1060 111'l 
111111-11 Swltserland • 11.' 10111 1111 1815-22 Netherlaada. 16.1 10511 IUS 
18111-11 HuqU")' •• 111.8 10'l0 1188 18111-10 Ieelud •. 16.7 ton 1111 
1111-11 Belalum .• 10.11 10111 1811 1818-111 Bulcula •• lUi 10'l1 1_ 
111111-18 Sweden . 10.8 10118 11111 18111-10 Spal.. •• •• 1f.6 1098 t_ 
11181- 0-. .. IU 1168 1111 18111-811 U. ltlnsdcB 18.7 lOG T 
18111-21 Denma:rk •• 18.1 10111 llU 18111-80 POl"tapl •• 80.0 1017 1118 

The masculinities for live-births and for still-births are 
both here given as so many males per 1000 females (I'd. 

• S.. G. H. ltalblla, Bath_*-l ~ aI PopulatioL Appendix A, 
Vol. I, Auatrallan Cene_ of 1811, pp. 180-188. 

I-.TaIJ I, l8II 
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The three means of the 1lrst eight quantities are ~ 
tively 19.0, 1071 and 1314, and of the last seven are 26.6. 
1069 and 1293. These means, and a review of the acatter 
of the individual quantities, indicate that neither the 
masculinity of live- or of still-birtha is dected by the 
magnitude of the birth-rate itself. If the masculinities of 
live-births are arranged in order of magnitude, the 
averages of the first eight are respectively 1056.0, 1288.6, 
and of the last seven are 1085.6 and 1322.4. The ratio 
to one another is for the 1lrst 1.220 and for the second 
1.218. Both are so near the general mean 1.219, that it 
may be said that on the whole the masculinity of the still­
born is 1.219 times that of the live-births, and that it is 
independent of the magnitude of the masculinity of live­
births. Either masculinity may be taken, therefore, to 
express the probability of the production of fertile male 
ova, viz., those which live or those which fail to attain 
to other life than in utero. The range of the ratios from 
year to year is, however, relatively considerable. Several 
examples will suffice to indicate this l-

Raq_ of BIrth ad MallC1llialt, "tell. 
Pn_ Aut:l'lll. aqtllJll, 1'lDlaDd. Bulprla. 

Birtla lI:ate per 10.000. 15-118 111.118 181-111 1_1 1810611 
]I.... 11ft blrth.- •• •• 10""10811 IN8-1078 1011<&-1084 1067.1078 1081-1080 
]l1IMo .tIll blrtbB. ., •• 1818-18111 1188.1811 1187·111111 Dll1-11118 1111-11117 

• Per 1.000 femala. 

3. Masculinity of Population and of LWe-Birlkl.-It 
• has been spggested by Diising that masculinity at birth 

is in some way related to the masculinity of popUlation 
(Das Gesohlechtverhiltnis im Konigreich Preussen). The 
.masculinity of Australia's population has changed in a 
way that might appear to afford some opportunity of 
testing this idea, and the following table gives averages 
for a considerable number of yea1'&--5 to 1000et out in 
diminishing values of population masculinity. The mas­
culinities for individual years are somewhat irregular, so 
that the trends must be examinf'd for considerable averages. 
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lluealbdU. of PopuIatiOD aad of UVe-births, eaeh per l,eoo 
Fem,alaa, Australia. 

Jteriod 1829~ 85-44 45-54 58-69 60-69 10-79 90-99 1908-18 
1Iuc. Pop. 2961 2094 1404 1296 1238 1196 1141 1186 
1Iuc. Birth. 1016 1028 1085 1082 1068 1046 1064 1068 

These averages show unmistakably that as the masculinity 
of the population I'p was decreasing, that of births "" 
was iftor~, but whether the change should be regarded 
as merely a secular fluctuation, or as one in some way 
organically connected with the masculinity of the popula­
tion, is by no means clear from the preceding results. If, 
however, the masculinities of the population of diiIerent 
countries be set out in decreasing order against the mas­
culinity of births, either nuptial or ex-nuptial, it becomes 
clear that there is no general relation. The further exam­
ination of the question is beyond the province of this 
.article. It will suffice to say that the result given can be 
closely expressed by a cubic equation with the reciprocal 
of the masculinity of the population as argument, viz. by 
"" - f (1/l'p)' or by the followin,-expression, viz.:-
""- Ma/Fa-l.06-0.0325 ("'p-l) + 0.0833 (I'p-l)II/4 

in which M/F b are average masculinities of the popu­
lation.-

4. Ataaly.is 0/ Multiple Birtks.-Twins: It is desirable 
that full records of multiple births should be kept, showing 
the sex and indicating whether the cases are uniovular, 
diovular, etc. For the purpose of indicating the scheme 
of analysis we shall use as data those furnished from 
over 12,000,000 confinements in Germany. 

During the period 1906 to 1911, there were in the 
German Empire, born from 12,013,134 confinements, 
]2,170,614 children, which included the following cases 0" 
twins, triplets, quadruplets and quintup'lets, viz.:-

• 8. Katbematlca1 Tbeor)o of PCllPulatloa, pp. 181-1". 
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III. PaIn. 11'. I III _,1J' 1,11 .... IF I II. 1'. I (II. + 1'., 
41,_ ",Iii 48,'" I 141 ." III iii. I 18 88 I • a... 'l'w'bII, 114,4" I 0_ TrIpJetI, 1_. c- of 4, 11. I eu. III .. a. 
Thus for a million confinements, there were 1,013,109' 
children; that is, about 77 children for every 'i6 con­
finement&. 

To analyse these it is to be noted that, in the case or 
uniovular twins, they are either both males or both females. 
In any attempt to ascertain the probability of the uniovular 
and diovular occurrences, we may assume that the mascu­
linity of diovular cases of two males only to cases of two 
females only, applies also to uniovular cases. 

Denoting the number of pairs of males by M, the number 
of pairs of females by 1J', and the number of pair, where 
there were one of each sex by P, and the ratio of the 
difference between the pairs of males and pairs of females 
to their sum by p., we thus have for the masculinity:-

I' - (M -lJ')/(M + PI). 
In the case of diovular twins the chances of the births 
in the orders MF and FM are obviously equal i the chance 
of MM to that of FF IS 1 + I' to 1-1'; thus the ratios 
of the four dIovular cases are as 1 + I' : 1 : 1 : 1 - p., each 
being very nearly one quarter of the total of the diovular 
cases. OWIng, however, to masculinity, the cases MM are 
shghtly In excess, and of FF slightly In defect, of the 
fourth part. In the case of the uniovular twInS, since 
ex h,ypotheBi the masculInIty is not dIfferent, the cases of 
MM and of FF are also In the ratio 1 + I' and 1-1', and 
there are, of course, no cases of MF or ]lM births; thus 
the ratIOS of tlie SUppolititiOUS four UnIovular cases are 
1+1':0:0:1-1'. 

'l'he cases of MM and FF in the total may, of courlte, 
be either uniovular or diovular, and their probability has 
now to be ascertamed. 
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Obviously the number of diovular cases among the MM 
and FF births are together equal to the sum of the num­
ben of MF and FM births, that is to P, hence the Dumber 
<of uniovular births are M + F - P, and thus the ratio ~ 
(If lllliovular cases to the total cases of the twin births is 

e- (M +F-P)/(M +F+P) .. 
From the data, M - 49425, F =- 46637 and P - 58382, 
"We obtain ~ - 37680/154444 - 0.243972; 1-~ == 0.756028 
.and II- = 0.0290239. HenOf' the twins were made up as , 
follows:-

Total. 
.cas .. of Uniovular Twins .. 87880 
Cases of Diovular Twins .• 118764 
Total Cases of Twins •. .. 164444 

MJrL 
19387 
30038 
49426 

Pairs. 
None 
68382 
68382 

FF. 
18298 
28844 
48887 

Total Number Children .• .. 308888 Ms., 167282; 161866 Fs. 

It thus appears that approximately one fourth of all 
twinR are produced from a single ovum. 

The masculinity of all the males and females born as 
twins was 0.01805185, or 103,677 malts per 100,000 females. 
From 1906 to 1913 the maSCUlinity in Germany for aU 
births was 0.0271, or say 105,570 males to 100,000 females. 
It is important to notice that the masculinity for all born 
as twins is slightly less than for all births. 

From obs('rvations by Weinberg· and Ahlfeld, t the 
actually obtrerved proportion of uniovular cases was 0.21 
in a more limited number. Doubtless a larger number of 
cases would have approximated more closely to 0.24, as 
found above. 

5. Analysi$ of Casel of Triplets.-Even the limited 
number of results for triplets will also admit of some 
.analysis. It can, perhaps, be assumed that, among the 

• Beltrip .111' Pllplol. 11. Patbol. de •• larlinPaelMatea .... JlIIDIChn. 
.Arabi.. f. ... PIa,.lol. 1801, hear.HI, ·P. 84.. AJao Nne Beltrfap .111' Lelare 
"fOIl den ZwUUnaen Zeit. f. Geb. u. Grn. 1908, xlvIII !1ft. 1. 

t Zeit. f. Cell. It. arn. 1808, xlvii, p. 8ao. 
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births in the order MFM the chanoe of the two males 
heiDI uniovular is zero, ~d in the cue of the order F){F' 
the chance of the two females being uniovular is also 
zero. (Were thia condition, however, not physiologiea1ly 
impossible, it is obvious by exhaustive enumeration, that 
the probabilities of the four cases, viz., 3M, 2M + F, 
)( + 2F, and SF, would be respectively 0.2, 0.3, 0.3 and 
0.2, provided the masculinity of the births were zero.} 
As there were altogether 2204 male children to 2263 female 
child~n born as triplets, and as the number of wholly 
male triplets was S43 while that of the wholly female 
triplets was 361, and further as there were 395 cases, where 
there were two females, to 390, where there were two males, 
the masculinity for triplets is clearly less than zero; that 
ill to say, the females preponderate. 

Thus the several masculinities are:-
. Over all triplets .. . . -0.013208 
Over male triplets and female triplets only -0.025568 
Over triplets of both sexes only; 1175M 

and 1180F . • .• ......0.002123 
Since the sexes are identical in every uniovular case, this 
last result suggests the existence of uniovular cases among 
triplet births; that is, 8S triplets, they may be diovular 
instead of triovular. 

Let the masculinity be again denoted by po; then if we 
assume that po is~ unequivocally deduced from the male 
triplets and female triplets only, and is perhaps different 
in other cases, the trWvular cases only will then be in 
the ratio 

(1 + po) : 3 (1 + «) : 3 (I-«) : (I-po) 
for 3M, 2M + F, M + 2F and 3F respectively. The 
diovular cases among the triplets are equally likely, except 
for the element of masculinity in the four cases; hence 
they are in the ratio 

(1 + A) : (1 +y) : (I-y) : (I-A). 
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In the above formulae p., «, A. aDd 'Yare regarded as aU 
poaaibl;y dUferent maaculinities. 

Let Jl, P, Q, :r denote respectively the four elasaes of 
triplets above--mentioned, S males • • • 8 females: thent 

having regard to the possibilities of the two cases it ma;y 
be assumed, as above shown, that there are as man;y eases 
of diovulation in P as in M, and in Q as in lJ', and, subject 
to the small masculinity modiAcation, the same number in 
each case. Next let us Arst suppose that the masculinity 
is zero; and that the number of triovular cases is 8x~ and 
of diovular eases is 4y; x and '1/ being unknown. Then we 
would have:--

Triovular eases .. 8x -- :.r; + S:.r; + 3:.r; + :.r; 
Diovular cases .. 4'1/ - 11 + 11 + 11 + 11 

Thus the total is 8x + 4y - M - :.r; + 11; P =- 3x + '1/; 
Q - 3x + '1/; lJ' -:.r; +!I; 
and therefore 3(M:.t- .F) - (P + Q) =- 4y; consequentl;y 
the ratio '" of the diovular eases to the total would be 
given by ... 

'" ..... [3(H + lJ') - (P + Q)]/(M + P + Q +lJ'). 
Since, however, thp masculinity terms cancel each other, 
both in M + F and. In P +Q, the formula is also correct 
when the masculinity is taken into account. 

The values H, P, Q and lJ' being 343, 390, 395 and 361t 

givE' '" - 0.R91202 for the total, and the triovular cases 
0.108798; that IS, thE're would be 1327 diovular births and 
only 162 triovular cases of triplets, or 10,000 triovular tc 
81,914 diovular ca&es. Thus the conception of triovular 
triplets would be only about 1 in 9.1914 cases of triplets. 

We have seen that in the cases of twins the production 
from two ova is about 0.756 of the whole; in cases of 
triplets the production from three ova would appear to' 
be only 0.109 of the total. . • 

For the value of p. we have, as before, 
p. - (M -lJ')/(Jl + F). 
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With thi! values Jl - 343 and ]I' - 361f this gives ".-
1>.025588. 

When we take aecount of the masculinities we have for 
the symbolic values of M, P, Q and 1', respectively 

(a; + 1/) + (",z + 11/); (3a; + 1/) + (8..:a; + 111) ; 
(3a; + 1/) - (3A:a; + 'Y1/); (a; + 1/) - (",z + 111) 
(P- Q)/(P + Q) - (3":11: + 'Y1I)/(3a; + 2tI); (-«). 
(Ji-I')/(M + P) - (",z + 11/)/(:&+ 1/); (-,,). 

Thus if the ratio of " to "'I is known the first is solvable, 
since" II: and 1/ can be deduced, and the value of 1 illJ 
discoverable Bince " is known. 

We have found 811:-162 (the triovular eases) and 4y-
1327 (the diovular eases); thus a; .... 20.25 and 11-331.75; 
and we have found also that p. - -0.025568. 

First, in regard to the masculinity: we see from the last 
formula that we must assume A"" p., then we get the two 
supposed values for p. identical. Seeondly, from the 
formula preceding the last we see that if 'Y .... «, we have 
also the value of « directly given. From the data it is 
-5/785 - -0.0063694. Using this value and p. =-

--0.025568, we find that the triplets may be divided as 
follow:-

Typell of Callell. Total. K.M.M. M.M.F. M.F.F. F.F.F. 
Triovular Cases ..... 162 20 60 61 21 
Diovular Cases .....• 1327 323 330 334 340 

Total Cases ..... :... 1489 343 390 395 361 
The feminin'ity of the triplets is remarkable and a prwn 
would not have been expeeted. 

The infrequency of triovulation, viz., 162 cases in 
12,013,134 confinements, or one case in 74,155 confine­
ments, is also remarkable. The data quoted give for the 
ditferent cases, the number of confinements in whieh 1 
twin, 1 triplet, ete., will occur, 

Twin. Triplet. Quadruplet. Quintuplet. 
Data given 77.776 8067.2 750,758 4,004,378 
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8. JltIlfipH Birth. of Pow,. Of' MOf'6.-In the cases of 
the qtUJdnt,pkt. the numbers Jf = 28 and F' = 86 give for 
tile muculinity over all -0.125, a very high value of 
femininity. Thus we have 

Quad-
All confinements. Twins. Triplets. raplets. 

Masculinity (about 0.0271) +0.029024 -0.025568 -0.125 

Cases of quintuplets were about 1 in 4 million confine­
ments in the German Empire. They have been reported 
by Volkmann,· Dusspldorf; by A. Bernheim,t Phila­
-delphia; by Horlacher,* Wurttemberg; by Nyhoif,1I Gron­
ingen. It may be mentioned that in 30 cases referred to 
by the last·named the majority were born after a period 
-of four to fiv(' months' gestation. 

Se:duplet. were reported by Va~sali§ and Vorti'Jch and 
Alburi.·· 

7. Frequent'll of MUltiple Births, Variou8.-The fre· 
quency of multiple births diife1"'l greatly in various 
countries. Thus per 10,000 confiIWPents they ranged in 
Italy from AO for Basilicata to 14S for Venice, while for 
other countrl(,S tht'y had the following values during 
varioub perlods:-

Number of Twit. per 10,000 ConfiDeJDeDta. 
Spain .. . . 87 Bavaria 128 Prussia 129 
Roumania •• 8B Saxony 128 Hunpry 181 
France 109 Austria 126 Wurttem.berg 132 
Belaium 111 Switzerland 126 Norway 188 
Italy .. . . 117 Germany. . 127 Sweden 146 
Ruuia 121 Baden • . • • 128 Finland 147 

Australia, with 98 per 10,000 (see hereunder), has a low 
value relatively. 

For the 35 years ISAI to 1915, there wert' the following 
cases per million confinements in Australia. Population 

• ZllDtral, BI. f. cma. 18'It. 110 17. t Deat.eh ..... Woab ... cbnft 1899. 
P. ."'. * HOI'I"". WtIrtt.. Xarr. BL 1.... • ..... hr. f. Gab. u. Op. 
1901. lid. 111. p. 171. • Alllltom. AUlliae. BeL z. No. 10. •• IItlach. 1I1d. 
W..,"-hr. 1908, No. 8S. pp. 1811t-4t •• pIIotoa'raJlb hi .. etten. 
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aggregate, 34,208,424, the females beiDl 16,204,882. Th& 
cases of multiple births were in the following ratios:-
Con8Demeuta. Twins. Triplets. Qudrup1etl. Ii or men. 

1,000,000 9,802 82.9 1.50 0 
665,919 6,527 53.2 1 0 

For the German 
Empire. 

1,000,000 12,856 124 1.33 0.25 

8. Effect of Age-constdutwn of Female Popvlatwfl..­
The constitution of a population according to its sex and 
age, and the general age at which their reproductivity 
takes on its most active phase, atfects the frequency of 
multiple births, as the following table shows in regard too 
the excess over one at a birth. 

&_ over 1 ehUd dae to Multiple Birtha. 
AaatraUa 1907 to 1914. 

Nuptial- IlK. 
Nutlal C_ .-II.1IJI.tJalC_1 D1IJItIal 

Acw O_flD.. Ezceg O_flDe- ._ ..... per per 
DleDta _1 _Dta over 1 

IH 
10.000 lO.oot 

- Smootlled _Ita 

12 I 0 0 6 0 0 
18 4 0 21 8 7 
14 80 0 126 - I 14 

18 14 
16 170 0 587 1 16 19 21 
18 1188 2 1500 2 16 28 28 

(16.89) (2017) - (2017) - -
17 I 8962 12 2980 11 17 I 82 85 
18 9761 36 4604 15 18 38 42 
19 I 18071 94 6817 22 19 46 49 

20-24 207386 1882 21641 154 20 51 68 
25-29 1286444 2442 9608 98 26 83 91 
80-84 201496 1698 4754 68 80 11& 128 
86-88 111826 1740 2428 46 88 166 182 

• Chance in ratio of excu. 
89 20790 826 486 5 39 158 168 

40-44 62490 853 1029 11 40 141 164 
46-49 6244 88 180 1 46 78 84 

60 84. 0 Ii 0 60 18 14 
51 12 0 1 0 61 0 0 
62 8 1 0 0 - - -
68 4 0 1 0 - - -
54 8 0 0 0 -) - -

- Per 10.000 confln_et •• 

An analysis of these results shows that the ratio increases. 
from age 12 to age 38 inclusive, both in nuptial and ex-
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Duptial casea, and then falls off, the exee88 over 1 dis­
appearing after age 51. Denoting the age last birthday 
by ~, the results can be represented by the formulae:-

Nuptial Cases-
,8.-1 + 0.00064 (~-12) to age 38 incl.; 

=1.01664-0.00129 (~-38), 39 to 51 mcl. 
Ex-nuptial Casea-

,8 -1 + 0.00070 (.z -12) to ale 38 inc1.; • = 1.01820 - 0.00140 (.z - 38), 39 to 51 mcl. 
The fewness of the results after age 45 in the nuptial cases, 
and after agE' 39 in the ex-nuptial ones, makea the end 
values of the table slightly unct'rtain. 

9. Effect of mothers' age on frequency of twins and 
triplets.-The table showing the excess over 1 per confine­
ment is very nearly a table showing the frequency of 
twins according to age, owing to the fact that the 
frequency of triplets is relatively so small. Australian 
experience from 1907 to ]914 gives t'tn; following results:-

Twi_ awl Triplet. Aaatralia IIOT·lllt. 

Thus the frequency of nuptial twim. for all ages was 
0.01023 of the nuptial confinemt'nts, and of ex-nuptial 
0.00768 of the ex-nuptial confinements, Q, of all twins, 
0.01009. The frequency of triplets was 0.0109 of the 
twins. 
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The ratio of all twins to all condnementa and of aU 

triplets to oonfinements is as shown in the lut two columns 
of the preceding table, which gives the twins pE'r 100,000 
confinements and triplets per 1,000,000 confinements. The 
lut line gives the relative frequeney of triplets to twins. 
..... 11-18 10-140 II-U IO-U II-II .......... I8-N 
~ 405 644 914 1186 1542 1118 689 1516 
Triplet. 11 61 69 126 151 106 0 0 
Ratio, 1 in 198 156 188 102 61 59 

Thus, as we saw in the formula for the excess over 1 
birth, thf" rise for tWInS continues to the age-group 35-39 
and then diminishes. The excess over UDlty for nuptial 
and ex-nuptIal twin-cases is senslbly given respectively by 

f - 0.000632 (x -12) to age 38 incl.; 
II 

and 0.01643-0.001264 (x-38), for 39 to 51 mel. 
• - 0.00670 (x -12) to age 38 incl. i • and 0.01772-0.001363 (.:- 38) for 39 to 51 incl. 

10. Effect of duratum of marriage on freqfle'fl(JY of 
multiple birtks.-In order to make an analysi~ of this it 
is obvious that the age effect ought to be eliminated: thi'l, 
howevE'r, IS impracticable. Constructing a table, however, 
of confinements and the rE'suIting twins (including triplets) 
and triplets we get:-

c .... of 1'trbI8 aDd Triplet. Aaatrali. 1188·1.14. 
Duratlcm Conftl. TwJDI TrIplet8. DwatloD Conft •• Twlllll TrIpI ... 

.JIanoIqe. mel trip. , ..",Ja1(8 IDel trIP 

0-1 184,171 1129 9 9-10 32,170 417 3 
1-2 61,2i3 460 8 10-15 116,777 1688 20 
2-8 64,229 465 4 15-20 58,698 889 14 
8-4 70,817 564 8 20-25 24,863 280 3 
4-S 59,407 561 2 25-80 4,178 86 1 
S-6 58,2715 1504 4 30-36 148 0 0 
6·7 47,260 468 1 815-40 1 0 0 
7-8 41,718 492 8 
8-8 87,116 466 '1 Total SOl5015 8808 7'1 

'l'his makes the ratio of ca'les of twins to confinements 
0.010320, and of triplets to twins 0.00927. It giveR peculiar 
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results, however, 88 to the ratio of twins to conftnementst 

as see the following per 10,000 confinements and triplet­
ratios per 10,000 twins respectively. 
/t,fIe ~ 0.1 1·1 W 8-& 4-6 6-8 8-7 7-8 B-1 .. 10 14-11 It-IO 18-1'7 
'!'w11Ul • • 84 71S 71 80 9a 911 99 118 III 110 180 (1Iu.) 11'1 '10 
Triplet. •• 80 '18 •• .1 'f1 74 7. 78 77 88 118 1M 

The triplet-ratios are ascertained from the means of 11 
age-groups except in the first five cases, which are the 
means of the group of 1, 3, 5, 7 and 9. 

11. 8ecwar increase in the proportion of rmdUpll 
birtks.-There is a marked secular increase in the 
frequency of multiple-births in Australia, as is shown by 
the following table:-

8ea1ar laere .. ia ambera .... ratto. of lIalt1p1e·1tirtIuI; 

• A..trall. 1881·1111 • 
Period. 1881-8 lUo.a 1.00.a 1.1001 otal 18Bl.I.U 
COIlllnemellta, C_ ot .. _.HI U •• IO. .77 .... m.- I .... '" 
I ar more chlldrell '.0.' 8.81'1 10,017 'I.'" n.ll'l' 
I or more chlldrea 88 78 98 ft 181 
• ar more ehndreD 1 • 1 • 4 

• Ratio tor tow .... 8.8114 ',81'1 10,all 10,111 .881 
• Ratio far trlpleta .. 511.8 81.1 • ..l00 •• . ... 8404 
• Ratio for • ar mare;. per 1,000,000 GOIdl_ta. 1.1 

The increase of the ratio of cases of twins per million 
confinements was thus 101.4 per annum for the 9-year 
perioll i then 51.5 for tht' lO-year period; afterwards it 
fell off 2.5 per annum. The matter is worthy of further 
study when the statistics are available. 

12. Twins in prefl"ptial c()flceptions.-A very remark· 
able phenomenon in the frequency of twins is the fact 
that it is high for prenuptial conceptions, as the folJowing 
table shews:-

Ratio 01 Twl .. bora varlou perioda after Marriap; 
A.uatrall. IM8·15. 

KOIIUi8 .fter 
•• rrlq ••. 0-8 N .-. 

Twiu .11 

10,000 CODfta. 101 80 101 '1'7 7. 78 ' 81 91 

"tIoa r-.. 
between •• •• 1'I.1I'l '71-111 88-111 
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The results given above for 24 to 84 months are for ftrst .. 
births only, and are during the period 1908-14. 

The ratio of twins for 7.11, and 11-26 years, was only 
77 and 78, over all (0-26) it was 82, while for 1-26 it 
was only 79. 

With trIplets the ratio for years 0-1 was 71; for 1-4, 78; 
for 5-26, 87; and for years 1-26 it was 88; but these 
results depend on but very small numbers and no inference 
can be drawn from them. 

13. Frequency of tws according to number of ct:mfine­
ments.-As age increases with number of confinements, it 
is impracticable to distinguish between effects due solely 
to age (') from those due solely to the number of previous 
confinements. The frequencielJ accordIng to pre\rious issue 
indicate approximately the following results:-
Prtm01l8 

_1I_ataO II 8 4 Ii • 7 8 110 
No. .,.. 10,000 

_lInementa 811 IS 107 117 124 180 184 188 118 1.. 140 
tCalaalaW 1tJ' 
1_ • 85 98 lOS 115 111 180 184 18S 141 1411 148 

'The results are very closely expressed by the formula 
N -- 143-0.58 (10-0)11 

in which N - the number of twins per 10,000 confinements 
and 0 is the number of previous confinements. 

14. FuriMr questions and conclurions.-When tht' data 
are extensive enoulrh to admit of it, it may be possible to 
eliminate from such results as have been given, all con­
fusion due to the effects of secular changes in such ques­
tions; for example, as the influence <a) of the duration 
of marriage, and (b) of the number of previous confine­
ments upon the frequency of multiple-births. It may also 
be possible to make small corrections in the analysis of 
.eases of multiple.births for changes in masculinity. More­
over, we shall see that it is not impossible that the admix· 
tures of age of husbands and of wives have sosne e:ffect. 
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Their influence upon the frequency of confinement itself 
is very marked, as has been shown by Korasi of Budapest, 
and by ourselves·. It has also been shown by ourselves 
that there is an etfect due to the ages of husbands and 
wives, which for Australia, 1907 to 1915, was as follows:-

'l"wba-DIi8oreac,. Frequeac, of TwilIII (aDd Triplet.) accordlq 
to BPI! of h .. ba ... ad motIlen, Australia 1'07-1&. 

lu~ 
All TnP-Trip-

aaes leta leta 
AaeI of llotlleN. TwiD.~ .... 8'fOIIII8o 19 10 Ill.. 115-8 10-6.... 40-1 411·&4 

Il&-It All ... 
UDCIw 18 117 1111 - - - - - - - 111 - -

1 
18-10 I 48 48 6t II &8 - - - - 44 - -
11 .. n 118 68 67 88 1118 118 - - It 188 lIB 
Ill .. I 18 40 64 64 81 116 114 I,. - 81 108 81 10-6 I 15 88 II' 6a 80 1111 167 110 - 101 &8 la 

J aw - 61 48 68 III 114 II' 117 128 110 11& 118 
40 .. - - .. 64 111 III 1118 II' 81 1Il8 8a III 

'!I 4Ii-I - - la8 8& 10& 117 1111 118 87 118 176 1411 

! 
10.. - - - 89 17 164 1&1 8a 88 116 804 IllS 
IiII-I I - - - - 64 H 110 1118 '14 11'7 1811 .188 
eo.. - - - - III 171 101 14. 86 III - -8&-8 - - - - - 808 111 - - 181 - -

..... 111-81 15 41 liS 68 III 117 lila 1111 118 
All ... .7 118 61 64 II 11'7 1&8 1111 78 101 All tnpleta 
'l'rlplete 

Twb 15-88 - - 8' 611 711 164 an - ... 
Alltwlllll 

" AU ... - II .,1 88 81 11frl1l - ,II " 
In all cases the ratios are per 10,000; that is, 10,0(10 con­
finements for twins, 10,000 twins for triplets. A review 
of the ratios on the horizontal lines shows at once that 
there are systematic differences. In general the frequency 
of twins increases up to age 39 for the mother. A SImilar 
examination of the vertical lines shows that the differ­
ences are irregular. Thus, although the age of the husband 
has a very definite influence on the maternity-ratio itc;elf, 
it has apparently none at all upon the ratio of twins to 
confinement&. 

At present there are not sufficient cases to ascertain with 
any precision the triplet-diisogency for Australia, but the 

._----
• See IC_I, PhD. Trail. VoL 186, pt. IL, pp. 'lSI .. ." aDd O. II. ICDIII~· 

Ilath. Tbeol7 of PCIP1I1atIoD, Pp. 11 .... 8. 



ratios of triplets per 10,000 twins is approximately u 
foUOW8:-

BIII1Iaada. BatIO to 10.000 t.wt... Katio to 1.080.000 Ill ...... 
lWlv_ undel" 10. wm. 10 Ai OftIjWIV8 U1I4R ao. "'1". 10 Ai cnr .. 

Ubder 80 I 88 169 I &0 889 
80 and over I 84 109 I 70 144 

·ot_......"ap 

It may be assumed that, since apparently the ap of the 
husband has no influence on the frequency of twins, it 
has none in the case of triplets. Taking the final horizontal 
line on the preceding table as Indicating the effect on the 
ratio of twins (for all husbands) according to the age of 
mothers, we have the following results:-
Ages of mothers • • 20 21-4 25-9 30-4 85-9 40-4 
Per 10,000 twins • • &6 75 82 81 150 156 
Calculated by formula 49 67 73 97 129 171 
ThiS result IS very irregular, and no simple and probable 
expression Will fit it. Probably the number of tripletl 
T per 10,000 twins is sufficlently well given by 

T-49 + 0.16 (z-20)11 
to indicate the general law of their occurrence. 

The frequency of tWlDS according to age and order of 
con1!nement needs much more exhaustive study, as haa 
already been shown by Ufl.· Maternity is powerfully in­
fluenced by social traditions and contraceptive practices, 
but in the occurrence of multiple births, physiological laws 
doubtless alone operate, For this reason, both students of 
demography and others are interested in the measurement 
of the varIOUS uniformities which are revealed by a study 
of the reproductive phenomt'na of the human species. 

One of the most Temarkable conclusions to which these 
studies lead, is a recognition of the intensification of the 
femininity of a population by its multiple-births. Thus 
for the German Empire the masculinity of all births was 
1.056 (1906-13). Among twins it was reduced to 1.037, 

... tII. 'rIuIar7 J'opn.. P. 188. 



among triplets to 0.974, and among quadruplets to 0.778, 
which reduction is sensibly as the cube of the number of 
the exces\ of births, over 1, and is given by 

p. - 1.056 - 0.0103N1, 
where N ia the number over 1 of the multiple-births 0, 1. 
2, 3, etc. This formula gives per 1000, 1056, 1046, 974 and 
778 instead of 1056, 1037, 974 and 778. 

Another result of importance is the fact that, with twins, 
756 in )000 are produced from two ova, and 244 by the 
division of one ovum, while in the case of triplets only 
109 in 1000 are produced from three ova, while 891 are 
produ.eed by the division of one ovum and the fertilisation 
of • second ovum. We can see better relatively what is 
occurring by setting out the cases thus:-

('onfinf'ml'nts, 1,000,000.-
Twin cases, 12,856. Triplet eases, 124. 

- 2 ova, 9719; 1 ovum, 3137. 3 ova, 14; 2 ova, 110 
which infii('at('s how rare triovulation is. For very rougb 
eRtimate'4 of rl'lative frequencies w&o4nay S8y that twins 
occur onel' in 100 confinements, tripll'ts once in 10,000, 
quadruplpt'l once in 1,000,000 and quintuplets twice in 
10.000,000: 

Australia, as time goes on, can afford valuable material 
for the study of all the intricacies in the laws of the 
growth of a population, but at present we are not record· 
ing the fat"t .. with the thoroughness that might be desired. 

J-I..,I .... 
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THE ESSENTIAL OILS FROM THE LEAVES OF 
MURB.AY.A KOENIGll (SPRENG.), MUBB.AYA 
EXO'l'IC.A (LINN.) AND MUBRAYA EXO'l'ICA 
VAR. OVA'l'IFOLIOLA'l'A (ENGLER). 

By A. R. PENFOLD, F.A.C.I., F.C.S., 
BctmOmic Chenusl, Technological MlUftfm, Sydftl'J" 

and 
J. L. SIMONSEN, D.~c., F.I.C., F.A.S.B. 

POI'''' Research Chemist, Forest Research Institute, Dehra Dun, India. 

(Read b,/ore Ih, Royal Society 0/ NIfIJ Soulh Wales, August 5, 1925) 

Although it has long been known that the leaves of the 
various tlpecies of M urraya contain essential oils yet, so 
far as the authors are aware, no detailed investigation of 
the oils present in the leaves of the three species, M. Koe­
~.tg", Spreng., M. ea:otica, Linn., and M. ea:otiea var. ovati­
/oUolata (Engler) bas been made (for previous literature 
see Gildermeister and Hofmann Vol. I., p. 541, II. 648.). 
Since M. ezohoo is found both in Australia and in India, 
we decided to collaborate in the investigation of these oils. 

M. Koenigii, Spreng. occurs in the Outer Himalayas ... 
from the Ravi ~astwards ascending to 5000 feet, in Assam, 
Chittagong, Upper and Lower Burma, Chutia Nagpur, 
Bengal and in the evergreen and deciduous forests of the 
Peninsula where it is somewhat uncommon. 

M. ea:otka, Linn., is found in the Sub-Himalayan traet 
from. the Ravi eastwards ascending to 4500 feet, in ASsam, 
Upper and Lower Burma, Chitta gong, Behar, the Satpur8 
range, Chutia Nagpur, the hills of the Peninsula and jn 
tbeAn~D8. 



The botany of the Australian variety, M. e~tica var • 
.otJati/oliolota (Engler) is described in "Comprehensive 
Catalogue of Queensland Plants" (Bailey) page 82, the 
description of M. exotica in Bentham's "Flora Austra­
liensis," Vol. L, p. 369, also probably refers to this plant. 
It occurs chiefty in Queensland and is undoubtedly the 
indigenous form of M. e:rotica. It is a shrub or small tree 
with bright green leaves and in habit is rather more 
&traggly than the type, but possesses distinctive botanical 
characters, which readily differentiate it from M. exotica, 
Linn. 

The examination of the three oils has shown thpm to 
resemble one another in that all of them consist chiefly 
of sesquiterpenell. This fact, taken in conjunction with the 
very low yield of oil, renders them unsuitable for economic 
exploitation. The low yield was partly accounted for by 
the fact that unless the leaves were subjected to steam 
distillation immediately after collection decomposition, 
with loss of material, took place. Tl11Ifloss could be avoided 
to some extent in the calle of the Indian oils sin,'e the 
leaves were eollected in the vicinity of the laboratory, but 
with the Australian oil (from M. exotica var. ovatifoliolata) 
the leaves had to be air-dried in the shade to allow of their 
transportation from Queensland to Hydney. In the moist 
state decomposition with loss of oil was rapid.· 

The oil from M. Koenigii has been found to be the most 
interl'sting, lIin('e it was found to contain, in addition to 
o-pinene and l-caryophyllpne, the bicyclic terpene sabinene, 
which was apparently present in the racemic form as it 
yielded on oxidation dl-sabinenic acid, an acid not pre­
viously described. The acid which, when anhydrous melted 

• Darbl, the examination of this oil, smill quantities of 
lWIinoUl lubstaneee, probably Clucosidu. were separated, but 
Mpeated attempts at puriileation were unsuccessful. 



at 84.85 0 , was identi1ied by direct comparison with a lpeei.. 
.en of the racemio acid prepared from equal parta of the­
tJ.. and l- forms. 

The oils from the two species of M. ezoticcf yielded onl)" 
Besquiterpenes and sesquiterpene alcohols. The chief con· 
stituent of the Indian oil was found to be z..cadinene 
identified by its hydrochloride, whilst bisabolene was simi. 
larly identified as one of the seaquiterpenes present in the 
Australian oil. The other, the main aesquiterpene and 
sesquiterpene alcohol, could not be identified, since they 
did not yield any crystalline derivatives with the usual. 
reagents. 

EzperWn6ntal. 
(1) The Essential Oil, from Murraya Koenigii, Spreng. 
The oil used in the experiments described below was 

obtained by the distillation in steam (30lbs. pressure) of 
the freshly gathered leaves of M. Koenigii colleoted at 
Debra Dun. The yield of oil (0.04 per cent.) was found 
to be somewhat variable and to diminish rapialy if the 
leaves were kept for more than a day after collection. The 
oil, wblch was pale yellow in colour, had a somewhat 
unpleasant smell and gave the following constanta:-
8p. Gr.U·O.8711, R.l. 30·C-1.47d, !,:,!::'-18.:a", aOld value 1.1, 

saponification value 11.06, saponification value after 8ce17· 
lation 31.83. • 

A quantity J)f the 011 was dlstilled under diminished 
pressure (100 mm.), when the following fraotiona 
resulted:-

Tab" I. 
No. B.Pt. (100 mDl.) DUT N o· 

J) [CI]lo, Yaeld % 
I. 95-115· 0.8476 1.468 -5.67" 9.8 

II. 115-130" 0.8515 1.465 -4.83· 20.4 
III. 130-170· 0.8674 1.4776 -6.34" 11.9 
IV. 170·190" 0.895 1.4942 -15.5S· 47.5 
V. 190-240· 0.8973 1.489 9.0 



Fractions I. and II. were systematieally refractionated 
... t the ordinary pressure, when ultimately the foHowing 
fractions were obtained:-

Bo. H.ft. (888mm.) 

1. 155-158° 
:2. 158-160° 

7'Gble II. 

Df&; Nao' 
D 

0.8413 1.462 
0.8413 1.463 

[aJ~o. 

-6.06° 
--4.8° 

Yield" 

=.:::.; 
5.7 
6.1 

0.8441 1.464 --4.02° a. 160-165° 10.7 
-4. 165-170" 2.0 
.5. 170-185° 2.9 
6 130-170° /100 mm. 0.8674 1.4776 _6.34° 14.3 
"1 •• 170-190°/100 DUn. 

8.· 190-240°/100 IIUQ. 

Fmel.on. 1 and 2.-These two fractions consisted essen­
tially of a-pinene since on treatment with amyl nitrite 
under the usual conditions they yielded copious precipi­
tates of pinene nitrosochloride wlW;b melted and decom­
posed at 119°. The a-pinene was probably mainly dl-a­
pinene, since it yielded on oxidation dl-pinonic acid, no 
.active pinonic acid being obtained. 

Fraction a.-Examination of this fraction showed it to 
be a mixture. When treatt'd with amyl nitrite it yielded 
a small quantity of pinene nitrosochloride, showing the 
presence of a-pinene. When the hydrocarbon was oxidised 
with potaSRium permanganate in alkaline solution under 
the conditions described by Wallach (Annalen, 1908, 359, 
265), a sparingly soluble sodium salt was obtained which 
-crystallised from hot water in fine needles. Th-e acid, 
which was obtained from the sodium salt on acidification, 
was purified by crystallisation from water, from which, 
1Iolvent it Reparated in flne glistening needles. When air-

• From Table L 
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dried it melted at about 68°, but on keeping in a vaauUID. 
desiccator over sulphuric acid the crystals gradually de.. 
crepitated owing to the loss of water of crystallisation, and 
the melting point of the anhydrous acid was found to be 
84.85 0. In alcoholic solution it was found to be optically 
inactive. 

This acid was identified as dl·sabinenie acid, which doa 
not appear to have been described previoualy. It was 
found to be identical in every respect with a specimen of 
this acid prepared by the admixture of equal parts of d­
and l·sabinenic acids. 

The racemic acid was found to retain the water of cry­
stallisation very tenaciously, since a specimen dried for 
twelve hours in a vacuum desiccator over sulphuric acid 
gave the following figures on analysis :--0.0602 gram gave 
0.137 COs and 0.0462 gram H20: C - 62.0, H - 8.5. 
C10H 1.0., iHaO requires (J - 62.2, H-= 8.8 per cent. 

A specimen of the acid dried for some days over phOl­
phorus pentoxide was found to be anhydrous :-0.1085 
gram gave 0.2496 gram CO J and 0.1035 gram HIO: 
C -- 65.5, H - 8".5. CloHlS0d requires C = 65.2, n .... 8.7 
per cent. 

dl-SabinenlC acid resembled in its general properties the 
active forms of the acid, but was much more soluble in 
water, whilst the sodium salt also showed a greater solu­
bility. 

Fraction 4.-This fraction ... too small in quantity for 
examination. 

Fraction 5.--(j'~~", .owed the absence in this 
I. 

fraction of ter . plaellandrene. When dissolved 
• in acetic aci with bromine in ice-coll soluticm 

\ . 
a small cry precipitate was obtained. This melted 
at about 120° and was possibly dipentene tetrabromide, but 
~ qUIDtity was insu1Bcient for recrystallisation. 
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I'ractitm 6.-This fraction, after treatment with alco­
holic potauium hydroxide solution to hydrolyse any eater. 
present, was refractionated under diminished presaure 
(100 mm.), when it was readily separated into two main 
fractions 6 (G) distilling below 130° and 6 (b) distilling at 
17()"190·, Fraction 6(a) (yield 3 per cent. calculated on 
the original oil) was found to be nearly pure ill-sabinene, 
aince on distillation at the ordinary pressure it was found 
to boil at 160-165 0. Fraction 6 (b) (yield 10 per cent.) 
was found to consist of l-caryophyllene (see below). 

Fraction, 7 and B.-Fraction 7, which formed the main 
bulk of the distillate, was combined with fraction 8 and 
heated for some hours with excess of an alcoholic 
solution of potassium hydroxide. After addition of water 
the neutral oil was separated, the alkaline solution being 
reserved for later investigation (see below). The oil was 
purified by distillation, when practically the whole boiled 
at 178-185·/100 Mm. After two distillations over sodium. 
it was found to boil at 178-180° /l.® mm., and to have the 
following constants :-018·0.8946, l\: 0°1,4992 [a]; 0 °-12.650 : 

0.1217 gram gave 0.3925 gram CO. and 0.1299 1l'8m H20; 
C =- 87.9, H - 11.9. 

('IIHJ • requires C - 88.2, II - 11.8 per cent. 

An examination of this sesquiterpene has shown it to be 
l-caryophyllene. It yielded a nitrosochloride melting at 
158-160°, a nitrosate which decomposed at 162°, whilst on 
treatment with sulphuric acid in acetic acid solution caryo­
phyllenic alcohol melting at 94_96° was formed and gave a 
phenyl urethane melting at 1360 • 

In addition to l-caryophyllene a small amount of a high 
• boiling oil, probably 8 sesquiterpene alcohol, was separated, 
but it was insufficient in quantity for purification. 

Oombined Arid •. -The alcoholic potassium hydroxide 
solution (see above) was evaporated on the water bath until 



free from alcohol, cooled and acidified, when a rparinrl1 
_uble semi-solid acid separated. This was taken up witlt 
ether, the ether dried and evaporated, when an oil reo 
mained which partially cryatallised. After trituration with 
a little dilute methyl alcohol the solid was collected, 
drained on porous porcelain and recrystallised from methyl 
alcohol, when it was found to melt at 61-62°, and was iden­
tUled as palinitic acid by the method of mixed melting 
point. The methyl alcohol contained a small amount of a 
liquid acid, which was not further examined. 

(2) Pke EIIBfttial Oil from Murraya exotica, Linn. 
The leaves of this shrub, grown at Debra Dun, yielded 

on distillation in steam a small quantity of oil, the yield 
being about 0.01 per cent. It was very dark in colour and 
possessed an unpleasant smell. It had the following con­
stanta:-Dlt' 0.9023, IS:·· 1.496, saponification value 8.87, 
.saponification value after acetylation 72.53, solubility in 
80% alcohol-insoluble in 10 volumes. 

The oil (40 c.c.) was distilled under diminished pres­
aure (10mm.), when the greater part (34c.c.) distilled at 
125-142°. Since, owing to the small quantIty of material 
available, it was not possible to separate the sesquiterpene 
alcohol present in a pure state, the total distillate was 
repeatedly fractionated over sodium, when ultimately a , 
pale yellow oil. (15 c.c.) was obtained, which boiled at 
129-131 °/10 mm. It had the ,..owing constants :­
.otto 0.8946 N!·· 1.4988, [CI}.-lU·o1 

~f 

On treatment with h:r.fJr. ••• ride a crystalline hydro-
-chloride melting at 1~911 •• 8 obtained, and this wu 
identified as cadinene hydrochloride. The yield was small, 
and thil, taken in conjunction with the phY8ical constants, 
indicated the presene of a Be60nd sesquiterpene, which was 
not ideDtified. During the distillation it wu observed that 



the oil was distinetly fluoreseent, indieating the possible 
preaenee of methyl anthranilate. 

(3) Th, E",~tial Oil from Murraya exotiea, ttar. 
ovatifoliolata, Engler. 

Three different samples of the leaves and terminal 
'branchiets of this shrub, grown at Eidsvold, Queensland, 
-were distilled in steam, the results obtained being shown 
In the following table:-

Date 
W-:lIt Yt,:!d 

lea.. oeDt. 
IV/11/22 88 lb •• 0.115 
"1/1124 88lb •• 0.08 
1'118/24 18Vlba. 0.12 

!'GlIIt m. 

DU· N·o· • 
0.9128 1.5008 
0.9117 1.5004 
0.9121 1.499 

[.]» 

-24.V· 
-10· 
-1"· 

..... ==: c ... ...:-
19.37 68.&6 
26.18 
19.83 

The oil from the last two distillations (53 c.c.) was 
washed with dilute alkali to remove the free acids and, 
after hydrolysis of the esters present with alcoholic potas­
:aium hydroxide solution. was distilled under diminished 
pre88ure (10 mm.), when it was se,arated into two main 
fractions, (1) 110-129° (8 c.c.) and (2) 129-133° (40 c.c.). 
Repeated distillation of the oil, the lower fractions being 
distilled over sodium, resulted in the separation of three 
main fractions, fractions I. and II. comprising about 80 
per cent. of the total distillate. 

Ta"I. IV 
No B.Pt.IOmm. DUO N·oe 

II [aJD 

I. 124-128° 0.9004 1.497 -12.2° 
II. 128-131 ° 0.908 1.4999 -10.2° 

III. 145-152° 

Fractions I. and II. were found to consist of sesquiter­
penes and yielded the usual colour reactions with bromine 
.and sulphuric acid. The former, on treatrpent with hydro­
-ehloric acid gas in dry ether, did not yield a solid deriva­
tift until it had remained in the ice-chest for over twelve 
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lllonths, when a number of crystals were observed di ........ 
nated through the VillCOUB mall. These were separated. 
and after re-crystallisation from ethyl alcohol melted. at 
79.5-.80°0. This crystalline derivative proved to be a tn­
hydrochloride, identical with bisabolene:-

0.0322 gram of seaquiterpene chloride gave 0.0430 gram 
AgOI, equal to 33.03% 01. OuB .. 3BC! yields 33.97% OL 
The other sesquiterpene present, which appeared to be 
concentrated in fraction II., could not be characterised, 
since it did not yield any solid derivatives. 

Fraction III. was shown to be a sesquiterpene alcohol and 
gave on treatment with formic acid a hydrocarbon; neither 
the latter nor the alcohol yielded crystalline derivative8' 
with the usual re-agents. 

p,.ee Acid,.-The alkaline solution with which the ori­
ginal oil had been washed gave on acidification a crystalline 
acid which melted at 62.5° and was identified as palmitic 
acia. 

ComMnBd ArKU.-The alcoholic potassium hydroxide­
solution with which the oil had been hydrolysed was evapo­
rated to a small bulk, acidified with dilute sulphuric acid 
and distilled in steam, when a mixture of acids was ob­
tained partially soluble in water. The silver salts of the 
soluble and insoluble acids respectively were prepared and • 
analysed :- • 

0.3094 gram 'gave 0.114 gram Ag. Ag=46.5%. 
0.4072 gram gave 0.1756 gram ~ Ag = 43.1 %. 
("'aHIDOz Ag req?ires Ag - 43.0 'Per cent. 

The principle acid present in combination would there­
fore appear to be caprylic a«d. 

In conclusion, the authors desire to express their thanks. 
to Dr. T. L. Bancroft, Eidsvold, Queensland, and Mr. B. 
N. Parker, Forest Botanist, Debra Dun, for the supply of 
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the material uaed in this investigation, and Mr. F. R • 
• orrison, Assistant Economic Chemist, and Mr. T. P. 
Ghoae Assistant to the Forest Chemist, for help in the 
experimental work. 
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DESCRIPTIONS OF SIXTEEN NEW SPECIES 

OF EUCALYPTUS. 

By J. H. MAIDEN, I'.:&.s., lat, Botanic Gardens, 
aDd 

W. F. BLAKELY, Botanic Gardens Syd • .". 

(RHd be/ort' the Royal Society 0/ New South Woll's. AliglIst 5.1925) 

These descriptions are more or less uniform in present .... 
tion to the nine papers of "Notes on Eucalyptus" by Mr. 
)(aiden, the last of which appeared in this Journal, Vol. 
liv., 1920. Two of the proposed new specie-iii in th(' pre­
sent paper should be quoted a'l Maiden, the remaining 
fourteen as Maiden and Blakely. 

EasterA Specie,. 
1. E. BlolUomei Maiden 
2. E. DV11Ieri Maiden and 

Blakely 
a. xE. Kal4ngadooensis " 
4:. E. microneura 
5. xB. Westoni 
G. E. Wkitei 

• xSuggested hybrid'!. 

" 
" 
" 

.1. ... 
~~ 

Western Species. 
7. E. albida Maiden and 

Blakely 
8. E. Burraroppitleflsis " 
9. E. ('yUftdriflora " 

10. E. DesmondenMs 
" 11. E. DOftgarrae'1lsis 
" 12. E. KeBBelli 
" 13. E. Koftdiniftemis 
" 14. E. Merriekae 
" 15. E. 01Ju'lartB " 16. E. Staerii M:aidrn 

1. E. ~LOXSOMEJ Maiden, n. sp. 
Bloodwood, cortiee lavo, lipo palUdo. Foliis juvenUibus 

]lettolatfa, ovatls. leniter peltatis, tenuibu, venis Heundariis 
ftDlOtis, e costa media clreit8r eo-ss0 orientl1ms; tollis maturi. 
'Iavo-viricH.bua, paulo nltentibu. petiolatis, laneeolatla, falcatla, 
'V8IIiI .. cuDdariia parallelia, approximattuaculll, e coata media 
40-41' orientibue; inftoreacentia umbellia ad 9 in capitulo panl. 
eulaa DOn confertaa terminalea eorymbo .. a formanttbus, ala-



'IIu1aiI .laud., calycie-tabo lub-cyliDdraceo, eOltato; opereulo­
coDico, eal7el11 tab! lonptudinem dimidio equaDte; tructlbu 
ezoceolatil, map", l.IS-Z em. lou.... 1 em. maximo diametro .. 
mU'8ine deprello, p4Idieellil brnib1la, pedunculia loopl. 

A bloodwood of medium size, with yellow, flaky bark, 
known as "Yellow Jacket" or "Yellow Bloodwood." Tim­
ber pale-coloured, and not reputed durable. 

Juvenile leaves petiolate, ovate to ovate-Ianceolate, slightly 
peltate, thin, the rachis rough with minute glandular 
papillae, the secondary veins roughly parallel and distant, 
making angles of about 60-85 degrees with the midrib. The­
intramarginal vein distant from the edge. 

Intermediate leaves large and broadly lanceolate, aeumi. 
nate, 10-17 em. long, 5-7 em. broad, paler than the adult 
leaves, slightly rough, the branches acutely quadrangular. 

Mature leaves thickish, yellow-green, moderately shiny, 
or of an egg-shell lustre, petiolate laneeolate, falcate, 12-19 
em. long, 2-3 cm. broad, secondary veins moderately dis­
tinct, parallel and moderately close, IABking angles of about 
40-55 degrees with the midrib; intramarginal vein rather 
close to the edge. 

Inflorescence: Umbels up to 9 in the head, forming mode­
rately loose, terminal corymbose panicles. Each umbel on 
a long peduncle, each :Rower on a short but distinct pedicel. 
The buds glaucous, the calyx-tube sub-cylindrical, ribbed 
and abruptly tapering into the pedicel, 10 mm. long, 5 mm. 
broad at the top. The operculum conical, half the length 
of the calyx-tube and wider in greatest diameter than the 
calyx-tube. Anthers of the Corymbosae. 

F,.uit, urceolate, large, 1.5-2 em. long and 1 em. in 
greatest diameter, run countersunk, the capsule well sunk, 
pedicels short, peduncles long. They exhibit a longitudinal 
vein-like appearance when dry, owing to the shrink. 
which exposes the flbro-vaacular bundles. 
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The type is from Rippong, Queensland; Herbert SeJlrei.. 
ber Bloxsome, in whose honour the species is named. He 
has taken great trouble to furnish information and speci­
mens. 

Range. 

Confined to Southern Queensland, so far as we know at 
present. Parish of Boondooma, 70 miles N.W. of Wendai 
(Forest Guard Higgins, August, 1918). In large quantities 
in the Chinchilla State Forest on the Condamine Water (the 
Kain Range runs right through it). Locally known as 
"Yellow Jack" or "Yellow Jacket" (Forest Ranger G. 
Singleton, September and October, 1918, through C. T. 
White). "Bloodwood (Yellow-barked)." Received under 
this name from Dr. T. L. Bancroft from IIipllong, June, 
1919. This is Mr. H. S. Bloxsome's property, and I have 
been receiving specimens and notes from Mr. Bloxsome ever 
since, in spite of a very severe drought. 

Found on hungry sandstone, and its precise area not yet 
defIned. It occurs in the Chinchilla State Forest on the 
west (this to the north includes Hippong; Boondooma is to 
the east, and is on the Boyne River). A line connecting 
Chinchilla (on the Brisbane to Boma Railway) and Mun­
dubbera (west of Gayndah, on the Maryborough to Mun­
dubbera :ijailway) would run approximately through the 
centre of the ~own E. Bloz8omei country, where it is more 
.or less mixed with another yellow-barked Bloodwood (E. 
W at80tllana), and therefore some care in the bush is neces­
sary. Hippong, Wondai and Boondooma are on the Bur­
nett Waters, that empty intp'iIae sea at Bundaberg. 

t'I", 

"'i68. 
This new species is interesting, in that it connects E. 

peltata and E. W 4uoniatla, Apeeies whose phytogenetic re-



latiODB were not very clearly defined. They exhibit simi­
larity to the present species in bark and timber, seedlings, 
and in fruits. For some time I looked upon it as a variety 
of B. p61tata, but for the reasons which follow, I think the 
interests of seience will be bett('r conserved by recording 
it as a species. 

1. With E. peltata F.v.M. It differs from E. peltata 
in the much larger pt>uicellate fruits and in the scarcely 
pel tate juvenile leaves. In the majority of specimens of E. 
peltata, the buds and fruits are sessile, or, when pedicel­
late, only shortly so, while they are constantly pedicellate 
in E. Bloxsomei. The huds and fruits appear to vary more 
than in E. peltata; some are nearly as small as in E. pel­
tata, while others are considerably larger, reminding one of 
small fruits of E. Watsoniana. 

The s('edling of E. Rloxsomei differK from that of E. 
peltata in having alternatt' leaves after the fir!,t pair. In 
ODe Reedling it is alternate immediately after the cotyle­
dons. Tht're are as many as six pairs on ont> st'edling of 
E. peitata and only two on another. In E. Rio:rso'mei, the 
peltate character is more retarded; it only appt'ars in one 
leaf at 6 inches, tht' two other leavE'S after ar(' not pelt ate. 
In E. peltata, the peltate character somE'times starts with 
the second pair of It'aves and continues for a long pt'riod, 
at least until the seedling attains a height of 12 inches. 

Almost from the earliest stage, or at least from 3 inches 
in height, the leaves of E. Blozsomei are larger and 
broader than those of E. peitata. The intermediate leaves 
are also produced much earlier in E. Blozsomei than in 
E. peltata. The setae of E. Blouomei are finer and shorter 
than those of E. peltata. 

To sum up, the seedling E. Bloxsomei appears to be 
closer to E. Walsoniana than to E. pellata. The opposite 
character of the leaves is the same in both species. 



2. With B. lVM'~ F.v.M. The larp fruita of B. 
B~, with their comparatively lODler and more slu. .. 
der pedieels, more stronriy resemble those of B. Wa"~ 
than B. peltata. We have specimens of B. BlouOtnel from 
Wondai with small pedieellate fruits and buds. The latter 
are not glaucous, as the buds of E. peltata. I bave a1readJ 
dealt with some resemblances to E. Wat,oniMaa. 

2. E. DWYER! Maiden and Blakely, n. sp. 
Mallee ramo .. , foliis obscuris. foliis maturis cralliuscuUI. 

lanceolatil, petiolatis, venis aliquantum conspicuis, venia 
aecundariil e cOlta media eirciter 46° orientibus, inftoreecentia 
in umbe1lis ad 7 in capitulo, in pedunculis paulum planatil. 
pedicellis brevibus vel absentibus; alabastris nitentibus. 
operculis attenuato-eonicis, calycis longitudine cum tubo 
equantibus; antheris versatibbus, atque ex Macrantheris; 
fructibus paulum urceolatis vel campanulatis, hemisphericis vel 
sub-cylindracelB, brevioribus, margine latlore et fere horizontaU, 
valvis exsertiB. 

Usually a small branching Mallee, but, like some of the 
Mallees, it may exceptionally attain the dimensions of a 
small tree. The foliage dull-coloured, drying olive-green. 

Juvenile leaves narrow-Ianceolate, but not seen in the 
earliest state. Intermediate leaves (not seen from type 
locality) broadly-lanceolate. 

Mature leaves moderately thick, lanceolate, petiolate, the 
venation not very cODspicuous, slightly spreading, but the 
secondary veiDS on the whole parallel, and make an angle of 
about 45 degrees with the midrib; the intr&m81'ginal vein 
distinctly removed from the edge. 

1./ZorelCe'AOe in umbels .. to seven in the head, on 
slightly 6attened peduncle. u9 to 1.5 em. 10Dg, the pedieels 
short or abaent. The buds ahining and brown in oolour, 
operoulum attenuate-oonical, of the aame length as the 
calyx-tube, which is acarcely ribbed, and which tapen 



gradually into the very short pediceL Anthers versatile~ 
opening in parallel slits, gland at the back; belonging to the 
Maerantherlll. 

Fruits slightly urceolate or campanulate, hemispherical 
or sub-cylindrical, rather small, up to about 9 mm. in 
greatest diameter, rim broadish and nearly horizontal, the 
valves whitish (through a thin discal membrane), and dis­
tinctly exsert. 

Type from Gungal, near Merriwa, N.S.W., preferring 
ridges (J. L. Boorman, September, 1904). 

In honour of the Right Reverend James Wilfred Dwyer, 
Roman Catholic Bishop of Wagga, N.S.W., who, when 
Parish Priest of Temora, collected this species on several 
occasions, and who has been an acute observer of native 
plants for many years. 

Range. 
So far It haR been recorded only from New Houth Wales, 

and in moderately dry, but not very dry, areas. In view 
of the fact that it is a Mallee, and that it is superficially 
similar to at least two other species, we confidently 1,redict 
that its range will be considerably added to in the near 
future. 

At present we know the species from three main areas­
(1) Between the Murrumbidgee and the Lachlan Rivers, 
which may bt' briefly described as the Temora-Wyalong 
country; (2) the Merriwa-Denman area, where the type 
came from; and (3) the Pilliga Scrub. Outliers from (1) 
are the Nymagee district, and from (3) the Warrumbungle 
Mountains. 

Definite localities are:-
On quartzite ridge, Ardlethan (R. H. Cambage, No. 

4192); small or medium sized trees of 12-40 feet high, 
growing on the ridges around the township and at the 

K-AUjlUlt Ii, 19t1i 



Itt I • ......... .0 W. ,. """1'. 
mines (J. L. Boorman) ; small to medium-aized treea, haY" 
iq mueh the habit of a Red Gum, bark dark rrey, ribboDJ 
towards the base of the stem, Wyalong (J. L. Boorman); 
Wyalong (W. S. Oampbell, 1901); Red or Oabbage Gum, 
Barmedman, on ridge (R. H. Oambage, 16th September, 
1900). 

Temora, Nos. 112, 499, S35 (Rev. J. W. Dwyer). II.A. 
gum resembling E. tereticornis, smooth bark, deciduous, 
dark grey or greenish, bluish on trunk, but creamy on 
branchlets. About 20-30 feet high. Fruits remind one of 
E. St1UJrtiana." Road Temora to Mirrool (Rev. J. W. 
Dwyer, No. 196). "A straggling, low, branchy type, re­
sembling MaUee, bark of a rum tree, smooth, varying in 
eolour from rrey to white. About 12 feet high." Temora 
State Forest, 10 miles from Temora (Forest Guard C. O. 
Love, Nos. 6 and 7, 1915). 

A Mallee, Blow Clear State Forest, 8 miles north of 
Bogan Gate (K. Walker, Nos. 5 and 6, 1915); growing in 
MaUee form, 8 or 10 stems from one root, and about 20 feet 
high, Wirlong, Nymagee (R. H. Oambage, No. 1011); 
referred to as E. tereticomu var. dealbGta (E. dealbata) by 
Mr. Cambage in Proc. Linn. Soc., N.S.W., xxvi., 204, 1901, 
and by Mr. Maiden as resembling the Gung.l specimens, 
ib., xxix., 773, 1904. 

Sent in as " A. ". "A small tree of branching habit, DO 
stem, specimens were obtained from the young shoots, was 
not able to form any idea as to size. Top of hill in ODe 
locality only." Gungal, near Merriwa (J. L. Boorman, 
September, 1904). Anothv specimen, also labelled "A2," 
.and labelled "Mallee." I'IIIee of timber with this. 

Sent in as "B." "MaUee-like trees or shrubs, tops of 
tJae hills; on the :flats not plentiful. Timber of this. " Gun. 
gal, near lIerriwa (J. L. Boorman, September, 19(4). "In 
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the 'Vicinity (Jre1Jtllea longilty'ta and Philotheca atUfN.. 
1M var. Beiche'nbach .. ioma grow ..•. The Eucalypts are 
'Very interesting, and, 80 far as my knowledge goes, they 
are new, with affinity to E. te"eticorn.is 'Var. b"e1JifoU,a. 
. . . There is a large quantity of E. trachyp1tJoia grow­
ing on the sides of the hills allover the district" (J. L. 
Boorman, September, 1904). 

Growing like Mallee on sandstone, top of Mount near 
Shale Mine, Baerami, west of Denman (R. H. Cambage, 
No. 2687). 

About 14 miles west of Dunedoo, near Merrygoen railway 
station. A MaUee about 10 feet high, with thin straight 
stems, 2-3 inches in diameter. Bark smooth, blotched. 
Leaves somewhat glaucous, young branches reddish. Buds 
IOmewhat stellate, yellowish, very numerous (Andrew 
Murphy, January, 1924). Mr. Murphy also states that it 
grows "all over" the W arrumbungles and is the common 
MaUee of that part. 

Now we come to the Pillip district. " A Mallee-like plant 
()f 8-12 feet, stems 3-6 inches in diameter, tips of twigs 
.claret-coloured. On stony ridges at a high altitude. 
Forked Mountain, Coonabarabran. On the road Gunnedah 
to Coonabarabran, about 4-5 miles from the latter town­
ship. Found (by me) in one spot only of the eastern fork, 
in the vicinity of the Mission Station" (J. L. Boorman, 
September,1908). (This is Burr&, Bee Dee, the Abori,mal 
Station, 6 or 7 miles from Cocmabarabru..) 

1. "Mallee-like habit, but probably B. dealbata." La­
belled No.1. 2." Clean-stemmed Mallee with galls. La­
belled No.2. Fruit 1arser than No. 1." (Both Pilliga 
Scrub, near middle) (Dr. J. B. Cleland, 7th October, 1918). 

, 
"Mallee. t, Growins in isolated patches amongst Curra-

eabah scrub on sandstone cOlUltry with clay subsoil. Pariah 
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Jlilner, Oounty White (Forest Guard E. H. F. Swain, No.. 
10, 14th July, 1912). "Mallee," poor heathy lands, south­
east Pilliga (E. H. F. Swain, No.6, August, 1913). 

"Resembles a yoUDg E. ter6ticOf'ft.is. Oollected frolQ 
saplings about 4 inches butt diameter (mature gums grow­
ing among them. It was taken for granted they were of 
the same speoies as the saplings, but from superficial obser­
vation there appeared to be no buds or fruits on the mature 
trees. The mature trees grow 4-5 feet girth, and about 
40-50 feet high, branching, and as a rule orooked.) Im­
provement Lease 1777, Parish Brigalow, Co. Pottinger, in 
oompany with E. trGChyphlDia., etc. (Forest Guard M. H. 
Simon, No. 110, August, 1913). That the species attains 
a height of 40-50 feet seems doubtful, or at all events to be 
proved (J .H.M.). Gum, 40 feet high and 12 inches in 
diameter. Timber and bark available. Forest Reserve-
35919, Parish Brigalow, Co. Pottinger, Gunnedah district, 
June, 1915 (Forest Guard M. H. Simon, No.8), 

Affinities. 
Although on the probationary list for nearly twenty 

years, its specific rank was con1irmed when seeds from a 
large number of specimens attributed to E. aeaZbata, were 
sown, and a very :dne series of seedling plants compared. 
Two series of seedlings resulted, the true E. aealbata with 
broad leaves, and B. Dwyeri with narrow ones. We have 
here an illustration of the desirability of raising seedlinp 
as a check on determinations otherwise obtained. It may 
be mentioned that ,the leaves of the seedlings of E. pumilG 
are, like those of E. aealb., broad. Further details will 
be given when the seedlings of a large number of specie&. 
are described, when it will be found that in the Bilobae, E. 
Dwyeri comes in Section No. 21, "Narrow-Ianceolate," 
while E. deGlbata and E. pumila are in No. 23, "Semi. 
te:t:ete to quadrangular; petiolate (elliptical to orbioular).''' 
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1. With E. dealbafa A. Cunn. Compare Plates 134 and 
185, Part :xxxii., "Crit. Rev."· An outstanding ditfer­
enoe between the two species lies in the broad juvenile 
foliage of E. dealbataj the pedicels of the same species are 
more defined, the calyx-tubes and fruits more hemispheri­
eal, never sub-cylindrical, while the opercula are more 
conoid, and, when elongated, never as much so as in E. 
DtD1Ie,'" E. dealbafa is a small or moderately large tree, 
probably never a Mallee; its bark is rougher and the 
timber red. 

2. With E. p1tmila Cambage. See Plate 206, Part L., 
41 Crit. Rev." Both species are Mallees, but the juvenile 
leaves of E. pumila are broadl while those of E. Dwyen 
narrowish. The peduncles and pedicels of the former 
are shorter and thicker, and the pedicels are more sharply 
defined from the hemispherical fruits, while the rims are 
more domed. The buds of E. pMmil4 are more attenuate, 
both as regards opercula and calyx-tubes. 

3. With E. riderop'kloia Benth. A suggestion, alll'egards 
fruits, is the above, but E. sideropkloia is not closely allied 
to E. dealbata. Specimens from Arrarowine, Borah Creek, 
Pilliga Scrub, a small white gum with smooth bark, labelled 
E. ftderopkloia by Dr. H. I. Jensen, No. 151, has fruits very 
similar in shape to those of some forms of E. riderophZoia. 

3. xE. KALANGADOOENSIS Maiden and Blakely, n. sp. 

(It is suggested that this may be a I!,ybrid, of which E. 
rubtda may be a parent.) ., 

Arbor alta coniee levi; foliis matul'is alternatis petiolatia 
angustis vel latiusculo-Ianeeolatis, leniter undulatia supra 
subtuaque nitentibus, 8-14 em. loncis, 1.5-8 ~m. latis; venation. 

• I·Crit. Rev." ia a contraction at Maiden's "A Critical Reviaion 
of the Genua EuealJPtua". 
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clt.tineta, venia lateralib1l8 e coata 30-40' orientibaa; in1loreacen­
tia in umbe1lis lirnplic:ibul et axillaribua, pedunculo 10.16 mm.. 
loago, 4-10 tIorea lubieasiles ferentes; calyee turbinato operculo 
roatrato equilon&'o; antheria versatUibus paralleliter debiacenti. 
bUI; disco tIora]e interiorem atro-earnoaam calrcia tubi formut. 
at ad ovarii basin extendente; fruc:tibus turbinati. vel lemiovatia­
disco diatincto coronato et 3-5 valvi. &cutis valde exaertia. 

A tall tree, with a smooth bark (Prof. J. B. Oleland.,. 
M.D., and Dr. J. A. Bonand). 

JutJetMle leave, not seen in the earliest stage, but two in 
the opposite stage on a fruiting branch are shortly petio­
late, broadly lanceolate, obtuse, eoriaceous, glossy on both 
sides, 8 em. long, 4-5 cm. broad, the margin slightly thick­
ened. Venation prominent, the lateral veins few and 
distant, making an angle of 35-45 degrees with the midrib; 
intramarginal vein distinct and distant from the edge. 

Mature leaves alternate, pet.iolate, narrow to broadish­
lanceolate, shortly acute to acuminate, somewhat undulate,. 
glossy on both sides, 8-14 cm. long, 1.5-3 em. broad. Vena­
tion distinct, intramarginal vein distant from the edge,. 
lateral veins making an angle of 30-40 degrees with the 
midrib. 

Infloresoence in simple axillary umbels, the 10-15 mm. 
peduncle bearing 4-10 shortly pedicellate 1iowers. Buds 
10-12 mm. long, 5-7 mm. in diameter; calyx turbinate, about 
the same length as ille rostrate operculum. Anthers versa­
tile, opening'in long parallel slits, the broad dorsal gland 
about half the length of the anther. Floral disc forming a. 
dark carnose lining around the inner portion of the ca]yx­
tube and extending to the base of the ovary, the ovary 
itself conical and slightly exceeding the rim of the calyx­
tube in the newly spent dowers. 

l't'Uit turbinate to semi-ovate, crowned by a well defined 
disc, and 3-5 acute white valves protrudina well beyond it,. 
10 mm. long, 7-8 mm. in diameter. OaplUlar disc thick. 
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convex, extending about half-way over the valves, but quite 
free from them, the rim of the calyx-tube and the staminal 
riag usually well defined at the base of the disc. 

Range. 
This species has been found only in South Australia, 

nt-ar the tOWDship of Kalangadoo, which is situated between 
Grey Town and Kongart, and close to Mt. Burr. 

Affinities. 

1. With E. 'VwiMli, Labill., described in "Crit. Rev.," 
Part xxviii., p. 167, from which it appears to differ 
mainly in the apparently broader juvenile leaves, larger 
and more rostrate buds, and in the considerably larger 
and more turbinate fruit, with its thicker and more uniform 
disc. In typical E. 'ViminaUB the buds are in threes, but 
there Bre sometimes as many as six in the multi-:8owered 
form. In the present species ten seems to be the greatest 
number, and they are much larger than any of the buds 
of the multi-:6owered form of B. tlimiflali, that we have 
seen so far. 

2. With E. "ubida Deane and Maiden, figured in "Crit. 
Rev.," Part xlix., p. 268. The affinity with this species 
appears to be in the broad juvenile leaves and in the nature 
of the bark and timber. But as we have Ilot seen a good 
set of juvenile leaves of E. Kalangadooemis, a proper com­
parison in this direction is not possible at present. 

3. With xE. MclntY"6nsis Maiden, vide "Crit. Rev.," 
Part !iv., p. 166. Both speciel! no doubt have much in 
common in general appearance, also in the nature of the 
bark and in the adult leaves, and possibly in the juvenile 
leaves, and also to some extent in the buds and fruits. The 
buds are, however, much smaller in E. Mclntyrew, al80 
the fruits, which are mort> hemispherical. 
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4. E. KICRONEURA. Maiden and Blakely, Do sp. 

Arbor parva, cortiee Bolt aimili, ramulia lI'aeilib1l1 pelldu1ia: 
foliis junioribwl non visis; foUia maturfs patum Iflaucla 811pra 
811btusque obacuris all&'Usto.v. lato·laDeeolatia tentliuimis, 
marlrinibus undlllatis 8·18 cm. Ionlril, 1.2.5 em. latia; petiolia 
teretib1ll 1.6-2.6 cm. lonlril, venis tenuteeimia, parum conapic1lia, 
venis lateralibus e costa 40.45° onentibas, vena peripheries 
marlrini approximata; inflorescentia terminali panieulata 8-6 
em. loqa vel longiore, peduneulo umbellarum sill&'Ularum tereti 
8·5 f10res peciicellatos ferente: alabastris glaDeie patum ellip. 
ticis 5·8 mm. lonlris, 8 mm. diametro; operculo calycle tubo 
campanulato paulo longiore; antheria semi-terminali'bus; fructu 
turbinato v. eampanulato pedicellato obscure 2·8-eostato, 6-6 
mm. longo, apice 5-8 mm. lato; valva breviblls latis, apicibu 
parum exsertis. 

A small tree with a Box·like bark and slender droopinr 
glaucous leaves and branchlets. 

J u'lJenile leONes not seen. 

Mature leONes slightly glaucous and dull on both sidea, 
narrow to broadish lanceolate to falcate lanceolate, acumi· 
nate, very thin with slightly undulating margins, 8-16 em. 
long, 1-2.5 cm. broad, petioles terete and slender, 1.5 to 
2.5 cm. long. Venation very fine, almost invisible, the mid­
rib depressed or channelled above, prominent beneath, the 
lateral veins making an angle of 40-50 degrees with the 
midrib j intramarginal velD close to the edge. 

Inflore,cence a terminal panicle, 3 to 6 em. lonr or 
longer, the common peduncle of each umbel terete, about 1 
em. long, supporting 3 to 5 distinctly pedicellate ftowers. 
Buds glaucous, iomewhat elliptical, acute, 5 to 6 mm. long, 
about 3 mm. in diameter, the operculum slightly longer 
than the campanulate, faintly ribbed calyx.tube. Anther. 
semi·terminal. Floral disc obscure, represented by a thin, 
dark membrane, lining the shallow calyx.tube, and extend· 
inr over the convex ovary. 
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Fruit turbinate to campanulate, pedicellate, faintly 2 or 
3 ribbed, 5-6 mm. long, about 5 mm. broad at the top, 
truncate, 3-4 celled, the valves short and broad, with the 
tips 80metimes slightly protruding. Capsular disc thin, 
forming with the staminal ring a slightly thickened oblique 
rim over the top of the capsule. 

The type is C. T. White, No. 1385, February, 1922, and 
his No. 1384 may be taken as a co-type. 

Benge. 
So far as we know at present, it is confined to Northern 

Queensland, for it has been collected only on the Gilbert 
River; .. very abundant, Box-bark" (C. T. White, No. 1385, 
February, 1922); "small trees, Box-bark," Forsayth 
(Etheridge Railway), North Queensland (C. T. White, No. 
1384, same date). 

ADi~iti6l1. 

1. With E. SpencerialPl4 Maiden. See Part xxxviii., 
p. 206, Plate 156, "Crit. Rev." Both species are Boxei 
with a hard, more or less deeply furrowed bark, but the 
colour of the timber of E. microneura is unknown, while 
that of E. Spenceriana is a dark red. The leaves of both 
:species are very much alike as regards venation and texture, 
but those of E. Spef&oeriaM are not glaucous; other charac­
ters, such as the anthers and the fruit, are also dissimilar 
to those of E. mkroneura. 

2. With E. microtheca F.v.M., figurE'd in Part xi., p. 
51, Plate 52, "Crit. Rev." This is also a Box with a wide 
northern range, and in cortical characters it resembles E. 
microneurQ. and E. 8penceritma, which is also a northern 
:species. The leaves of E. microfheca, like those of E. micro: 
fiBura, are more or less glaucous, but. the venation is 
coarser in the former, and the fruits are small and very 
di1ferent from those of E. micf'OMwa. 
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3. With It Wlattei n. sp. Some of the fruita of E. 
WAite. resemble those of E. microMura, and the leaves of 
both are more or leas glaucous. E. WAif,. is, howev~r, an 
Ironbark, and not only does it differ from E. ",iorQMum 
in the bark, but also in buds and anthers, u well 81 in the 
venation and textUl;e of the leaves. Both species are found 
at no great distance from each other, and they may eventu­
ally be found in close association. 

5. xE. WESTONI Maiden and Blakely, n. sp. 

(Suggested to be a hybrid, of which E. maculoBCI R. T. 
Baker may be a parent.) 

Arbor medioeri8, rami8 patentlbu8, cortice lamelloaa vel 8Ub­
fibroso einereo; licno pallido albescente vel carneo; foliia 
junioribu8 cra8siuBCulis subglauei8 supra aubtu8que, inferioribul 
foUis oppoaitis sesailibus angusto-vel lato-oblongia, 3-6 em. 
longia, 8-20 mm. latis; venis proM1nentibus, venis secundariis e 
coata 30-40· orientibus; vena peripheriea a margine remota; folii. 
maturis crassiuBCulis petiolatts angusto-Ianeeolatil vel falcato­
lanceolatis, 10-17 em. longia, 1-1.6 em. latis; venis mod ice dis­
tinctis, venis secondariis e costa 30-40· orientibus, vena peri­
pherica margini approximata; inftorescentia axillari; aIabutris 
5-7 in capitulo, cylindraeeis 8-9 mm. longis: operculo aeato 
conoideo 3 mm. longo; anthelis veraatilibus oblongis longitu­
dinaliter aperientibus; fructibus campanulatis 7 mm. longis, 5-6 
mm. diametro, valvarum brevium et crassarum apicibus albis 
calyois marginem excedentibus. 

A medium-sized tret' with spreading branches, rough 
barked to the small branches, rough or slightly flaky to 
sub-fibrous, greyish. Timber pale, whitish to pinkish, 
drles pale; not tough. 

Juvenile leave; somewhat thick, drying the same colour 
on both sides, the lower ones opposite, seasile, narrow to 
broad-oblong, the margins slightly undulate, 8 to 20 mm. 
broad, 3 to 6 em. long, veins fairly prominent, the intra­
marginal vein distant from the edge, the secondary vein. 
making an angle of 30 to 40 degrees with the midrib. 
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Mature letwBB thickish, petiolate, narrow-Ianeeolate to 
faleate-laneeolate, and with a long acuminate point, 1 to 
1.5 em. broad, 10 to 17 em. long, the intramarginal vein 
clolle to the edge, the secondary veins making an angle of 
30 to 45 degrees with the midrib. 

Inflorescence axillary, the umbels on slightly compressed 
peduncles about as long as the buds. Buds 5-7 in the head, 
cylindrical, or gradually tapering into the thick, short 
pedicel, 8-9 mm. long, somewhat glossy, the operculum 
acute, conoidal, the lower portion &lightly thIcker than the 
calyx-tube, 3 DUD. long. Calyx-tube cylindrical to slightly 
campanulate, 4 mm. long, the pedicel 2 mm. long. Anther. 
versatile, somewhat similar to those of E. m~ulosa. Floral 
disc forming a thickish covering around the top of the calyx 
and projecting a short distance over the ovary. 

Fruit campanulate, 7 mm. long, 5 to 6 mm. in diameter, 
thickish, the shart thick, white-tipped valves protruding 
beyond the caly:\ rim. Capsular 'disc forming a truncate 
or dome(l rJm on the top of the capsule, the innt'r margin 
fr('e from the valves, and sometimes exceeding the stamina! 
ring, which i<i nearly always present on the mature fruit. 

In honour of Thomru. Charle!> George Weston, formerly 
of the Botanic Gardens sub-department, Sydney, and for 
some year& pS<it Afforehtation Officer of the Federal Terri­
tory at Oanberra, a compeient hybridist, cultivator and 
forester. 

Range. 
Found 110 far only on the Yass-Queanbeyan Road, near 

Gungahleen, Federal Territory (C. Weston), an area 
carved out of Southern New South Wales . 

.Affinities. 
1. Wlth E. 'lJl4Cuio'G, R. T. Baker. It bears a very 

strong resemblance in buds, fruits and mature leaves, but 
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it is distinct in its cortical character. The bark 'Of E. 
mactUoBtJ is smooth and blotched, while the bark of E. 
WeBtom is rough and slightly flaky to sub-flbrous, greyish, 
somewhat after the colour of E. MmipltJoia.. The seedling 
of E. maculOIao is m"uch broader than that of E. Westoni. 
The latter may be described as narrow and rigid. 

We suggest that perhaps it may be a hybrid of which 
E maculo.a is one of the parents. Mr. Weston, the dis­
coverer of the plant, and one of the- present writers found 
only two trees, but this is often the case with a reputed 
hybrid until after prolonged search. 

2. With E. vimtMlis, Labill., in the shape of the buds, 
and also in the shape of the fruits. These characters, 
Aowever, are in threes in E. viminalis typica, but wht.'n 
the multi-flowered form is compared with E. Westoni, the 
affinity is even more apparent. E. vimiMlis also has rough 
bark at the base, but not SO fibrous, nor so persistent up 
the trunk as in E. Welto" •. 

6. E. WHITEI Maiden and Blakely, n. sp. 

Ironbark parva; cortice alte sulcato atro-cinereo; ligno 
palllde-rubro duro; foUis junioribus lato-oblongis crassiusculis 
.. laueis; foUia maturis petiolatis oblongo-lanceolatis vel falcato­
banceolatia, 7-18 cm. longis, 1.5-2 cm. latis, venia indistinctis, 
venis secundariis e costa 30-40· orientibus; inftoreacentia axillari 
umbellis 6-7 floris, pedunculo communi 7-10 mm. IoD&'O, pediceUi­
b1lI graciUbus '4-5 mm. longis; alabastris plerumque opereulo 
brevi acuto calycia tuba ca equilongo; antherls lato-ovatis per 
fluuras laterales aperientibus; loculamentis magnis; fructibus 
.. laueis semi-ovatis vel leniter campanulatis truneatis aliquando 
.pice leniter contracto 5-7 mm. lonels ca 5 mm. diametro; 
valvis leniter eDerti, vel indusis. 

A small Ironbark of glaucouA appearance, with a rather 
deeply-furrowed dark grey bark, deepening to lead 
coloured. Timber (only one small specimen seen) inclined 
to pale red, clOAf' gr!lined and very hard. 



J u,f)6n(le Z6GfJ6B. Those available are not very satisfactory. 
They are inclined to broadish oblong, are obtuse, 
shortly petiolate, moderately thick and glaueous, more or 
less undulate, 7-8 cm. long, 2 em. broad. Intramarginal . 
vein close to the edge, venation somewhat obscure, the-
seeondary veins making an angle of 35-45 degrees with 
the midrib. 

Mature leoo88 petiolate, thickish, moderately glaueou8,. 
dull, the same colour on both sides, oblong-Ianceolate to 
falcate-Ianceolate, 7 to 13 cm. long, 1.5 to 2 em. broad, 
intramarginal vein very close to the edge, venation indis­
tinct, the secondary veins making an angle of 30-40 degrees 
with the midrib. 

Inflorescence axillary, or occasionally somewhat race­
mose, 5 to 7 in the umbel, the common peduncle slender, 
blightly compressed to almost terete, 7-10 mm. long, the 
pedicels slender, 4-5 mm. long. Buds usually elongated, 
with a short acute operCUlum about the same length as the 
calyx-tube j in some forms it is shorter. Anthers broadly 
ovate WIth lateral slits, the cells large, also the dorsal 
gland. Floral disc represented by a very thin membrane 
lining the calyx-tube. 

Fruit glaucous, semi-ovate to somewhat campanulate, 
truncate, usually 4-celled, sometimes slightly contracted at 
the top, and gradually tapering into the slender pedicel; 
valves short and broad, slightly exserted or enclosed, 5-7 
mm. long, about () mm. in diameter. Capsular disc &ome­
what obscure, usually represented by a slight thickening 
of tht' discal lining at its junction with the somewha! 
persistent staminal ring. In common with the lronbarka. 
and Boxes, the capsular disc of this species is not very 
well developed. 
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The name proposed is in honour of Cyril Tenilon White, 
Government Botanist of Queensland, whose distinguished 
services to the botany of his State are well known. 

Bwng6. 
It IS confined to Northern Queensland, 80 far as we 

know at prE'Sent. Following are localities:-

Burdekin RIver, an old specimen from F. Mueller, mixed 
with E. crebraj at 1400 feet, Prairie, 30 miles east of Hugh. 
end en. An Ironbark looked upon as a large.fruited form 
-of E. crebra, Mature leaves (which are more or less 
glaucous) and fruits alone available, but it appea" to be 
fairly typical of the species (R. H. Cambage, No. 3955, 
1918); Berricania, Central Queensland, on the road be· 
tween Muttaburra and PrairIe. A small Ironbark (C. T. 
White, Aprll, 1919) ; Tower Hill, small Ironbark, very 
eommon (No. 16, &ame collector and date) ; common about 
BerricanIa. J. S. Swanson, September, 1920 (C. T. White, 
No. 17) ; "Ironbark," WIth shghtly smaller fruits, The 
Plains, Prairie (J. R. Chlsholm, August, 1920). 

Ajfin'&ttes. 

1. With E. SfaigeriaM F.v.M., the "Lemon ~cented 

Ironbark," see Part xii., p. 69, "Crit. Rev. " Both 
species have glaucous foliage, but the leav~ of E. Staigeri­
ana are usually bflOader and shorter, and strongly lemon­
scented, while the fruits are al'lO smaller and slightly 
dUferent in shape. 

2. With E .. drepanopkylla F.v.M. See Part xlIx., p. 
262, "Crit. Rev." The leaves of both species are thickish, 
but the glaucowmess of E. Whitei readily distlDguishes it 
from E. drepan,op1t.lIUa. It also differs from the latter 
.pecies in the in1lorescence, which is usually axillary, or 
when terminal, consisting of 2·4 umbels, and in the shape 
.of the fruit. 



3. With E. crebra F.v.M. See Part xii., p. 63, "Ont. 
Bev." Both species are typical lronbarks, but E. cr6bro" 
even in districts where both species are found, appears to 
be a much larger tree with thinner and greener leaves and 
smaller buds and fruits. 

4. With E. eulum, R. II. Cambage. See Part xlviii., 
p. 238, "Crit. Rev." This is also a medium-sized Ironbark, 
and is probably a slightly larger tree than E. Wkitei, with 
thin, green leaves, and somewhat globose fruits, with the 
valves well exserted, and with a more strongly developed 
capsular disc than that of E. Whitei. 

7. E. ALBro.! Maiden and Blakely, n. sp. 

Mallee parva 2-6ft. alta, caulibus tenuibus e basi lignea 
orientibus, cortice tenui rubro-brunneo: foUis junioribus tenuibus 
glaucis sessilibus corda tis vel ellipticis mucronatis 12-27 mm. 
loncia, 12-22 Mm. latis, plurimis paribus oppositis; venatione 
mediocriter distinctis, venis secundariis e costa 45-60· orientibus, 
vena peripberica mareini approximata; foUis maturis tenuibus 
pallido-viridibus utrimque nitentibus, petiolatis, oblongis vel 
angusto-lanceolatis, 4-7 cm. loneis, 5-10 Mm. latis; venatione 
distincta, venis secundariis e costa 40-45· orientibus, "ma peri­
pberica margini approximata; inflorescentia axillari, pedunculo 
communi flores 5-7 diatincte pedicellatos ferentes; alabastris 
clavatis 4 mm. loneis, operculo obtuso calycis tubo IIlquilongo; 
antheris adnatis per poros semi-terminales dehiscentibus; style 
gracili persistente apice torta; fructibus semi-ovatis, truncatis 
8-4 Mm. longis, valvarum trium apicibus acutissimis e margine 
capsulae exsertis. 

A dwarf Mallee of 2 to 6 feet in 'height, stems thin, 
straggling, from a woody stock, the bark thin, warm red 
or reddish-brown, with small purple patches of bark when 
collected. 

J'UtJ6nile l6a.tJ6B thin, conspicuously glaucous, sessile to 
slightly atem-claaping, opposite for an indefinite number 
of pairs, the lowest pairs orbicular, e~rginate, oblong, 
cordate to elliptical, the upper ones usually mucronate or 
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acuminate at the apex, 12-27 mm. long, 12-22 mDl. broaL 
Venation moderately diatinct, the secondary veins makinr 
an angle of 45-60 degrees with the midrib; intramarginal 
vein almost obscure and usually very close to th~ edge. 

Intermediate leaves glaucous, alternate, sessile to very 
shortly petiolate, oblong to broadly lanceolate, with a short 
acuminate point, 27-60 mm. long, 18-28 mm. broad. Vena­
tion distinct, the secondary veins making an angle of 45-60 
degrees with the midrib; intramarginal vein somewhat 
distant from the edge. 

Mature leaves thin, light green and shining on both sides, 
petiolate, oblong to narrow-lanceolate, often with a long 
point, 4-7 em. long, 5-10 mm. broad. Venation distinct, 
the secondary veins making an angle of 40·45 degrees with 
the midrib; intramarginal vein confluent with the nerve­
like margin. . 

In.fkw88cence axillary, the common peduncle slender, 
slightly compressed, supporting 5-7 diatinctly pedicellate 
flowers. Buds, includmg the pedicels, 8-10 mm. long, 
clavate or nearly so, operculum obtuse, conical, about the 
same length as the calyx-tube. Anthers (Immature) 
adnate, opening In seml-termxnal pores or on the shoulders 
with a small termmal gland between them. Style some­
what persistent, slender, spirally twisted at the top, 
developing with the capsule and eventually splitting at the 
base into t.hree Aeedle-lIke divisions when the capsule 
ripens. Floral disc forming a dark lining around the 
inside of the calyx-tube and apparently free from the top 
of the ovary. . 

Fruit shortly campanulate to semi-ovate, truncate, 3-4 
mm. long, 4 mm. in diameter at the top, valves free with 
very fine points protruding well beyond the rim of the 
fruit. Seeds not seen. Capsular disc slightly thickened, 
UIUAlly exeeedins the rim of the calycine ring. 



The proposed name "albida, inclining to white," is in 
allusion to the juvenile foliage. 

Range. 
Only known at present from Western Australia, at 

Harrismith, on rises, in sandy or sandy-gravelly soil (C. 
A. Gardner, No. 2113, 6th March, 1924). 

Affinitie •. 
1. With E. 'l-'neinata, Turcz., described in "Crit. Rev.," 

Part xiv., p. 143, and Part lvi., p. 262. This proposed new 
species appears to be its closest affinity, especially in the 
shape of the juvenile leavell, but those of E. uncinata are 
much thicker and grt'E'ner. The adult leaves are also 
thicker and more rigid (often very rigid), while the buds 
and fruits are lIet.Sile and more numerous in the umbel and 
also quitE' differE'nt in shape. The white juvenile leaves 
appear to be a distinctIve feature of the proposed new 
8pecie~. They are as white as those of E. globulu. and 
E. rubula. 

2. With E. leptopllylla F.v.M., figured in "Crit. Rev.," 
Part lvi., p. 259. It seems to have the general apptiarance 
of this species, but the mature leaves are broader and less 
rigid, while the juvenile leaves are very glaucous and twice 
as broad as those of E. leptopkyZla. The buds and fruits 
are also 'IDml'what similar in both species; they are pedi­
cellate, but the operculum of E. leptopkylla is nearly 
alway~ more or less rostrate, and the fruit is thick with 
scarcely ex~erted valves. 

3. With E. angwta, Maiden, described in "Crit. Rev.," 
Part lvi., p. 265. The mature leaves of both species are­
very much alike, but those of E. ataguna are thicker and 
more rigid. Both species are also closely allied in the. 
anthers, but the buds and fruita of E • .;v..ta are coarser 
and ditlerent in shape from those of E. alb_ 
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8. E. Bt11lUOOPPINENSIB Maiden and Blakely, n. sp. 
Arbor parva vel frutex 8-16 feet altus, cortice bui rqoIO, 

ramil levibul. folia juniora non vidimuI; foliil maturia al. 
tematil, cralaiulculi., dilute viridibu., pet!olatia, ampatia ad 
lato.lanceolatil. 8-12 cm. longil, 1·8 cm. latia, venis tenuiaalmia 
Ieniter obscuri.; venis lateralibua numeroail 80.40° e coata 
orlentibus, vena peripherica marJini approltimata; iDftorelcentia 
.ui11ari, pedunculo cum 8 ftoribus grandiulculis pedicellatil 
alabalms pyriformibus, 3 cm. longis, 1.6·2 cm. diametro ; 
opereulo crasso roatrato, 1.6-2 cm. longo, ba8in versus leniter 
vel distincte cOltato; calJCll tubo hypocrateriformi, lavi vel 
obscure costato; anthens mapls latis paralleliter aperientibus; 
fructu depresso-turbinato, levi vel Ieniter costato, parte ealycem 
venus levi, parte dlscaIi crassa annulum ataminalem multo 
e:xcedente, val"is cralSl1 deltoideil &cutis Ieniter euertis. 

A small tree or shrub, 8-15 feet high, with smooth grey 
bark on the branches, and the lower part of the trunk 
covered with ragged bark (Max Koch). 

J'U1Jenue leave, not seen. 

Mature leaves alternate, moderately thick, lIght green, 
petiolate, narrow to broad lanceolate, the apex acuminate· 
uncinate, 8-12.5 em. long, 1-3 cm. broad, petiole compressed, 
expanded upwards, 1.5-2 em. long; venation very fine and 
somewhat obscure on both surfaces, the midrib channelled 
.above, and scarcely raised beneath; lateral veins numerous, 
making an angle of 30-400 with the midrib, Intramarginal 
vein close to the edge • . 

IfiflOf'esc6'nce axillary, the common peduncle bearing 
three moderately large pedicellate Aowers. Buds somewhat 
pyriform, 3 ·em. long, 1.5-2 em. in diameter. Operculum 
very thick, rostrate, 1.5-2 em. long, faintly or distinctly 
many ribbed at the base and more inAated than the calyx; 
ealyx-tube funnel-shaped, gradually diminishing into the 
terete pedicel, smooth, or with a few faint ridges, 8-10 mm. 
long; anthers large and broad, opening in parallel alit&. 



Floral disc pale-coloured, conspicuously raised above the 
'top of the ovary, as in E. pyrifo'f'fflliB, and forming a deep 
nectary around the ovary. 

Fruit depressed-turbinate, the thick calycine portion 
smooth and glossy, slightly ribbed, the discal portion also 
thick, much paler than the former, and considerably raised 
above the staminal ring; valv('s four, thick, deltoid, acute, 
.lightly exsert. Capsular disc pale-coloured, rather broad 
and thick, and much raised above the sharp rim of the 
!Calyx, the sides sloping upwards to a broaclish truncate 
rim, the inner surface of the rim slightly oblique, thc entire 
disc free from the valves of the capsull'. The morphosis 
of the disc is simIlar to that of E. pyriform" and the 
variety KingsmilU depicted in Part lxi., Plate 250, figs. la 
to 2c, of "Crit. Rev." 

Bange. 
It is known only from Western Australia. Localities are: 

Burracoppin, F. M. C. Schock, No. 205, 2nd July, 1917; 
Dr. J. B. Cleland, 1908, figured in Part xvii., Plate 75, 
:iigs. 7a, 7b (ma.ture leaf and fruit), as E. pyriformis 
Turcz. var. minor, see also Part xli., p. 17 (" Crit. Rev. "). 
Half-way between Booran Siding and Burracoppin, F. M. 
C. Schock, 2nd July, 1917. Small tree, upper branches 
with a smooth grey bark, the lower part of trunk covered 
with ragged bark. Merredin, Max Koch, No. 3020, Janu­
ary, 1924. In fruit and very young buds; the latter, 
although immature, show the corrugation. 

"A shrub with the habit of typical E. Oldfield;', with 
the stems densely branched from near the base, erect and 
spreading, 8-15 feet high. Flowers yellowish-white; bark 
silver-brown, with a. rough dark grey persistent bark at the 
base. " Carrabin, Westonia Road, in yellow sandy soil 
on plains, or in thickets of Hakea multiliMata and Casua-' 
riM tJCutWalviB. Flowers October-November (C. A. Gard­
.ner, No. 1825, 7th October, 1922, Co-type). 
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A ffi,,",ies. 
1. With E. P1Iriformis var. BameUaM, Maiden. Be .. 

Part xvii" p. 232 ("Crit. Rev."). This is an imperfectly 
known variety, and it seems to have the same funnel­
shaped calyx-tube as E. BtuTacoppmew, but the opercu­
lum is quite smooth, not corrugated, as in the new specie&. 

2. With E. Oldjieldi F.v.M., figured in Part xvii., p. 223, 
and again referred to in Part xli., p. 21 ("Crit. Rev."). 
Both species appear to be much alike in habit; they are 
Mallee-like or oeeasionally developing as individual tree&. 
There is also a great deal of similarity between them in the 
shape of the fruits, but generally the fruits of E. Oldfieldi 
are smaller and invariably sessile. But the large rostrate, 
corrugated operculum, and the large parallel anthers of 
E. BurracoppineM8 readily separate it from E. Oldfieldi. 

3. With E. packypkylla F.v.M., depicted at Part xli., 
p. 12 (CC Crit. Rev. "). The fruits appear to be the only 
character which bring these species together. They are 
both members of the E. pyriformis series with the typical 
pyriformis fruit, which show the large raised disc perhaps 
better than any other species. The fruits of E. pach,y­

pkylla are, however, more strongly ribbed than the fruit 
of E. BurracoptWnenstB. 

9. E. CYLINDR~RA. Maiden and Blakely, n. sp. 

Mallee eaulibua erectis e truneo eolumnll8 basi simili orientlbus, 
10-15 feet alta, 3-5 inches diametro, cortice tenui, albo, pulvereo 
«»rtiee fracto viridi, ligno pallide brunneo; foliia junioribus, 
primis 3-4 paribus oppositis, spatbulatis vel oblonl'ill, breviter 
petiolatia, oblleure'viridibus, 4-5.6 em. loncis, 1.5-2.6 em. latil, 
venia inconllpicuill, venia seeundariis e costa 86-60° orientibus, vena 
peripberiea a margine remota; foliia maturis alternatis lavibus 
supra aubtusque nitentibus, ancusto-laneeolatis in petiolum 
breve angastatis 5-8 em. longis, 5-10 mm. latill; venia incon­
spleuia, venia Jateralibus e costa 80° orientibus, vena peripheriea. 
marsini approldmata; inftor.scantia axillari vel aliqualldo semi-
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terminali, umbellis peduneulatis 8-6 ft.oris, filamentis albis, 
a1abastria pedieellatia eylindraeeis 1.5 em. longis, diametro 5-7 
mm.; opereulo eonieo obtuso ealyeis tubo semiovato "uilongo; 
antheris majuaeulis oblongo-ovatis, longitudinaliter aperientibus; 
fructibua breviter eylindraeeis vel semiovatia troneatis trans 
apleem 1 em. longis, 7 mm. latis, annulo staminali vix dilatato 
corona til; valvis parvis inclusis. . 

"White Mallee." Habit of E. erythronema, but slightly 
1esil robust. Stems erect from a broad, pedestal-like stock, 
10-15 feet high and 3·5 inches diameter. Bark thin, white, 
powdery, green in fracture. Timber light brown, dense 
and very hard. Flowt'rc; white (no red Howers seen). 
Bendering, on loam flats, with Melaleuca uncinata. Flowers 
in January (('. A. Gardner, No. 1909, February, 1923) . 

• J Iwemle lcaves. Only the llr",t 3-4 pairs opposite, spathu­
late to oblong, shortly petiolate, pale, or a very dull green 
when dry, 4-5.5 cm. long, 1.5-2.5 em. broad; venation not 
conspicuous, the secondary veins making an angle of 35·50 
degrees with the midrib; intra marginal vl'in distant from 
the edge. 

Mature leat'es alternate, smooth and shining on both 
surfaces, narrow-Ianceolate to lanceolate-falcate, narrowed 
into a short petiole, 5-8 cm. long, 5-10 mm. broad; venation 
obscure, lateral veins making an angle of 30 deffrees with 
the midrib; intramarginal vein close to the edge. 

In/lores('ence axillary or sometimes appearing semi-ter­
minal, the peduncle bearing an umbel of 3-6 white Howers. 
Buds cylindrical, about 1.5 em. long, 5-7 mm. in diameter. 
·Operculum conical, obtuse, about the same length as the 
semi-ovate calyx-tube; the pedicels are also about the same 
length. Anther. rather large, oblong-ovate, slightly emu- . 
ginate with a long dorsal gland.' Floral' disc forming a 
slightly thickened layer around the calyx-tube and extend­
ing over the sunken ovary. 
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lJ'ruit shortly cylindrical or somewhat semi-ovate, trun­
cate, crowned by the scarcely enlarged staminal ring, 1 cm~ 
long, 7 mm. across the top, the pedicels about 1 cm. long, 
valves small, well enclosed. Capsular disc not conspicuous, 
formipg with the stamina! ring an oblique, slightly thick­
ened band around the inside of the capsule and extending 
nearly half-way over the free valves. 

The name proposed is in reference to the shape of the­
buds. 

Range. 

Con1ined to Western .Australia, so far as we know at 
present. Found at Bendering, on loam fiats, with MeltJleU('(J 
uncinata (C . .A. Gardner, No. 1909). Dendering is on the 
railway line from Narrogin to Naremburn, and about 12() 
miles east of Perth. 

AffiMtles. 

1. With E. erytkronema, Turcz., depicted in Part nii., 
p. 23, "Crlt. Rev.", from which it differs in the white­
filaments, in the more cylindrIcal, somewhat thlD, smooth 
fruits, and in the shape of the calyx-tube, which is not 
expanded at the top as is the case with E. erytkroMma; 
also in the somewhat obscure disc, as against the con­
spicuous disc of E. erytkrOfl.6ma. The fruit of that species 
is broadly turbinate and crowned by a broad, sharp disc,. 
and WIth the valves of the capsule protrudIng well beyond 
it. In E. clllindriflora the disc is obscure and the valves. 
are well enclosed in the capsule, and they do not protrude 
beyond the small disc. The anthers of the present species. 
appear to differ from those of E. erytkrOfl.6maj they are­
more emarginate and the dorsal gland is more attenuated. 
The only juvenile leaves we have seen of E. erytkronBtna' 
are from a cultivated plant, and they are narrower and 
smaller than those of E. cylmdriflora. 
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2. With E. eremophJla,Maiden. The shape of the fruita 
is similar in both species, but those of E. eremophila ar& 
thioker, and the staminal ring which forms the disc is much 
larger; it sometimes extends over the top of the fruit. Th& 
fruits of E. c1l~mdriflora are thin and the staminal ring 
very narrow. 

10. E. DESKONDENSIS Maiden and Blakely, n. sp. 

Frutex gracilil ciaucul 10-lift. altus, ramulia lo~il 1lexuoai. 
pendulil, caulibus ad 4ih. diametro, cortiee lam albo pulvereo; 
foml junioribus non vilil, foliil maturil petiolatil obloncia vel 
Ianceolatis, crallll, supra lubtuaque claucil, 6-11 em. IODgil,. 
12-25 mm. Iatis: venatione obacura, venis lateralibua e costa 
40-50· orientibus; vena peripherica a marcine meranata re­
mota; infiorescentia axillari, peduncu10 plano 15-19 mm. longo,. 
5 mm. lato Buperiore pal te; pedieellis fere absentibus, alabastris 
tere infundlbuliformibus, operculo acuto longioribus; antheria 
veraatilibuB oblongis late paralleliter dehiscentibus clanclula 
magna; style fere quadranculari; stigma parva disco limili;. 
tru\..tibus non visis. 

A III ender, glaucous shrub, with long :dexuose drooping 
branches, 10·1;) feet high, the stem up to 3 or 4 inches in 
diameter. Bark smooth, almost white, and powdery almost 
to the ground (C. A. Gardner). 

Juvenile leaves not seen. They will, without doubt, b& 
more glaucous and broader than the mature ones. 

Mature leaves alternate, petiolate, oblong to laneeolate, 
thick, glaucous on both surfaces, 6-11 em. long, 12-25 mm. 
broad. Venation somewhat obscure, lateral veins forming 
an angle of 40-50 degrees with the midrib, the intramar­
ginal vein distant from the somewhat thickened margin. 

Inflorescence axillary, the peduncle strap-shaped, dilated: 
upward into a broadish disc under the flowers, 15-19 mm~_ 
long, 5 mm. broad in the broadest part. Buds nearly 
sessile, almost cylindrical, 7-15 in the head. Calyx-tube­
somewhat funnel-shaped, longer than the pointed and 
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slightly rostrate operculum. FIlaments cream-coloured. 
Anthers versatile, oblong, opening in broad parallel slits, 
the dorsal gland large, not exceedlDg the cells at the top. 
Style almost quadrangular; stigma small, dlsc-hke. 

Fntd8 not seen. 

Range. 

Only known at present from Western Austraba. Des­
:p1ond, near Ravensthorpe, near Hopetoun, in sandy, stony 
8011, on rISlDg ground or rIdges (e. A. Gardner, No. 2183, 
May, 1924). 

Affintt,e'l. 

In the absence of fruits and Juvemlt' It>aves, the pOSItIon 
of this plant cannot be stated with certainty, but It appears 
to be new. 

1. WIth E. accedens W. V. FItzgerald. Dlfl'er~ from 
thIS specIes in size (It ~em'l to be a small shrub or tree), 
in perhaps greater glaucoullness, more S8bSlle budls, longer 
and broader common peduncle, and lD the more pOInted 
operculum, al'1o In habIt. 

2. WIth E. redunw Schauer. It III very clo'>O to thIs 
species, but the habIt and lDftorescence are qUIte different 
(C. A. Gardner). 

3. WIth E. 8epul£ra/l1> F, M. The hpt>Cle, ha~ much 
the habit of E. 8eP'Ulrralt.8. but has greener leave& (C. A. 
Gardner). 

11. E. DONGARRAEN818 MaidJm and Blakely, n sp. 

WhIte Gum par\'a, Mallee .-11, 20-26 feet alta; folllS juniorl­
bus leniter rlancis lato-elli~ ad ovatis, petiolatis 8.6-8.6 cm. 
longis, 8.6-6.6 em. latis; venis medioeriter distinctis, vena peri­
pherica a marli:ne remota, Tenls lateralibus remotis e COlta "6· 
orieatJbus; 10liis maturis erallis palhde vlridibus obscuriuBCulia 
.uplto vel lato-Ianceolatll 7.6 em.-12 em. Jongie, 1.6-8 cm. 
lattl; venil oblcuril • costa 46° orientibus; inftoreacentla axil­
lari, peduncu1ia compralis ftoribue brevlter pedicellatis 6-9 
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-capitulo: alabaatris glaueis clavatis; operculo hemispherico 
.calyeis tubo turbinato breviore; fructibus pyriformi-cylindraceis 
truneatis 10 mm. longis, 6 Mm. latis 4-Iocularibus vaivis insertis. 

A slender White Gum, ribbony at the butt, 20-25 feet 
high, with a trunk 4 incheo;; in diameter. Wood very 
tough, a little brown at heart. (Only one.clump waf> seen, 
and a fuller note will be found below.) 

.Tuvenile lea1,es broadly ovate to ovate-e1lip~ical, with a 
rather long, semi-terete pedunclt', 3.!i to S.!i cm. long, 3.5 
to 6.5 cm. broad, ~lightly glaucous (the somewhat eom­
prellllt'd internodes very glaucous), rather thick and rough, 
WIth numerous slightly raised oil-glands, and minute 
reticulatE' vein". Venation moderately distinct, intramar­
gInal vein distant from the edge, lateral vein!> rather 
distant, forming approximately an angle of 4:> uegrees 
with the midrib; midrib prominent bf:'Death, Indistinct 
above. 

Intermediate l('a1}eS "'lightly glaucou ... broadly cordate­
lanceolate to obliquely lanceolate, a few rounded-deltoid, 
5-9 cm. long, 5-7.S cm. broad, the petiole tE'rete, 8("uf.'times 
exceeding 2 cm. long. Venation moderately distinct, intr~ 
marginal vein somewhat wavy, and herE' and there 3-4 mm. 
from the edgl", lateral veim. making an angle of about 45-50 
degrees with the midrib. 

Mature leaves thick, pale green, dull, narrow to broad­
lanceolate, 7.5 to 12 cm. long, 1.5 to 3 cm. broad, venation 
obscure, the intramarginal vein usually confluent with the 
edge, lateral veins obscure, making an angle of about 35-40 
degrees with the midrib. 

Inflorescence axillary, the common peduncle compressed, 
gradually expanding upwards, 10-15 mm. long, supporting. 
a head of 5-9 flowers on short, thick pedicels. Buds 
glaucous, clavate, including the pedicel, 11 mm. long; 
-operculum hemisphl"rical, often with a small umbo, many 
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times shorter than the calyx-tube, wriDkled and more or 
less ribbed, about 4: mm. in diameter. Anthers ovate­
emarginate, opening in longitudinal slits, with a prominent 
dorsal gland. Floral disc forming a thin, dark, camose 
linIng around the calyx-tube, and extending for a short 
distance oter the top of the ovary, which is much paler 
in colour. 

Frv,it py.l'iform to cylindrical, truncate, gradually 
diminishing into the short, thick pedicel; 10 mm. long, 6 
mm. broad, the rim sharp and sloping inwards, 4:-celled, 
the valves rather short, all enclosed. Capsular disc form­
ing with the staminal ring a slightly thickened oblique­
band around the inner rim of the calyx-tube; staminal 
ring present. Seeds not seen. 

Bange. 

It has been seen only at Donlarra, in Western Australia,. 
up to the present. Dongarra is a railway station on the 
coast, 275 miles north of Fremantle and 43 miles south of 
Geraldton. 

In Part xxxviii., p. 222 of his "Crit. Rev.," under E. 
dumosa, Mr. Maiden gave the follOWIng '!ltatement from hilt 
notebook, made in 1909, when standIng in front of the 
trees :-" At Dongarra, not far from the beach, is a dense­
growth of slender White Gums, ribbony at butt, which 
reminds ODe of dense Mallee, but not true Mallee, 20-25-
feet high, trunk 4 inches diameter~ Wood very tough, a 
little brown at heart. Operculllm a little ribbed. Broad, 
coarse suckers;. glaucous buds. It is very close to the 
typical incra,,,,ttJ., certainly a connecting link." 

Affinities. 
1. With E. dumosa, A. Cunn. See Part xxxviii., p. 220, 

"Crit. Bev." It seems to be more of a White Gum than 
E. dUfMO-, and perhaps a somewhat larpr type of Mallee,. 
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but this is not certain. It is also more glaucous, especially 
in the juvenile leaves and buds. The operculum is also 
shorter, and the fruit larger and more pyriform. 

2. With E. congZobata (R.Br.), Maiden. See Part iv., p. 
100, also Part lvi., p. 274, "Crit. Rev." It seems to 
resemble E. conglobata in its Maliee-like habit, but the 
stems are straighter and whiter. The juvenile leaves of 
both species are glaucous, but those of E. Dongarrae'llsis 
are considerably coarser. In buds and fruits both species 
are easily separated. 

3. With E. incras8ata, Labill., vide Part iv., p. 93, "erit. 
Rev." The juvenile leaves and the anthers of E. incrassata 
and E. DongarraenBu, are somewhat similar and they 
appear to be the only botanical characters upon which an 
aftinity can be based. The juvenile leaves are, however, 
much broader and more glaucous than those of E. 
i1u:rassata. 

12. E. KEI:!SI!:LLI Maiden and Blakely, n. "p. 
Frutex parvus Mallee similis; ramulis ancularibus; folia 

juniora non vidimus; folUs maturis alternatis longe petiolatis 
crassis coriaceis olivan colore referentibus, utroque latere 
nitentibus, angusto vel lato-Ianceolatis, 8-11 cm. longis, 2-2.6 
cm. latis, petiolis 3.5 cm. longls; venis obscuriusculis, costa non 
prominente et utroque latere obscure striata, venis lateralibua 
tenuissimis e costa 30-40· orientibus, vena peripherica a margine 
remota; inflorescentia axillari, ftoribus tribus breviter pedicel­
latIs pendulis; pedunculo compresao dilatato 2-2.5 cm. longo, 
media parte 4 mm. lato; alabastrIa statu perfecto non viBis; 
antheris mapia leniter reniformibus; fructibua crassis tur­
binatis truncatis, 9-12 valdis costis circa apicem in pediceUum 
breve crassum angulare 15·18 mm. longum et apice equilatum, 
valvis acutissimis et valde exsertis. 

A small Mallee-like shrub with sqmewhat angular­
branchlets. 

Juvenile leaves not available. 
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Mature Zeaves alternate, on long petioles, thick, coria,. 
ceous, rather :flat, olive-green and shining on both surfaces, 
narrow to broad-Ianceolate, 8 to 11 em. long. 2-2.5 em. 
broad, the petioles up to 3.5 cm. long. Venation obscure, 
the midvein slightly channelled on both surfaces, and 
scarcely raised above the surface of the leaf; lateral veins 
v~ry tine, ri"!ing at an angle of 30 to 40 degrees to the 
midrib; lntramarginal vein removed a short di~tance from 
the edge. 

Inflorescence axillary, consisting of thr~e shortly pedi­
e~llate, drooping flowers, the common ppdunclt' ~om­

pressed, dIlated up" ards, 2-2.5 em. long, about 4 mm. 
broad in the mIddle. Buds not seen, but, jUdglDg by the 
length of the style, thc operculum 111 rather long. f:;taminal 
rlDg broad:u.h, ralsed above the calyx-rim. Fllampnts 
cream-coloured, infiexed in the bud. Anthers largp, almost 
reniform lD shape and larger and broader than tho .. e of 
E. goniantka; gland dorsal, large and globular. 

Fruit thIck, turbinate, truncate, with 9-12 strong corru­
gations around the top, which diminish into the short, 
thick, angular pedict'l, 15-18 mm. long and a~ broad at the 
top. Valves usually four, with needle-like points protrud­
ing well beyond the top of the capsule, as lD E. ole Oil a and 
E. longicomis. Qapsular disc conspicuous, forming a 
raised ring Ilround the orifice, and slightly hlgher t han the 
.elevated corrugations of the capsule. 

In honour of Stephen Lackey I\euell, Conservator of 
ForeAts of Western Australia, WAG !la, during hi"! period 
of office, given every facilitJ for thE" elucidation of the 
:fiora of his State. 

Batage. 
Known only from Western Australia. Found in sandy 

loam in Mallee thickets at a place called Salmon Gums, 66 
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miles north of Esperanee (W. P. Brown, per C. A. Gard­
ner, No. 944a; the type). 

Affinities. 
1. With E. corrugata Lueh., described in Part xvi., p. 

198, "' Crit. Rev. " Both species are Mallees and have much 
in common as regards the buds and fruits, but E. Kessell. 
seems to diifer mainly from E. corrugata in the broad 
compreued peduncle and in the more turbinate fruits, the 
valves of which are more blender, and the capsular disc 
broader. The anthers are also broader than those of E. 
corrugata. 

2. With E. Griffithsii, Maiden, described in .. Crit. Rev.," 
Part xvi., p. 208. The buds and fruits of E. Griffitksii are 
in threes, like those of E. corrugata and E. KesseZZi, but 
the operculum is very short in E. Griffifksii. and the fruits 
are of a diiferent bhape and only faintly ribbed, while the 
common peduncle iR terete. 

3. With E. noni6ntka. Turcz., dealt with in "Crit. Rev.," 
Part xvi., p. 200. From the imperfect material known of 
E. gomant1r..a it appears to diifer from E. Kessell. in the 

. narrower leavE's, different venation, and in the more nume­
roub flowers of the umbel. The anthers of both species are 
very much alike, but those of E. goniantka seem to be 
amaller and narrower. 

13. E. KONDININENSIS Maiden and Blakely, n. sp. 

Arbor mediocris, cortice 3-7 feet buin versus rugoso ramulis 
bevibus; foIiis junioribus Ieniter gIaucis tenuibus petiolatis 
undulatis ovatis vel oblongis obtusis 2-8.5 cm. Iongis. 1-1.5 cm. 
latis, venis obscuris; foliis maturis dilute viridibus utroque 
latere nitentibus crassiusculis ancusto-Ianceolatis acuminatis ad 
falcato-lanceolatis, 6-11 cm. loncis, 8.15 mm. 1atis, venia obscuris, 
venis lateralibus e costa 80-40 orientibus; inftorescentia axillari ... 
umbellis in pedunculis breribu. lUbangulariUus alahastra ad '1 
breviter pedicellata ferentes; aIabastris anpati. cylindrac.i., 
operculo conoldeo I.niter costato caIycis tubo viz longion; 
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antheris pal'allelitft apel'ientibus; sticma clavat.; fruct:f.bu 
campanulatis 5-7 mm. longis apice 5-8 mm. latis, valvia leniter 
.usertis. 

A "Blaekbutt," locally known under the name of 
'" Stocking Tree" or "Black Yate." Attains a height of 
40-60 feet, with erect or slightly spreading branches. TruDk: 
to 30 feet in height and 30 inches in diameter. The bark 
reminds one very much of that of E. Cle1,amdi; thick and 
1Iaky and black at the base to a height of 3-7 feet above 
the ground and persi'!ltent. This rough bark ends abruptly 
(hence the fanciful allusion to a stocking). Above, the 
bark is smooth, yellowish, shining, with a few blotches of 
purple-grey decorticating bark. Timber light to dark 
brown, dense and strong. Branchlets angular, assuming 
a reddish colour. 

Juvemle leaves shghtly glaucous, rather thin, petlOlate, 
only two or three of the 10lfest pairs opposite, ovate to 
oblong, obtuse, shghtly undulate, 2 to 3.5 cm. long, 1-1.5 
em. broad; venation obscure, lDtramarginal vcin moderately 
.close to the edge, secondary veins spreading, making an 
.angle of about 40-50 degrees with the midrib. 

MaJure leav68 light yellowish-green, glossy on both sur­
faces, moderately thIck, narrow-Ianceolate acumlDate to 
.falcate lanceolate, tapering at the base into a semi-terete 
peduncle, 1.5-2 cm. long, the leaf 6-11 em. long, 8-15 mm. 
broad. Venation indistinct, intramarginal vein fairly close 
to the edge, lateral'veins spreading at a rather high angle 
or at an angle of about 30-40 degrees with the midrib; 
midrib channelled above and sUptIy raised and obscurely 
channelled beneath. 

Inflore8cence 'axIllary, the umbels on shortish, com­
'pressed and slightly angular pedliutcles, which support up 
to 7 very short pedicellate budl. Buds narrow, cylindrical, 
not seen fully ripe; calyx-tube about 4 mm. long, mode­
rately smooth, slightly campanulate, tapering into a very 
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short, rather thick, angular pedicel Operculum conoid, 
somewhat corrugated-striate in a dry state, scarcely longer 
than the eaJ.yx-tube. Anthers opening in parallel slits, with 
a large dorsal gland; filaments short, of a creamy-white 
colour. Stigma slightly thickened, more or less clavate. 
Floral disc represented by a thin membrane extending over 
the top of the ovary, and lining the calyx-tube. 

Fruit campanulate, 5-7 Dlm. long, 5-6 mm. broad at the 
top, 3-4 celled, the short broad valves slightly protruding. 
Capsular disc rudimentary, represented by a white mem­
brane over the valv('s, and a slight thickening of the inner 
wall of the calyx-tube and staminal ring. 

Range. 

It is confined to Western Australia, so far as we know at 
present. Collected at Kondinin, between Bendering and 
Gnarming, on loam Bats forming open forest with E. sal­
monopkloia and E. Flocktoniae (C. A. Gardner, Nos. 1843 
and 1966). 

Affinities. 
1. With E. melanozylon, Maiden. "Crit. Rev.," Part lvii., 

p. 351. In general appearance both trees appear to be 
much alike, both in habit, shape and colour of the leaves, 
nature of the bark and colour of the timber. Although the 
bark of E. melanoxylon is perhaps rather more deeply fur­
rowed, and not discoloured with kino, and the timber is 
much darker, the timber of E. KOMmiMnN is a deep 
walnut-brown. In other characters both spe~i('8 differ from 
each other considerably. 

2. With E. dumoBa, A. Cunn., figured in • ·Crit. Rev.," 
Part iv., p. 97, and Part xxxviii., p. 220. In dealing with 
herbarium specimens one would naturally compare E .. 
dumoBG with E. Ko7KlimM'II,u, as the former is well known 
for its faintly striated or ribbed operculum, and its short, 
somewhat cylindrical fruits, but when other characters of 
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E. GtuIIOBG are taken into consideration, they are found too 
be markedly di1ferent from those of E. KoMWMMnN. The 
real affinity of the two speciE'S appears to be in the ribbed 
operculum, in the anther, and to some extent in the shape 
of the frUlt. In hablt E. d_m08a is a dwarf Mallee with 
broadlsh, somewhat dull, bluish leaves, which retain their 
dullneSb and colour even ,,,hen dry. E. K01lditainew is 
a tret' up to 60 feet high. 

3. WIth E. Clelandi, Maiden. This is also called "Black· 
butt" and ib Iliubtrateu in "erit. Rev.," Part xvi., p. 189. 
There 1& a sbght rl'llemblance between the buds and fruitl 
of both speCIeb, but the buds of E. Clelandi are broader, 
with a more promInently ribbed operculum, besides being 
glaucous, and so also are the juvenile and adult leaves. 

4. WIth E. longicornis F.v.M. See" Orit. Rev.," Part 
xv., p. 166, and Part xxxix., p. 272. The affinity with E. 
long1cornis is mainly in the j1fvenile and adult leaves, which 
is so marked that young trees may be mistaken for either 
speCIes. On the other hand, both species arc very dissimilar 
in budc; and fruitb. E. longicornis is also a much larger 
tree. 

14. E. MERRICKAE Maiden and Blakely, n. sp. 
Mallee 4·10 feet altus; cauhbus erectis vel patentibus 2-3 in. 

diametro dense ramulosis; cortice pallide cinereo, trunci junioris 
levi, trunci autem vetusti lamelloso; foliis junioribus non viii., 
foliis maturis alternatis petiolatis anguato.lanceolatis cMssis 
rigidis llIIvibus pallido-I'laucis, supra subsutque nitentibus 4.8 
em. longia, 5-:9 mm. latis, baai in petiolum breve et compressum 
angustatIs; venis obscurissimis, venis lateralibus e costa 80-40. 
orientibus, vena peripberica margini confluente; infloreseentia 
axillari, pedunculo communi tereti alabastra e,lindracea 8 parum 
obtusa ferente; calyeis tubo companulato operculum fere bemis­
pbericum longitudine plul duplo excedente, alabastro omni 10 
mm. longo; pedicellis I'racilibu W rom. longis; fllamenti. 
eolore Jaetis iloris imbutil, Induobus ordinfbus depo.itfs. 
antheris versatilibus longitudlnaliter aperienttbus; fnlettbu; 
erallis late eampanulatis 7.9 Mm. loncia, 7 mm. lattl, DIal'I'ia. 
truneata, valvis brev1bu et incl1llll. 



» __ PII" 81' 11m .. ......... 01' IlUO.A.LI'P'l'O'. Its 

tC Narrow-leaved M:allee." A Ma.llee, 4-10 feet high, of 
widely spreading habit. Stems erect or apreadiag, more 
at leu virgate, densely branched, imparting to the plant 
.an almost globular outline. Bark light ash-grey in colour, 
SlDooth when yOUDg, but becoming flaky when old, with 
tardily shedding plates of darker grey bark. Stems 2-3 
inches in diameter. Leaves glaucous, narrow, buds shining 
with reddish opercula, and young reddish-green fruita 
which become mealy-white with age. 

J u1Jen,,"le lea1Je, not available. 

Mature lea1Jes alternate, petiolate, narrow-lanceolate, 
somewhat thick and rigid, more or less acute, tapering into 
a rather short, compressed petiole, smooth, pale glaucous 
green and shining on both surfaces, 4-6 em. long, 5-9 mm. 
broad. Venation obscure, the midrib more or less chan­
nelled on both sides of the leaf; the lateral veins spreadiDg 
at an angle of 30 to 40 degrees to the midrib; intramar­
ginal vein con:8uent with the nerve-like margin. 

Inflorescence axillary, the common peduncle terete. about 
5 mm. long, bearing 3 cylindrical, slightly obtuse buds. 
Calyx-tube somewhat campanulate, more than twice the 
length of the somewhat conical operculum, the entire bud 
about 10 mm. long; pedicels slender, 2-3 mm. long. Fila­
ments cream-coloured, arranged in two rows around the 
staminal ring. Anthers (immature) versatile, oblong or 
nearly so, opening in long, parallel slits, the dorsal gland 
large, occupying nearly the whole of the back and usually 
projecting over the top of the cells in front. Floral disc 
forming a dark coloured lining over the top of the ovary 
and extending up the calyx-tube to the slightly raised 
stamina! ring . 

.Fruit moderately thick, broadly eamp8DJl}ate, 4-celled, 
7-9 mm. long, 7 mm. broad, somewhat abining, the rim or 
disc truncate, valves short and well enclosed. Capsular 

¥-Aapat 1,1II1II 
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diao forming a moderately sharp, slightly raised convex 
ring around the top of the fruit, or what was formerly the 
'Staminal ring, which still maintains its raised position. 

This species is named in honour of Miss Mary Merrick, 
who, in her capacity as librarian and stenographer, 
Botanic Gardens, Sydney, has been of very great help to 
us in our Eucalyptus work. 

Range. 

So far it is known only from Western Australia. It has 
been found at Grasspatch, in sandy, loamy depressions 
around the salt lakes and saline fiats, among other Mallees 
and small dense shrubs (C. A. Gardner, No. 1718, in field 
notes, No. 2218, on herbarium label, 23rd May, 1924). 

Affinities. 
1. With E. Ebba;noensis, Maiden, depicted in Part xlvi., 

Plate 189, "Crit. Rev." In the absence of complete mate­
rial, that species appears to be its nearest affinity, in its 
Mallee-like habit, in the buds and fruits being in threes 
and to some extent in the shape of the immature anthers. 
The other botanical characters are, however, very different. 

2. With E. eudesmioides F.v.M. This specie& is also more 
or less of a MaHee-like growth, and the inflorescence 
appears to be always in threes. The leaves, however, are 
opposite for a long period, and they are much shorter and 
broader than those of E. Merrickae, while the buds and 
frqit&, although bearing a slight resemblance, are never­
thele~b quite distinct from those of E. eudesmioides. 

15. Jll.OVULABIS Maiden and Blakely, n. sp. 
Frutex parvus. Mallee similis 6-12 feet altus, caubbus .. racili­

bUI cortice stratis tenuibus see@dente; foIhs junioribus nOD 
vilis; foliia maturis altel1latis, petiolatis, supra Bubtusque atro­
't'iridibus, nitentibus crassiusculis anpsto-Ianceolatis vel acum!. 
natia leviter falcatis 6-10 cm. lonris, 6·10 mm. latis; venis 
obscuris, venis lateralibus e costa 26-80· orientibus; vena 
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scentia axillari, pedunculo leniter compresso, surlUm dilatato, 
mnbellam 5-ftoribus peciicellatis ferente; alabastris urceolatius­
culis, calycis tubo operculum obtusum plus dimidio excedente, 
.5 mm longo, 8 mm. diametro basin versus; antheris oblonlis 
truncatis longitudinaliter aperientibus; fructibus ovoideis 4-6 
mm. longis, 4 mm. diametro, oriftcio contractis, plus minusve 
obscure costa tis, margine angusta valvis bene inclusis. 

A smllll, Mallee-like shrub, 6-12 feet high, with pinkish­
grey, slender stems and flaky hark decorticating in thin 
:f!akes. Locally known as "Narrow-leaved MaUee" (C. A. 
Gardner). 

J uvenue leaves not seen. 
MatflA"e leavell alternate, petiolate, dark green on both 

surfaces, shining and somewhat thick, narrow-Ianceolate to 
'SOmewhat acuminate, slightly falcate, 6-10 cm. long, 5-10 
DlDl. broad. Venation obscure; lateral veins spreading at 
an angle of 25-35 degrees with the midrib; intramarginal 
vein very close to the somewhat thickened margin. 

Infloresce'llce axillary, tht' common peduncle slightly 
'Compressed and expanded upwards, bearing an umbel of 
5-8 pedicellate flowers. Buds somewhat urceolate, the 
calyx-tube slightly more than twice the length of the short, 
almost obtuse operculum, 5 mm. long, 3 mm. in diameter 
at the base. Filaments cream-coloured, inflected in the 
bud. Anthers oblong, or broader at the top, truncate, 
opening in parallel slits, the dorsal gland rather large and 
globose, inserted on the upper half of the anther. Floral 
disc represented by a membranous-like lining over the 
top of the ovary, and extending around the calyx-tube 
towards the base of the staminal ring. 

li'",,'t ovoid, 4-6 mm. long, 4 mm. diameter, 3-celled, con­
tracted at the orifice, the rim narrow, the surface more or. 
leIS faintly ribbed, valves deeply sunk. Capsular disc 
forming a slightly thickened convex band around the 
orifice of t~e capsule, and slightly exceeding the calyx-rim. 
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Baflt16. 

It is confined to Western Australia, 80 far as 'We kno" at 
present. Found at a locality called "SabDon Guma," ia 
open forest with E. dipt.ra. (C. A. Gardner, No. 2227, 24th. 
:May, 1924; the type). 

Atfitaitiu. 

1. With E. dumora A. Cunn., dealt with in Parts iv. 
and uxviii., U Grit. Rev." The buds of E. ot)"l4riI are 
very like some of the small-flowering forms of E. dutllO.., 
and the immature anthers also resemble those of the latter 
species, but the fruita and other characters are very 
disaimilar . 

2. WIth E. KondtnitIe_ Maiden and Blakely, n. sp. 
The anthers of both species are somewhat alIke, and the­
leaveil are also narrow, but they are easily separated by 
other morphological characters. 

3. With E. oleoN F.v.M. Some forms of E. oleaN are 
noted for their narrow leaves, and, in the absence of buds. 
and fruits, could be easily confused WIth E. OtJ1Uanl. As 
both species are of a somewhat similar habit, it is pardon. 
able to make a mistake. 

4. With E. D~ Maiden. See Part DXiii., "Crit. 
Rev. " Ita afBnity with E. DtI4tdtJIi is mainly in the narrow. 
glossy leaves, and in the slightly urceolate buds, but the 
operculum is more rostrate in E. Dt&4Idari, and the anthers 
are D&1'1'ower. 

5. With E. CltJdooaZyll; F.v.M., dealt with in Part xnvi., 
p. 161, "Crit. Rev." The buds and fruits of 11. owZcIrV 
are somewhat similar to some of the IDD8lJ. forms of 11. 
olotJDcGlgII;, but they are much smaller in the former, &1ld. 
the anthers are quite different. 
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16. E. STAEBII Maiden. 

Synonym: E. marginata Sm. var. 8taem Maiden, this 
Journ., :dvii., 280 (1918), and "Orit. Rev.," Part Ii, p. 
13, Plate 210. 

B.8taem Maiden MSS., is described (except the Latin) 
in Kessell and Gardner's "Key to thE" Eucalypts of West­
ern Australia," p. 110 (1924), with my concurrence, and 
it will be sufficient to tranhcribe It with some alterations 
.and additions. 

Arbor ereeta 40-5Oft. alta, truneo robusta ca 2ft. diametro, 
ramulis patentiusculis; cortlee cinereo brunneo erasso longi­
tudiaaliter swcato, parte exteriore in stratis latis secedente, 
lipo pallido-ftavo; foliis junioribus tenuibus seBsilibus ovatis 
pallido-viridibua. costa conspicua; foliis maturis erassis 
rigidis ovato-Ianceolatis vel lanceolatis, 11 cm. longis, 4 em. 
latis, vena peripherica a margine crassato remota; pedunculis 
Axillaribus ea 2.5-3 em, longis plana parte superiore dilatata 
ambellam 4-8 ftoram in pedicellis ca 5 mm. longia, ferentibus; 
eal:rcis tubo obconieo vel angusto-turbinato, operculo obconieo, 
antheris reniformibus, fructibus globosi. ca 2.5 c.m. diametro. 
margine prominente capsula leniter depressa, valvis obtusis 
inclulis. 

'I Albany Blackbutt." An erect tree of 40-50 feet with a 
stout trunk and rather spreading branches. Trunk to 30 
feet and 24 inches diameter. Bark dark greyish-brown, 
thick and longitudinally fissured, the fissures more or less 
whitened or yellowish-grey, the outer bark shedding in 
broad flakes not as stringy as those of the J arrah ( mar­
gWaata) , but not friable as the Blackbutt (patens) bark. 
It is intermediate between the two in character and appear­
ance. Timber pale, yellowish. Brancht's crooked. Tht' 
inner :Bakes of bark reddish. 

Juvenile leaves not seen in quite the youngest state, 
.ovate, thin, sessile, pale green, with conspicuous midrib 
.and purple-red nerves, the secondary veins spreading and 
irregular, the intl'amarginal vein distant from the edge. 
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Obtuse and roughly 2 inches (5 em.) long by Ii inchea 
(3 em.) wide. Mature leaves ovate·lanceolate to lanceolate, 
thick and rigid, on very angular branchlet. and with :8&t­
tened, twisted petioles, acuminate, pale green with a thick 
yellowish midrib and flne roughly parallel spreading veins; 
the intramarginal one at a distance from the thickened 
margin. Peduncles axillary, about 1 inch (2.5 cm.) long~ 
stout and :flattened, widened near the top, supporting an 
umbel of 4·8 rather large :flowers on fairly long angular 
pedIcels. Calyx.tube obconical or narrowly turbinate, 
taperIng into the pedIcel. Operculum conical, slightly 
spreading at the base and forming a prominent angle with 
the calyx-tube. Filaments whitish j anthers kidney-shaped, 
opening in upwardly con:fluent slits. Fruits globose, about 
1 inch (2.5 em.) in dIameter, WIth a prominent rim and 
slightly sunk capsule WIth obtuse included valves. 

The name commemorates John Staer, seed-collector, from 
whom I orIginally received specimens. 

Range. 

Confined to South Western Australia (at no great dis­
tance from Kmg George'8 Sound), 80 far as we know at 
present. Occurs on b8ndy, usually sub-swampy :flats near 
Albany, extendmg over the sandy places to Denmark and 
near the Kent River j :flowers yellowish-white, :flowering in 
November. 

Affin.iti6,. 
1. With E. mM'giMta, Sm. Compare the figure of E. 

Sta,em <as E. mMgiMta, var. Sta,em) on Plate 210, with 
that of E. ""o".giMta, on Plate 230 <" Crit. Rev. "). The 
leaves are much the same, but the fruits are different, in 
the former being larger, globose, and when ripe, with exsert 
valves &lld a wider rim, those of the latter being pyriform, 
and with slenderer peduncles and pedicel.. :Mr. Gardner's 
opercula of E. StM,," are conical, While those of E. mew-
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gifulta are very much more elongated. The ditferences in 
the two barks have already been described, while the two 
species are sharply separated by the pale-coloured wood 
of E. Stas,," and the well known deep red, heavy wood of 
the latter. 

2. With E. Todtiana F.v.M. See Part xx. and Plate 88, 
"Orit. Rev." The timbers of the two species are pale­
coloured, and but of little t'conomic value; the fruits are 
of about the same size and shape, but those of E. TodtiaM 
have smaller apertures and thinner rims. The latter species 
is scarcely found south of Perth, while the home of E. 
8taen,i is the King George's Sound district. The anthers 
of both species are, however, quite different. The aflinities 
of the two species rt'quire to be further worked out. 

We de'!ire to emphasise our indebtedness to Mr. C. A. 
Gardner, late of the Forest Department of Western Aus­
tralia, for valuable notes and specimens of most of the 
W('stern species, and take the opportunity of thanking Dr. 
G. P. Darnell-Smith, Director of the Botanic Gardens, 
Sydney, for many courtesies in connection with the pre­
paration of this paper. 



THE KOSCIUSKO PLATEA.U. 

A TOPOGBAPHIO REooNNAISSAN('E 

by 
AMociate-Profeasor GBIFPITH TA YLOB, D.Se., B.B., 

Aaaistant-Profeasor W. R. BROWNE, D.Se., AND 

F. JARDINE, B.Se. 
(Wi'" ODe tnt tip ... IDd plat .. I -III ) 

Itllroducftoft..-Early in 1922 the first-named author 
was asked by Sir Edgeworth David to earry out a rapid 
topographic survey of the Kosciusko Plateau with a view 
to preparing a model of this very interesting locality. 
Professor Browne and Mr. F. Jardine were associated 
with the work throughout, and after the 6rht few days 
each investJ.g'ator worked at a separate regIon so as to 
cover the whole ground in the fortnight allotted to the 
:field survey. Considerable help as regards transport and 
accommodation was gIven by the Chief Secretary's Depart­
ment (including the Tourist Bureau), and by the Depart­
ment of Edueation. The wrIters express their gratitude 
accordingly. 

Method d/ W ork.-In the tIme available it wah not pos­
sible to prepare an accurate contour map of a mountain­
ous region of 20 mile!> long and 6 miles WIde. Two or 
three factors,· however, made it p088ible to produce a 
useful map in the time. In the 6rst place a well-built 
motor road traverses the plateau, marked wIth milestones 
and heights--so that we could refer to these quite fre­
quently. Again, the upper western portion of the plateau 
(above 6000 feet) 18 maInly open country consistlng of 
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:heather, grass or bare slopes. Here levels and directions 
.could be rapidly obtained. The lower portion to the east 
is generally thickly wooded with a eucalypt forest, whi('h 
makes it much harder to obtain levt'ls. As, however, this 
lower portion was much less interesting from a physio­
graphic point of view, we did not attempt to map it in 
any great detail. 

The first day or two was spent in the vicinity of Digger '. 
Creek, but thereafter we made Betts' Camp our head­
quarters. We spent one night in the broken-down hut on 
the side of Kosciusko. The last few days our track'J radi­
ated from the Hotel or from "The Creel" at the entrance 
to the Plateau. The measurements were made by pru.matic 
compass, aneroid and Abney It'vel. The levels were 
checked by reference to some known height, morning and 
evening, but we did not attempt to correct for daily 
barometric change by comparison with a barograph. 
Hence our levels are described on the map ao, "form­
lines" and not as "contours." A great number of photo­
graphs (whose directions were recorded) and pa!!oramic 
sketches were used in completing the topography. .As 
stated on the map, we did not attempt to survey the 
regions on the left bank of the Snowy below Blue Lake, 
or on the right bank of the Crackenback River. The region 
just south of the elbow of the Snowy River is rather in­
accessible, and hence has not been adequately mapped. 

Since this paper i& not primarily concerned with the 
geological or physiographic features, we do not propose 
to give a biblIography of former work on the Plateau. 
The chief two papers of comparatively recent date are by 
Professor Sir Edgeworth David (Roy. Soc. N.S.W., 1908) 
and by David, Pittman and Helms (Roy. Soc. N.S.W., 
1901).- Further literature is mentioned. therein. ___ _ t __ 

• A block diaa_ram and 80me note8 on the glacial feature8 
appear In ''The Geol1'apmeal WDOr&tory' by G. and D. Taylor, 

. Syc1ne:v. 19215. 
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In 1909 a map of the Plateau showing some toP081'aphie 
features by means of rough haehures was prepared by th& 
late Government ArchItect (Mr. W. L. Vernon), ad 
published by the Tourist Bureau. Although it was difficult 
to estimate heights from thIS map, we found it of con­
siderable assistance In our own survey. The parish.mapa 
published by the Lands Department were also called into 
service, though they show httle but the plan of the creeks. 
and rivers. 

The writers desire to express their hearty thanks to the 
head of the Commonwealth Department of Lands and 
Surveys, and to hIS officers for the care with which they 
have converted our original field contour-map into the 
finished map publIshed hereWIth. 

8aUeft' Fealur68.-Det&lls of the topography and glac1-
ology will be discussed In a later publication, only the 
sahent features being noted here. The Plateau a"l surveyed 
consIsts of a rectangular area (some 20 mIles by 6) whose 
long 8XlS runs approxImately. northeast and southwest (see 
Fig. 1). It is well-defined on all sides except the west,. 
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where it merges into the main divide of the State. Along 
the northw('st and northeast it is bounded by the deep 
Snowy River Valley; along the southeast by the linear 
Crackenbaok-Thredbo gorge, and on the west and south­
west the Plateau slopes steeply into the valley of the' 
Murray and its tributaries. From Kosciusko in the ex­
treme west of the survey, the divide runs north-northeast 
through Mt. Twynam towards Kiandra. We have not 
mapped the divide beyond Mt. Twynam, though it W&I 

very apparent as a flat upland of some 6000 feet elevation 
all along the northwest side of the Upper Snowy Valley. 

The rectangular block with which we arc concerned 
rises fairly gradually from east to west. At the junction 
of the Thredbo River and the Snowy River (near "The 
Cred"), it is 3000 feet above the sea. Mount Kosciusko 
at the other extreme is about 7328 feet high. Only a few 
isolated patches along the divide rise above 7000 feet. 
We have shown Kosciusko, Townst'nd, Twynam and Ram '. 
Head as over 7000, while two smaller portions mlly just 
reach that elevation. 

A horseshoe-shaped area surrounding the Snowy head­
waters exct'eds 6500 f(>et. The western "limb" is about 
9 miles long and the eastern about 6 miles. The 
"Perisher" is the only notablp "outlier" of this height, 
but two other mountains (PI and PI) on the map near 
Perisher just about reach 6500 alRo. There is a very 
marked drop in the Plateau east of the Perisher Creek, 
for practically all the high land (over 6000 feet) lies to 
the west. 

Only a few summitR (e.g., Mt. Sunrise, Pretty Point, 
and T8 ) approach this height to the east of that creek.­
Th .. 5000 feet contour bounds the Plateau uplands around 
the lower Snowy River, which flows through a gorge 
which is largely below that level. 



The drainage is arranged aceordina to a very interesting 
plan. The main stream of the district is really the broad 
Eucumbene valley in the extreme east. This is lo.er and 
"older" than the Snowy Valley. The latter has cut back 
as a gorge into the uplifted plateau-probably along fault 
planes-as far back as Charlotte's Pass. Above this the 
valley is fairly wide and approaches maturity. Further 
west, the headwaters, above the road-ford, fiow as meandera 
through a fiat senile valley. The Crackenback-Thredbo 
Valley is a profound gorge for most of its extent. We 
did not descend to the river, except near The Creel in 
the east. Besides these two parallel gorges of the Snowy 
and Crackenback, there is a third more or less continuous 
... alley running between them. Since this is occupied by 
the main road, we may refer to it as the "Road Valley." 
It consists of a series of shallow basins linked by cols or . 
gaps. Thus from east to west (ascending up the road) 
we cross Bennix Gap, the Hotel "Basin," Daner's Gap, 
Piper's Basin, Piper's Gap, Perisher Basin, Perisher Gap, 
Spencer's Basin and Charlotte Pass. Each of these Basins 
drains to the north by a creek leading into the Snowy 
River. This "Road Valley" is about 1000 feet above the 
two parallel river valleys. Its topography is probably in 
part due to bygone glacial erosion. 

As regards the. map itself we have added several new 
glacial features. The most notable are the large ancient 
moraines whlch we have named after Sir Edgeworth David 
and Sir David Masson. A very perfect crescentic moraine 
on the east sid.e of the Etheridge Range is named after 
Dr. H. I. Jensen, who carried out lengthy observations in 
the old Mount Koscdusko observatory. The8t' with similar 
examples will be d_bed e~here. 

t 

We were able .. identify a number of new cirques, not-
ably south-east of Charlotte's PasR, near Club Lake and 
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-on, the Perilher group of mountains. None of these 
it to typieal as the Blue Lake cirque--or &8 thOle of 
~adle Mountain and Mount Field in Tasmania. In 
order to facilitate reference to unnamed features 'We have 
adopted the usual plan of naming them with a group­
letter and a number. These can be replaced by appropriate 
names in the future. Two plates are inserted which illUl­
trate the large model prepared from our survey map bT 
the second year students in the Department of Geograph1,. 
1922. The model is 4i feet lonr; and the vertieal scal& 
is twice the horizontal scale. As a result the model baa 
almost exactly the appearance of the natural topography ~ 
whereas a true scale model would appear too flat. 

DESCRIPTION OF PLATES. 
• PW. I. - Map of I{o.ciuko Plateau (20 mil •• by 6 miles) .. 

wbere the elevationa are represented b7 form-lines or ap­
pro:Eimate contour •• 

PIG,. 11.- Photograpjl. of a Model of the Kosciusko Plateau, 
yfewed from abov.. The oricinal mode!ja 41 feet long. 

PIGt.III.-Photograph of the model, looking due west toward. 
Kosciusko (shown as the highest knob in the distance) from 
the junction of the Thredbo and the Snowy Rivera at the 
extreme eut. 
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THE ESSENTIAL OIL OF EBIOSTEJlON 

MYOPOBOIDES (DE CANDOLLE). 

By A. R. PENFOLD, F.A.C.I., F.C.S. 

Economic Chrmist, Technological Museum, Sydney. 

(Read beltwe the Royal Society 01 New South Wales, S,pt. 2, 1925.) 

The botany of this Rutaceous plant is fully described 
in "Flora Australiensis", Volume 1, page 333. It is a 
stout, usually tall, giabroulil shrub, with narrow greyish­
green leaves and small white :flowers, and occurs along 
the coast to tableland district of New South Wales, Vic­
toria and Queenqland. It is very abundant at Emu Plains, 
situated at the foot of the Blue Mou'1'Ltains of thi'J State, 
growing luxuriantly on the slopes adjacent to thE:' water 
courses, where the major portion of the matt'rial t'xam­
ined was collectE:'d. On crusbing the leaves bE:'tween the 
fingers a characteriRtic pleasant odour is evolvE:'d in which 
both pinene and ocimene ('an be detected. 

The oils from thE:' three consignments were very mobile, 
of a bright yellow, colour, with a most pronounced fiuores­
eence indicative of the methyl ester of anthranilic acid, 
and of pleasant terpenic odou.r. The yield of oil from 
two widely different Jocalities, 200 miles apart, was prac­
tically constant, 0.75%.. The principal constituents which 
have so far heen determined proved to be d-a-pinene 
(75-85%), ocimene, ledum camphw (Denman sample), a 
sesquiterpene, :methyl anthranilate, a paraffin of M.Pt. 
,64-65°, with traces of a phenolic body. 
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Ezperimental. 
l111-lbs. of leaves and terminal branchlets collected at 

Emu Plains and Denman, both of N.S.W., yielded on dis-
1i1lation with steam, crude oils possessing the chemical and 
physical characters, as shown in table:-

Percentase Specific Optieal 
Looallf;F. Welsht ),.eld Grav.t)'. Rotation. 

of leavee. of od. \ ~o 
5/8/1924 Denman, N.S.W. 78-lbs. 0.77% 0.8789 + 29.2° 

18/10/1924 Emu Plains, 580-lbs. 0.76% 0.8580 + 36.75· 
N.S.W. 

8/3/1925 Ditto 503-1bs. 0.71% 0.8584 + 36.75° 

Rehactlve 
Index 20·. 

Solubllit)' In Sap. No. hot, 
80% alcohol (b:r weight). l'A!-houl'll. 

Sap. No. hot. 
l¥.,-hou1'8 

after acet:vlebon. 

1.4740 
1.4690 
1.4687 

insoluble in 12 VOIR. 6.1a 
do. 6.38 
£lo. 4.61 

24.69 
14.59 
16.18 

The crude oils were subjected to fractional distillation 
under reduced pressure, and the terpene fractionR thus 
separated WE're again repeatedly redistilled over metallic 
sodium, both at 10-20 mm. and 769c770 mm., when the 
following fractions were finally obtained:-

1st lot (Denman)-
Volume Specific Opbcal Refract.ve 

Bolllns point. percentap. Grav.t)' Rotation. Index. 20°. 

155-157° (753mm.) 43% 0.8603 +41.62° 1.4660 
157-159° (753mm.) 19% 0.8580 +39.80° 1.4671 

60-74· (20mm.) 7% 0.8417 +24.60° 1.4735 
2M lot (Emu Plains)-
155-157· (769mm.)} 87% 0.8608 +42.25° 1.4660 
157-161· (769mm.) 0.8;)83 +39.5° 1.4674 

68-70° (20mm.) 4% 0.8439 +26.8° 1.4715 

70-78° (2Omm.) 4% 0.8314 +15.2° 1.4760 
.Bra, lot (Emu Plains)-
155-157° (770mm.) 80% 0.8593 +40.7° 1.4668 
157-158° do. 7% 0.8566 +37.8° 1.4676 
158-165· do. 4% 0.8523 +32.7· 1.4743 
165-175· do. 2% 0.8467 +26.75· 1.4816 
175-185° do. 1% 0.8374 +15.1° 1.5027 



Determination of d+piMn6.-Whilat the ohemioal and 
physioal constanta of the various fractions of boiling point 
156-157·, as shown in table, pointed to the prinoipal ter­
pene being d-a-pinene, the lower specific gravities, high 
refractive indices and the readiness with which the various 
fractions resinified, was very pronounced evidence of 
admixture with an olefinic terpene which was impoaaibJ.e. 
of complete separation by fractional distillation. Accord­
inl(ly, specimens of both Denman and Emu Plains frac. 
tions of boiling point 155-157° were oxidised with pOt$&­
sium permanganate (see this Journal, Vol. LVI, page 196),. 
and the pinonic acid was separated as described therein_ 
It distilled in both eases at 176-182° at 5 mm. and solidified 
immediately on condensation. The crystals were separated 
and purified from petroleum ether (B. Pt. 50-60°), wh6n 
they melted at 68-69° and 69-70° respectively. The semi­
carbazones of each were prepared, the melting point being 
207°. The specific rotations were as follows:-

Denman Sample-
0.6174 gram in 10 c.c. chloroform gave a reading of +5.6°. 

l a roo + S9.0S· 

Emu Plains Sample-
1.0940 gram in 10 c.c. chloroform gave a readIng of +9.9°. 

[,,)10' + 90.7" 

The hydrochloride of the Denman sample was prepared 
in the usual way, when on recrystalliaation from absolute 
ethyl alcohol it melted at 130-131 ° ; 0.5254 gram in 10 c.c. 
ethyl alcohol gave a reading of +1.75° at 160 • 

. [,,]~. + 38.34" 

Determination of ocimene.-2400 C.o. of the crude oil 
(Emu Plains lot) were repeatedq distilled under reduced 
pressure, when finally 27 C.c. of a very mobile liquid was 
obtained, which on distillation over sodium boiled at 75-
78° at 20 mm. It possessed the following constants:-
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Specific Gravity, HO 0.822 
Optical Rotation .. +9.4 ° 
Refractive Index, 16° 1.4800 

Although still contaminated with d-a-pinE'ne, the sample 
possessed the characteristic odour and physical characters 
of ocimene. On reduction with sodium and alcohol, crude 
dihydromyrcene was obtained of boiling point, 68 0 at 
20 mm., specific gravity, tr, 0.795, and refractive index, 
20°, 1.4520. The characteristic bromide was prepared d'Ud 
i'lolated, when on re-crystallisation from hot absolute 
alcohol it melted sharply at 88-89°. The identity of 
ocimene was thus confirmed. It will be observed on refer­
ence to the table that fraction, 175-185°, which had been 
distilled over metallic sodium at 770 mm., had a refractive 
index of 1:5027 due to the conversion of ocimene to a11o­
ocimene. 

Determination of anthranilic acid methyl ester.-The 
small rebidues left after removal of"' the terpenes were 
united, dissolved in ether, shaken with dilute sulphuric 
acid, and the dissolved ester liberated by mean'! of caustic 
soda solution and taken up with ether. After removal 
of the solvent a small quantity, about a half c.c., of a 
highly fluorescent liquid was left, which was treated with 
picric acid diSbolved in the smallest possible volume of 
alcohol. The very small quantity of picrate obtained was 
re-crystallised from ethyl alcohol, when it melted at 
103-104°. 

Determination of letlum oampkor.-200 c.c. crude oIl. 
ex Denman consignment, on distillation yielded 152 C.c. 
distilling below 74° at 20 mm. The residue on pourmg 
from the flask solidified immediately. It was cooled for 
some days at 0° and transferred to a Buclm.er funnel. 
whereby 13 grams of a white crystalline solid were 
obtained. (The :filtrate, on cooling for a number of months 

.-septenlber 10 1116 
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in the ioe-chest, yielded a further 1.5 grams of prilmatic 
needles.) It was readily soluble in all the usual organic 
solvents, but was best re-orystallised from absolute ethyl 
aloohol, when it melted sharply at 1040 • It was a beauti­
fully crystalline body, separating from solvents and 
subliming in long prismatic needles: 1.0366 grams dis. 
solved in 10 c.c. chloroform at 20° gave a reading of +2.9°, 
{,,]~o. +2;.97. 

The following results were obtained on combustion:­
(1) 0.1010 gram gave 0.2998 gram COJ and 0.1050 gram 

H20. C .... 80.95%. H = 11.55%. 
(2) 0.1008 gram gave 0.2992 gram COl and 0.1061 gram 

H20. C = 80.95%. H -11.69%. 
C1DH2SO require'J C - 81.08%, H = 11.71 %. 

A molecular weight determination by the bOIlIng point 
method (0.8908 gram In 30 c.c. acetone elevated the boiling 
point 0.3 0 ) gave a re&ult of 218: CU H280 requires 222. 

The above experimental work proves the body to be a 
sesquiterpene alcohol, and to be identical with ledum 
camphor isolated from the oil of Labrador Tea (Ledum 
paiustre, N.O. Ericacae), as per Gildermeister & Hoff· 
man's "Volatile Oils" (1922), Volume III, pp. 383-384. 
This alcohol has not previously been observed in an 
Australian essential oil, and is the second recorded in­
stance of its occurrence. Owing to the l'omparatively 
small quantity -of the sesquiterpene alcohol available, only 
a few grams could be spared for conversion to the cOfres­
ponding sesquiterpene. 

On treating 3 grams with 100% formic acid at 20°, 
water was immediately split off with separation of a sesqui­
terpene. It gave an olive green colouration with bromine 
in _tic acid solution, and a bright emerald green colour 
wi'- .phuric acid in acetic anhydride solu.tion. 
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Determination of sesquiterpene.-Mter allowing the 
iUtrate from the ledum camphor to stand for several 
months in an ice-chest, and freeing from a further 1-2 
,grams of solid, the liquid (about 10 c.c.) was separated, 
and distilled over metallic sodium. It boiled at 130-135° 
.at 10 mm., had a specific gravity, lor , 0.9636, optical rota­
tion, _39°, and refractive index, 16°, 1.4982. It gave all 
the usual colour reactions for sesquiterpenes, but failed to 
,yield any of the usual crystalline derlvatIves. 

DeterminattOn of a paraffin.-The high boiling residues 
from the t;esquiterpenes, on treatment with acetic acid 
and ethyl alcohol, yielded a small quantity of a paraffin. 
On re-crystallIsatIon from hot ethyl alcohol it melted at 
64_65°. 

I have t.1 express my thanks to Mr. F. It Morrison, 
J... 8. T. 0., A. A.. C. I., Assistant Economic Chemist, for lus 
usual aSSl&tance in this investigation. 
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THE HUMAN SEX-RATIO AND THE REDUCTION 
OF MASCULINITY THROUGH LARGE FAlfILIES. 

By Sm GEORGE XNIBBS, 

C.M.G.; Hon. F.S.S.; M.I.I.de Stat.; Hon. X.A.M.S.A.; 
Hon. M.S.S.Hung.; etc. 

(Read befor, th, Royal Society of New S~fh Wales, Self. 2, 1925.) 

Syno;sis.-l, General. 2, Masculinity in general. 3, Sig­
nificance of high masculinity of still-births. 4, Etfect of mul­
tiple-births on masculinity. 5, Masculinity and size of family 
in Australia. 6, Constitution of families referred to in "Who's 
Who." 7, Probabilities of the constitution of groups of families 
of children. 8, The decrease in the numbers of cases. 9, Parkes" 
Peerage results. 10, Difference of masculinity of living and 
deceased issue. 11, Conclusions. 

1. General.-The phenomena of the sex-ratios of various 
forms of life are of the first order of importance, and 
among them, those which throw light upon the make-up of 
human populations are of special interest. 

Up to age 50 th? number of males usually exceeds 
the number of females in the case of both eastern and 
western populations. From that age onward the males are 
in defect in the west, but in the east are in defect only from 
age 60 onward (~ee the table hereunder): females are in 
excess. 

About the beginning of t. present century, the number 
of males per 1000 females, in the aggregate of ten western 
co-q,.ntries, viz., Canada, England and Wales, Germany t 
Ireland, Italy, Newfoundland, Norway, Scotland, Sweden,. 



the United States and Australia (see line "w" below), 
and of the Cape of Good Hope, Ceylon and India (see line 
•• E" below) were as follow:-

Apt 0 1·' 6-8 10·1' 16·19 110.24 26·119 80.14 86-89 40-44 "-49 
Batlo W 1024 1016 1014 101& 992 879 881 1006 1011 1020 10111 

.. E 1008 986 104'1 1212 1078 919 1022 1087 11811 10811 1181 
.... 60-114 1111-9 60-4 66·9 70.4 7&·9 80-4 8&·9 90.4 8&·9 0.100 
Batfo W 988 861 984 927 906 896 8'7 784 674 &88 996 

" E 10011 10911 870 882 878 885 878 9011 880 880 1089 

2. Masculinity 1n general.-" Masculinity" may be ex­
pressed in the way indi(.'atf'o, or, better still, by the differ. 
oence between males and femalt's divided by their sum; that 
is (M-F)/(M+F). Pt'r 10,000 nuptial births and per 
10,000 ex-nuptial births in Australia from 1919 to 1923 
the masculinitie~ were respectively as follow:-

Australian Mahculmitie.-, at BIrth, 1919-1923. 
Year . . 1919 1920 1921 1922 1923 Average "Deviation" 
Nuptial 292 301 285 267 259 281 15.6 
Ex·Nuptial 403 560 296 337 172 354 127.8 

The irregularity of the ex.nuptial cases is very striking: 
the "mean squarE' deviation" is as .. hown in the final 
eolumn. 

The ratio of males to females for still-births divider'! by 
that ratio for live·births gives quotients of from about 1.16 
to about 1.36, and for Australia the ratio of males to 
females for nuptial first bIrths was about 1.00246 more 
than the mean for other births (1908 to 1913). For more 
recent perIods it was found to be as shown in the followmg 
table, which gives the numbers of male& per 1000 female&, 
for most countries of Europe,· viz., for Switzerland, 
Francd:-'Denmark, AustrIa, Portugal, Sweden, Netherlands, 
Belgium, Norway, Finland, llungary, Bulgaria, Iceland, 
Spain and Greece:-

COUNTRY. 
swts., fro DeL Aut. POl't. Swed.Neth.BelI'. Nor. FlU. Ruul'lIwl'. Ice. &pu. Gr. 

LIVE BIRTHS. 
10111 1068 1066 1068 1067 1068 1069 1069 1080 1081 1070 1071 10711 1098 1188 

STILL BIRTHS. 
1111 18&8 1241 1299 1288 12&9 1248 1811 1287 1806 1286 1890 1112 U86 11111 ---- ----* See G. H. Knibbs, Journ. Roy. Soc., N.S. Wales, 1925, p. 128. 
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The means of the llrst seven countries, of the upper anc! 
lower :figures, are 1048.4 and 1285.4 respectively, and of 
the last eight countries are 1082.2 and 1321.0 respectively. 
These make the masculinity for still births that for livO' 
births multiplied by 1.2262 in the former case and 1.2206 
in the latter j or say on the average by about 1.2234. Or 
dividing the total into three groups of five we get the 
following results:-

Lav. Blrtu. A9 ...... of. be _atria 
Still blrtba. A9ftqa of. fin countrt .. 
Batloe. SWI to Ll". B1I'tII8 • • • • • • 

1.01144 
1.8IIS1 
1.8811 

1.069' 
1JI7SlI 
1.1086 

1.08118 
1.8888 
1.1101 

...... 
1 ..... 
1.10" 1.11'" 

One may say, therefore, that for western peoples the ratio 
of males to females for still births is about 1.305 j that for 
live births is about 1.070, and the ratio between the two is. 
1.220. Other examples given elsewhere by me· show that 
the ratio ranges between 1.157 and 1.360, and average­
about 1.240, and Western A~tralia, 1914 to 1924, gave-
1.0455 for live-births, 1.2892 for still-births, the ratio 
being 1.2331 between them. 

That this sex-ratio, males to females, is invariably 
greater for still than for live-births indicates that male­
lives are in greater jeopardy prior to birth than are­
female lives. 

3. Signifioanoe 01 high masoulinity 01 still-births.-Th& 
significance of the difference of the sex-ratio for still and 
live-births may be seen from the consideration of the rela­
tive numbers in. the two cases. Thus, symbolically, 
Still births=m+f. sex·ratiO m/f. 
Live " =M+F j "M/f. 
Total ,,-M+m+F+fj " (M+m)/(F+f). 
Thus, though the sex-ratios may differ greatly in the tw& 
cases, the ratio over all is but slightly affected. For 
example, in Western Australia, from 1908 to 1913, the sex-

• S,e Mathematical Theory of Population, Appendix A, Aus­
tralial'.l Census 1911, p. 188. 



8U ... ax :RATIO AlQ) XMIOULlJlrrY _D17O'l'JO.. 215 

ratio (M/F) for all births was 1.0534, while for all live­
births it was 1.0476, the total still-births being M.853, 
F.678, and total live-births M.25057, F.23919. The sex­
ratio for the still-births was no less than 1.258. 

The ratio of still to live-births in Western Australia for 
males was 0.03404, and for females 0.02835, for both com­
bined 0.03129. Thus, apparently, though effective insemi­
nation may be more frequ('nt for males, the risk of death 
before or at birth is appreciably greater than for females. 

4. Effect of multiple-births on masculinity.-I have 
shown elllPwhere that ratio of males to females is reduced 
by multiple births.- In the late German Empire, for 
example, during the period 1906-13, for such births this. 
ratio, per 10,000 females, was almost exactly given by the 
formula 

M/F = 10560 -103 NI, 
where N is the exceAS of births over 1. Per 1000 females. 
tht> formula gives ..... 
RatiO 1000 KIF. Total births at confinement 1 II 8 4 

Bl' above formula . . .• 1066 1046 87& '1'78 
.. Actualll' •. • . • . •• .• 1066 1087 974 '1''1'1 

Ratio (M-F)/(M+F). or "m .. culinitl''' . 272 22( -184 -II'S 
By fOI mula hereunder .. • . . . • • . . • • 272 224 -160 -1240' 

This last result is closely represented by the formula 
(M - F)/(M + F) = 272 - 47.5 NB.16, 

N h('ing again one l('ss than the number of multiple births,. 
and the ratio the "masculinity." 

Inasmuch as everywhere the numbers of multiple births. 
are relatively very small (for ('xample, in Australia per 
ten million confinements thrrp are only 98,020 twins, 829-
tripll'tll, 1;) quadruplets, and perhaps 2 quintuplets, or, 
roughly, 1 in a hundred confinem~nts for twins, and about 
1 in 10,000 for triplets), it is evident that these can affect 
the general masculinity but very slightly. And although 

* G. H. Knibbs. Journ. Roy. Soc., N.S. Wales, 1925, p. 128. 
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the linear increase of the frequency of twins, with the ale f& 

of the mothers increases in the ratio 1 + 0.00066 (a::.12) 
very approximately,· and thus is most effective at 
the ages associated with large families, it has but a very 
small effect. For this rea&on the variation of masculinity 
with size of family, which will be shown hereinafter to 
occur, must be regarded as a fundamental fact in the 
phenomena of human reproduction, just as much so as the 
production of fertile male ova exceeds in number that of 
fertile female ova, and not regarded merely as a conse· 
quence of multiple births. 

5. Masculinity and size of famtJy in Australia.-The 
families and issues quoted hereunder are compiled from 
data courteou"lly supplied by Mr. C. H. Wickens, F.I.A., etc., 
Commonwealth Statistician of Australia, and furnish the 
means of comparing with families of different sizes, the 
masculinity of the issue. They Ire based on the records of 
the total is<:lue of marrit'd males and married females who 
died during the three ~ ears, 1922 to 1924, and are 8S 

follow:-
Masculinity of Total Issue, Australia 1922 to 1924, 

Issue 
1 
2 
3 
4 
5 

1 to 3 
4and5 
6 and 7 
8and9 
10 to 12 

18 andover 
10 and over 

Families 
8,369 
9,078 
9,093 
8,800 
8,091 

26,540 
16,891 
14,441 
11,486 
9,612 
2,405. 

12,017 

per 10,000 children. 
M. Issue. F. 

4,374 3,995 
9,428 8728 

14,153 13,126 
18,263 16,937 
20,765 19,690 
27,955 25,849 
39,028 36,627 
47,670 45,370 
49,751 47,871 
51,698 48 822 
17,308 16428 
69,006 65,745 

Masculinity 
453 
386 
376 
377 
266 
391 
317 
247 
245 
235 
2.0 
242 

Calc. 
427 
391 
359 
330 
305 
391 abt. 
317 abt. 
276 abt. 
249 abt. 
237 abt. 

Totals 81,376 283,410 _,962 274 over all 

The masculi*J given in the table is 10,000 times the 
ratio of the diif~ of the males and females dividt'd by 

• See G. H. Knibbt, "oy. Soc., N.S. Wales, 1925, p. 128. 



BUllA. SBX UTIO AND H.IOULINITY _BDUOTIO.. ~ 17 

their sum; ie., 10,000 (M-F)/(M+F). It shows initially 
.a marked diminution as the size of the family increases, but 
for families of 13 children and over it seems again to 
increase. The numbers on which these last results depend 
.are, however, rather small. Families of 1, 2 and 3 issue 
have also bet'n combined, and also those of 4 and 5 issue, 
of 6 and 7, 8 and 9, 10 to 12, and 13 and over, with the 
results shown. A second dt'gree curve, adopted to rt'pre­
sent the results on the whole, is approximately:-

Masculinity = 467.6 - 42.15n + 1.93n2 

where n is the number of children in the family. It does 
not, howevpr, fit very wPll; in fact, no regular curve will. 
This function for 0 is 467.60; the first difference is 
- 40.22 and the constant difference + 3.86. Thpse con­
stants give the following calculated values:-
Family 0 1 2 8 • 5 6 7 8 II 10 11 12 18 
Hue. . 467.8 427 391 8119 880 306 284 287 254 246 239 287 240 246 

The actual rt'sults do not show this steady diminution but 
indicate that there are two dt'creases of masculinity, viz., 
for families of 1 to 3 children; then 3 and 4 are thl .. ame; 
when a sudden decreaKP to familit's of 5 occurs. The rpsults 
then oscillate, and actually, for families of 6 to 12, are as 
follow:-
No. in Family II 6 7 8 9 10 11 12 
HaRe. per 10,000 •• 266 281 868 281 260 2211 281 259 

6. Oonstitution of families referred to in "Who's Who." 
-The following data are obtained from the issue of per­
sons as reported in "Who's Who"; about the first half 
of the cases quoted. Thpy are classified according to the 
total number in the families and their constitution as 
regards their differing numbers of males and females. The 
numbers are the number of children and the numbt'r of 
families with that number are shown in 'brackets, thus, 
(1280). The probability of their occurrence is sho",\n. and 
the masculinities per 10,000 Rre given. 
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7. Probabilities of tke constitution of groups of families 
of ckildren.-If the chances of a male birth and a fpmale 
birth were exactly equal, then, evidently, where the issue 
is n in number, the relative numbers of different ca'iCS in 
such an issue will be all the integers in (1 + l)n; that is, 
they will agree with those of "Pascal's triangle." Or, to 
state it in another way, the possible permutations are the 
relative numbers _in question and are nl/(a l b l ), in which 
a + b = n, they being the variou possible numbers of 
males and females in the iHa.e. They are, for groups of 
families of from one.to seven ob,lldren, respectively:-

1.1; 1.2.1; l.a.J.1; 1.4.6.4.1; 1.5.1o.tO.5.1; 1.6.15.20.15.6.1; 
, 1.7.21.35.35.21.'7.1. 

To find the distri'tJlUtion to be expected on the assumption 
adopted, let the cases be divided in the proportion of that 
seri. if numbers, casting them, of course, to whole num-
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bers. Thus, for issue of 7, for which there are 98 caieS,. 
2" = 128, hence the expected numbers are 98/128 
(= (7/8)1 or 0.7656) multiplied into each of the figures 
1, 7, 21, 35, 35, 21, 7, 1. This gives the expected cases. 
They are about 0.77, 5.36, 16.07, 26.80, etc. Cast to the­
nearest unit~ these are 1, 5, 16, 27, etc., and very nearly 
agree with the distribution actually occurring (see table 
above). Tht' expectations, as far as families of 7 children 
are concerned, are shown on the last lines but one in the 
above results. The actual masculinity, over all, is shown 
in the final lint', but often depends upon very small num­
bers. It will be seen that in cabeS of families of 2 to 10 
the masculinity is always less than in familiel:! of 1 child. 
The numbers of the families of various sizes, however, are 
not large enough to allow great weight to be attached to 
the result, and for the larger families the numbers are 
very small. Tht' number of the families are shown in 
brackets and the males and females in each are as follow, 
the males being the first of each patr"of numbers:-
Family •.•• 
Mal ... aDd 

1 (1280) 2 (11128) 8 (1161) 4 (690) Ii (288) 6 (208) 

Females •• 672,608 1612,11142 1726,1728 1408,1851 763,882 683,685 
Family 7 (98) 8 (46) 
Mal .. aDd 

9 (2'1) 10 (14) 11 (1) 12 (1) 

Female. ,. 883,868 180,180 128,111 611, '11 7,4 2,10 

8. The dec'rcase in the numbers of cases.-The progres-
sion of the numb('rs of the families of various numbers of 
issue follows no &imple law. In the "Who's Who" fami­
lie!., from 3 onwards to 10, ('ach number is roughly of the 
order of on(>-half of th(> one preceding: this shows the rate 
of diminution with the class of persons con .. idered, but has 
no general significance. 

Although the number of cases are rather small, being 
only 5333 families in all, they indicate that, on the whole, 
the mabculinity (duly weighted) diminishes initially with 
increa~e in the size of family, but that afterwards it is 
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osoillatory. This, perhaps, jg best seen by basing the mas­
culinity on the totals for families 1 to n. Thus :-
PamIl... . .. 1 I-I 1-8 1... 1-6 1-8 1-7 1-8 1-9 1-10 1-11 I-II 
Jiuoulfnity •• 600 79 40 " 116 '74 66 54 66 68 611 69 

It ought to be noted, however, that these "families" are 
not the total issue: in the Australian results given earlier 
they are. There is a difference in the Australian results 
for the living isc;ue, and therefore probably also in the 
issues recorded in "Who's Who." So far as they can 
be taken to have any real significance, they show that the 
masculinity diminishes as far as families of l .... ne threE' (see 
Section 10 hereinafter). 

9. Parkes' Peerage results.-Qnite recently A. S. Parkes 
discussed the sex-ratio of Peerage families of from 2 to 8, 
but there werc only 1179 families in all.· He obbtinl'd 
the number of males per 10,000 of both &exP"I combined 
shown in the table hereunder ("lee his Table II., p. 211). 
From these the masculinity ih given in the next lower line 
per 10,000. 
Sise of F.mll,. . • • • • • 2 
)I.lee per 10,000 Chlldreu.. 7081 
)lucullnlt7 • • • • • • • 4162 
Calculated mucullult7 •• •• 4162 

8 4 
6220 6622 
2440 1244 
2607 1264 

Ii 
6298 
697 
408 

6 
11481 
862 

7 8 
6186 48'6 
870 -810 

These can be roughly reprE'sented as far as families of 5 by 
(M - F)/(M+F) = 8678 - 2660n + 201 n2• 

the masculinity being taken as the ratio of the dlfference 
of the males and females to their sum and n being the 
number of childre:p. in thE' family. This expression, how­
ever, quite fails beyond 5. For familie~ of 6 to S, the 
masculinity is sensibly 4425 - 586 ll, which gives 909, 323 
and - 263 instead of.862, 370 and -- 810, but it is quite 
wrong for the earlier number.. Besults such as these 
depending upon so small a total number of families as 1179 
are of very little value. The Australian results, based upon 

- ....".... .... - ----- -- -----
• Frequencies ot S~.mbinations in Human Families by A.. 

S. Parkes, B.A., Ph.D., .genics Review, Oct. 1924, pp, 211-216. 
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about 81.375 families, are better adopted to reveal the 
nature of the general law of diminution of masculinity 
with increase of family, if such a law exists. 

An examination of the results clearly suggests that re­
cords for, say, 10 years instead of 3 are to be desired, and 
that it would be well if these were computed separately 
(a) from the families where the father has died, and (b) 
from families where the mother has died. It would also< 
be well to compare the masculinities computed from the 
living issue, and from the deceased issue. Owing to the 
inclusion in the latter of so many lives of very short dura­
tion, where the danger of death in the case of males is 
sensibly greater than that in the case of females, a syste­
matic difference is to be expected. This will now be con­
sidered. 

10. Difference of masculinity of living and deceased 
issue.-It is somewhat remarkable that the records of de­
ceased issue in Australia differ very markedly in mascu­
linity from the records of the liviniiissue, the registration 
of the fact being taken at the deaths of married mdle and 
married female parents. 'I'hey are as follow:-
J'amUiII of Livlq-Isau.. Dace .. ed. Masculinities per 10,000. 

M. F. M. F. LIving. (Calc.) DeceuecL All. 
1 8776 8668 !I'll 441 808 804 1608 '118 
2 79111 7706 1487 1012 1811 118 1887 888 
8 11701 11280 1'62 1846 180 148 1410 878 
4 14564 1427' 86119 2668 101 80 1629 877 
6 16174 18086 41191 8606 27 28 1208 166 
f 17722 17987 6448 '180 -103 -18 1812 2'" 
7 18896 18678 6110 '677 + 85 --42 18118 868 
II 19026 19266 8660 6184 -68 -60 1106 181 
9 17751 179118 8418 '946 -88 -67 1298 160 

Thus, with the exception of families of six children, the 
living issue exhibits a diminution in masculinity through­
I)ut, The masculinities for the living issue are, roughly, 
about as given by the following formula, viz.:-

(M-F)j(M + F) =401!--103 nr+ 5f n~ 
and the results by this formula are shown under the word 
"(Calc.) ". No .simple curve will represent exactly the-
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.actual results. The masculinity of the deceased issue i. 
more variable, but as the numbers in the family increase, 
the decrease is not so definite. The means of each three, 
however, are 

1535, 1575, 1414, 1381, 1281, 1248, 1242, 
and show that, on the whole, the decrease is fairly marked. 

11. Ccmelusiom.-The facts considered in all their bear­
ings indicate the following:-

(a) That on the average large families will contain 
relatively more females than small families, but that 
this rebult is more definite for families of 1 to 6, 
after which possibly the masculinity is less well 
marked. 

(b) That multiple-births markedly contribute to this, 
but are relatively so small in number that they 
quantitatively affect the ge:Qeral result but slightly. 

(c) That a more extensive study is a desideratum. 

(d) That the study &hould embrace separately the living 
issue, the deceased issue, and both combined. 

(e) That it would be well albo to compute the results 
from male-parent records and female-parent records 
separately, as well as in combination. 

(f) That the definitive law can be expected to appear 
only when very large numbers of cases are studied. 

(g) That consequently the possibility of a secular 
change with time can not yet be studied as it can 
with masculinity in general. 

(h) That, finally,' apparently the question deserves 
systematic study on a more extensive scale as offer­
ing an important contribution to a knowledge of the 
phenomena of sex-ratios in human reproduction. 
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MOLECULAR SOLUTION VOLUMES AND 
ASSOCIATION. 

By G. J. BURROWS, B.Sc., and A. E. JAMES, B.Sc. 

{R.oo blftwl the Royal Society of New South Wall", Selt. 2,1925.} 

In a previous communication (this Journal, vol. lvii., 
118) results were given for the molecular solution volumes 
-of various solutes in ethyl alcohol. It was there shown 
that in the case of a non.associated solute the difference 
between the observed molE'cular solution volume ~ in 
alcohol and the volume ~ nA calculated from the atomic 
volumes was approximately constant, and equal to about 
20 c.c. per gram molecule of holute (in dilute solution). 
In the case of associated solute~, however, this diffnence 
was invariably less than 20 c.c., the variation depending 
on the degree of association. 

This investigation has since been extended to a study of 
solution volumes in methyl alcohol and acetone which, like 
-ethyl alcohol, have comparatively high dielectric constants. 
It has been found that solutions in these liquids give results 
similar to those obtained with ethyl alcohol. In addition, 
solutions of certain of the same solutes in benzene and 
toluene have been examined. In the latter solvents, which 
are liquiJs of low dielectric constants and in which the 
tendency is for solutes to dissolve without decrease in 
molecular complexity, it was expected that the marked 
variations in volume-change observed in the' case of ethyl 
.alBohol iIOlutioDi would vanish. Such has been found to 
Qe the 08le. 
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The results obtained for the molecular solution volumes. 
in the variolls solvents, including those already published 
for solutions in ethyl alcohol, are summarised in the follow­
ing table. The figures in the second column under M. V. 
are the valuE's of the molecular volumes in the liquid state, 
calculated from their densities at 30· or extrapolated from 
values at higher temperatures; those in the third column 
under ~ nA are the molecular solution volumes calculated 
from the atomic volumes adduced by Traube from results 
obtained for aqueous solutions. As stated in the previous 
communication there is no reason to suppose that these 
values are dependent on the solvent. The experimental 
values of the molecular solution volumes are given under 
c/I; they were calculated by means of the usual equation 

c/I == gtm -1, in which g is the weight of solvent 

containing the molecular 'Weight m in grams of the solute, 
and do and ch are the densities of the solvent and solution 
respectively. 

Etb71 lIleth71 
Solute IIl.V. ~.nA. alcohol. alcohol. Acetone. Benselle. Tolna_ 

Bromobensene, 108 0 80 0 108.0 104 8 108.0 106.7 10&.0 
Chlorobensene, 1011.0 80 0 100.0 101 6 101.6 lOll.. 1011.0 
Toluene, 107.0 86.0 1088 107.0 107.& 108.0 
Anlline. 91.7 74 6 86.11 85 6 86 8 90.8 91.6 
l'iitrobensene, 1011.0 78.0 98.& 99 8 99.0 101.0 
.. Nltrophenol, 106.0 80 0 100.0 
#-Nltrophenol, 108.0 80 0 9&.0 
#-Nlll'anlime, 811.11 911.& 
_Nlll'anilme, 108.0 88.6 98.8 118.7 94.0 
#-Clloranlilne, 108. II 811. 0 911. 0 
#-Bromanillne, 8&.0 100.0 
#-Toluldlne, 109.0 90.. 100.4 102.11 1011.0 108.8 lOll 0-
o-NltrotoIUCDe, 118.9 96.0 114.0 

~=ide,l1~' '1~::: ~:.: 180.0 1119.0 
BeDlIene. 90.. '1'0.0 89 9 90.2 90.0 

In several cases, owing to the very limited solubility of the 
solute in benzene.-.nd toluene, values for c/I in these liquids 
could not be obt.ned. Of the solutes used in this work , 
p.toluidine, p.nitrophenol, aniline and the substituted ani-



lines are known to be associated; the other solutes are 
generally considered to be non-associated. From the above 
table it will be noticed that: 

<a) In every case the molecular solution volume of a 
solute is greater in toluene or benzene than in the 
alcohols or acetone. This is in agreement with the 
observations of various investigators in this field, 
that molecular solution volumes are greatest in non­
associated liquids (i.e., liquids of low dielectric con­
stant). 

(b) The molecular solution volumes in benzene and 
toluene are in close agreement with the molecular 
volumes of the solutes in the liquid condition at the 
temperature of the experiment. This would indicate 
that, within the limits of concentration considered 
in this investigation, a solute dissolves in a non­
asftociated solvent without change of volume, irre­
spectivl.' of whether the solute tr'associated or not. 

(c) The value of 4> for a non-associated solute in ethyl 
alcohol, methyl alcohol or acetone is not very differ­
ent from the value of the molecular volume of the 
liquid solute. The solution volumes in these cases 
are generally slightly lower than the corresponding 
volumes in benzene or toluene. 

(d) In the case of associated solutes such as aniline and 
p-toluidine there is a marked difference between the 
molecular volume of the liquid solute and its solu­
tion volume in acetone or the alcohols. 

These results indicate that the co-volume of any solute 
varies with the nature of the solvent, having a maximum 
value when dissolved in a solvent of low dielectric con­
stant. The variation is small in the case of a non-&ssociated 
solute, but considerable in the case of an associated solute. 

O-lept. 2. Ina 
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'rhus benzene dissolve: in either toluene or methyl alcohol 
without any very marked change in volume, but when 
.aniline or p-toluidine is dissolved in acetone or alcohol 
there is a marked contraction, although when dissolved in 
benzene or toluene there is no change, as shown by the 
-close agreement between the values of the molecular solu­
tion volumes in these bolvents and the molecular volume 
.of the liquid solute. 

Expenmental. 
In the following tables are given the observed densities 

(dt) of solutIOns of the varIOUS solutes in methyl alcohol, 
.acetone, benzene, and toluene, together wlth (rp) the mole­
cular solution volumes calculated from the .. e values. The 
.concentrations of the dlfferent solutions are gIven under 
A as grams of solute per 100 grams of solvent. 

A 
Bromobenzene in methyl alcohol (do = 0.78280), 

6.7910 0.80749 104:.0 
15.0797 0.83;)21 104.5 

Bromobenzene in acetone (do = 0.77995), 
9.9753 0.81626 102.6 

11.6092 0.82161 103.2 
Bromobenzene in benzene (do = 0.86657), 

10.8072 0.90324 105.7 
13.6916 0.91231 105.8 

Bromobenzene :ip. toluene (do = 0.85148), 
9.2384 0.88368 104.9 

10.2684 0.88695 105.1 
Chlorobenzene in ~ethyl alcohol, 

3.5458 
8.9509 

14.6778 
ClUorobenzene in acetone, 

8.2712 
8.5301 

0.79299 
0.80215 
0.81346 

0.79819 
0.79842 

100.5 
101.5 
101.4 

101.3 
101.7 
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A 
ChloroblJnzene in benzene, 

d1 q, 

5.3992 0.87604 102.5 
9.6520 0.88277 102.7 

Chlorobenzene in toluene, 
8.5333 0.86683 102.4 

10.6487 0.87044 102.3 
'roluene in methyl alcohol, 

5.4581 0.78649 106.9 
8.3644 0.78807 107.2 

12.8551 0.79074 ]07.2 

'Toluene in acetone, 
5.5188 0.78443 107.5 
5.6279 0.78453 107.4 
6.5662 0.78;)07 107.6 

Toluene in benzene, 
8.0842 0.86536 108.2 
8.7170 0.86536 108.0 

Aniline in methyl alcohol, 
7.3153 0.79822 85.2 
9.1012 0.80159 85.3 

15.6790"" 0.81335 85.9 
AnilinE' in acetone, 

7.2571 0.79626 85.0 
7.4128 0.79629 85.6 
8.0410 0.79769 85.3 

Aniline in benzene, 
7.5090 0.87597 90.8 

12.6083 0.88177 90.8 
Aniline in toluene, 

4.8119 0.85781 91.7 
11.8179 0.86635 91.5 

Nitrobenzene in methyl alcohol, 
11.5470 0.81355 99.7 
12.1046 0.814~9 99.8 

Nitrobenzene in acetone, 
9.9403 0.80813 98.7 

11.0266 0.81708 98.9 

Nitrobenzene in toluene, 
6.8044 0.86800 101.3 

10.4014 0.87609 101.4 
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A dt • .. Nitraniline in methyl alcohol, 
2.2542 0.79047 98.1 
8.2622 0.79884 98.1 

m-Nitraniline in acetone, 
0.6571 0.78822 98.0 
1.3828 0.78564 94.0 
1.5888 0.78660 93.4r 
8.7476 0.79337 94.1 

p-Toluidine in methyl alcohol, 
4.8985 0.79219 102.0 
8.8669 0.79924 102.2' 

13.1992 0.80637 102.4 
p-Toluidine in acetone, 

2.4042 0.78583 101.6' 
5.7413 0.79093 102.2' 

,,-Toluidine in benzene, 
3.$196 0.87008 108.8 
7.1865 0.87360 108.1 

p-Toluidine in toluene, 
6.9860 0.85895 109.() 
9.5332 0.86145 109.()o 

p-Chloracetanilide in methyl alcohol, 
3.5494 0.79374 129.5 
4.9551 0.79777 130.4 

p-Chloracetanilide in acetone, 
3.3159 0.79026 129.0 
3.9403 0.79220 128.1 

Benzene in methyl alcohol, 
7.7337 0.78837 89.90 
9.6253 0.78969 89.8 

11.6106 0.79096 89.8 
Benzene in acetone; 

5.4059 0.78392 90.2' 
6.3747 0.78464 90.2' 
6.7409 0.78484 90.2' 

Benzene in toluene, 
7.0850 0.85237 90.8 

11.0594 0.85276 90.8 
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One of us is indebted to the McCaughey Research Fund 
Committee for a grant to defray the expense incurred in 

this investigation. 

'rhe Chemical Laboratory, 
University of Sydney. 
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ACACIA SEEDLINGS, PART XI. 

By R. H. CAlIBAGE, C.B.E., I'.L.S. 

[With Plate, lV. • VIII.] 

-{Rlad blfor, the Royal Soc"'y uf N. S. Walls, Octobe, 1, 1925,J 

SYNOPSIS: 
NOCTURNAL MOVEMENT 01' EARLY LEAVBS. 
CLOSING UP 01' OOTYLEDONS AT NIGliT. 

DESCRIPTION 01' SEEDLINGS. 

Noctamal Movement of Early Leavee. 
The closing up at night and re-opening in the morning 

of leaft.ets on plants of the Family Leguminosre, which 
incllldes the genus Acacia, is a matter of world-wide 
knowledge, but in previouh paperl of this series it has been 
pointed out that the phyllocies or modified leaf axes of 
certain Acacias also respond to changes from hght to 
darkness, and, as evening approaches, close up towards 
the stem.· (Plate IV., FlgS. 3 and 4.) 

A popular expression used to describe the practice of 
a leaf in nightly closing up its leaftets is that the leaf 
goes to sleep. From observations made during last summer 
it has now been found that the early leaves of many 
species of Acacia, prObably all, not only go to sleep, but 
it may also be said that they first go to bed and then to 
sleep. 

The observations disclose that as the afterlloon advances, 
the first to perhaps the tenth leaves of many Acacia 
seedlings gradually develop a downward movement 
radiating from the point of contact with the stem. This 
motion continues until the terminal portion of the leaf 

... This Journ. Vol. LV. 106 (1921), and Vol. LVI. 181 (1922). 
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it reating on the ground, while the Ieaftets are still spread 
open, and all of this takes place before sundown. After 
this, the leaftets.gradually close up in pairs, and the leaves 
lie there till morning, when the leaftets again unfold and 
the leaves slowly resume their daily position, usually 
teaching their maximum height somewhere between 8.30 
and 10 a.m., according to the sunlight available. (Plate 
IV., Figs. 1 and 2.) 

This movement is more accentuated, and its amplitude 
or extent greater in the summer, especially on sunny 
days, than in the winter. The motive for this sinking 
down of the early leaves, and also of the closing up of 
tht' leaftets, is probably similar in both cases, and may be 
a natural prOVIsion for sheltering and protecting the­
delicate IE'ailets, as wen as the tender and somewhat fragile 
young leaves. Obviously it is the lowest leaf which has 
the greateht proportion of its under surface resting on 
the ground when the leaves are c1'tpressed, the amount 
which comer, In contact with the soil diminishing with each 
leaf in an ascending scale, until, in some plants the 
termInal pomt only, of perhaps a number seven leaf, will 
touch thE' earth, whIle number eight may Just fail to 
reach it. 

The feature is not confined to the genus AcacUl, for 
leaves of M,mosa pudica, a Sensitive plant, were observed 
to act in a SImilar manner, and furthermore, it is well 
known that tIlature leaves and branchleh of this and other 
specie& of MimOl,a, when touched at any time in the day, 
will at once eollapse and sink down. 

So great may be the amplitude of the movement of the 
leaf that in the case of one species of Acacui from Western 
Australia it was found to be 8.5 cm. for a number five 
leaf of the same length. 



• . .•. ~. 
JfHltWe 01 Poree.-In view of the evidenee of force 

or Itreqth exerted by the young lea"'. in their eiforta 
to aeeommodate themselves to the changing conditiORS of 
light and darkness, it was decided to secure some measure 
of such strength. Small loops of copper wire of kno.n 
.. tight were placed on the end of the petiole at the base of 
the apical pair of pinne, and the height measured to 
which the terminal point of the leaf was carried. With 
a weight of 0.2276 grams, or 3.5124 grains placed at 
6 em. from the base of an Acacia leaf 8 em. long, the 
terminal point of the leaf in one case was carried 
upwards 6.5 cm., or just over two and a half inches. 

In the following table giving records of some of the 
leaf movements, the plants shown as species Nos. 2 and 5 
were raised from seeds collected in the Gascoyne River 
district, 'Western Australia, by Mr. E. C. Andrews, and 
have not yet been identified. TJley belong to the section 
Uninerv88, and somewhat resemble seedlings of Acacia 
Ialicma, while they show affinities with A. sC'lef'ospenna. 

Extent of E:llteu' of Weicht m 
Name of No of Lenath ...eDIth of Greatest terminal terminal p&IIIII. -- leaf. of leaf petaole. Width of' m_ent mov_t \~ If = 

• petiole. Without with 15'81" 
wel8ht. wellrht. Ifalos) 

.Acacia 
trineurtJ 6 6.7cm.5cm. 7mm. 4.5cm. 0.1594 

do \ 7 6cm. 4.3cm. 5.5mm. 4.5cm. 0.0762 
do 7 6.5cm. 5.5cm. 9mm. 6.5cm. 0.1076 
do 5 4em. 2.4cm.1mm. 4.5cm. 2.7cm. 0.1200 

Sp. No.2 5 8em. 5,Scm.3mm. 5cm. 0.1650 
do 6 7.5cm.6cm. 3.5mm. -- 6cm. 0.1808 
do 7 8cm. 6cm. 4:tnm.. Bcm. 6.5cm. 0.2276 

Sp. No.5 4 9cm. 6cm. 3mm. 1.5cm. 0.1808 
do 5 8.OOm. 6cm. 2.5mm. S.Scm. Scm. 0.1650 
do 6 B.5cm.. 6cm. 3mm. 6cm. 4cm. 0.1594 
do 5 Scm. 6cm. 2mm. 3cm. 0.1200 
do 9 11em. 9cm. 3.2mm. 4cm. 0.1200 

~ftCinM , 12cm. -- 1.5mm. 5.5cm. 0.2276 
do f 120m. -- 1.5mm. 3cm. 0.3320 

Mtmosa 
pudic(J , 4.5cm. 3.7cm. 1.2mm.5.2cm. 4.2om. 0.3320 

, 
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CW... Up of Coty.edOllll at NI,ht. 

In addition to the closing up of leaflets and phyllodes 
.at night, it has recently been noticed that the same habit 
c:tends to the cotyledons of a few species, but so far it 
has been observed only in the case of species which have 
large fleshy petiolate cotyledons. 

Acacia. .li'arnesiana.-The terminal points of cotyledons 
were 2.60 em. apart in th(' forenoon, and 2.10cm. at night. 

A. BidwiUi.-The terminal points of four pairs of 
-cotyledons gave the following measurements, forenoon and 
night respectIvely :-( a) 2.2cm., 1.26m.; (b) 2.Bcm., 2.5cm. ; 
(c) 2.5cm., 1.Bcm.; (d) 3cm., 2cm., the latter showing the 
-eombined movement of the two cotyledons to be 1cm. 

Deaeription of SeMUn, •• 
PUNGENTES-(Plurinerves). 

ACAC'IA PUlIULA, Maiden and Baker.· Seeds from 
Wentworth Falls, New South Waies (A. A. Hamilton), 
(Plate V., Numbers 1 to 3). 

Seeds brownish-grey, oblong, about 4 mm. long, 2 mm. 
broad, 1.5 mm. thick. 

Hypocotyl terete, reddish-green to brown and browllish­
red, swelling mto root, 1 to 2.3 cm. long, 2 to 2.3 mm. 
thick at base, 0.8 to 1.5 mm. at apex. 

Cotyledons sessile, auricled, oblong, apex rounded, 5 mm. 
long, 2.2 to 2.5 mm. broad, upperside dark green, underside 
reddish-brown, sometimes with one or two raised lines, 
becoming horizontal in a few days. 

Stem terete, green, hirsute to pubescent. First internode 
0.5 mm.; second ,to fifth 0.5 to 1 mm., sixth to eighth 1 • 
to 2 mm.; ninth to tenth 2 to 7 mm. 

• Proc. Linn. Soc. N.S.Wales, Vol. XX., 386 (1896). 
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Leavell-No.1. Abruptly pinnate, petiole about 4 mm.,. 
glabrous to pilose; leafiets two pairs, oblong, shortly 
mucronate, apical pair often obovate, 5 to 8 1JUIl. long, 
2.5 to 3.5 mm. broad, upperside green, underside pale 
green; rachis 3 to 5 mm., with terminal seta; stipules small, 
acuminate. 

No.2. Abruptly bipinnate, petiole 4 to 6 mm., upperside 
sometimes channelled, with terminal seta; leatiets two pairs, 
the basal pair oblong-acuminate, the apical pair obovate, 
mucronate, 2 to 4 mm. long, 1.5 to 3 mm. broad; rachis 4 
to 6 mm., with terminal seta. 

Nos. 3 to 5. Abruptly bipinnate, petiole 6 mm. to 1.2 
cm., glabrous to pilose; leaflets two pairs; rachis 4 to 8 
mm.; stipules acuminate, 1 mm. 

Nos. 6 to 9. Abruptly bipinnate, petiole 9 mm. to 2.2 
cm., dilated up to 1 mm. broad, glabrous to pilose; leafiets 
two to three pairs, the apical pair obovate; rachis 7 mm. 
to 1 em. 

Nos. 10 to 12. These may be phyUodes, or abruptly 
bipinnate, petiole 3..2 to 2.3 em., dilated up to from 1 
to 2.5 mm. broad, with two or three strong nerveh, pilose; 
leafiets two to three pairs, margins sometimeh ciliate; 
rachis 5 to 9 mm.; stipules 1.5 mm. 

Nos. 13 to 18. Linear or lanceolate rigid pungent 
pointed, slightly. falcate phyllodes, 1.3 to 2.5 em. long, 
2 to 3 mm. broad, with three strong longitudinal nerves, 
the central ont' often the most prominent, sometimes with 
a much finer one between the central and lower veins, 
margins ciliate to hirsute. 

UNINERVES-{TrilDtJUlares) . 
ACACIA BIDENTATA Benth. Se. from Wongan Hills, 

Western Australia (W. M. Carne). (Plate V, Numbers 
4 to 6.) 



Seed, brownish-black to black, oblong-oval to obovate, 
2.5 to 3 mm. long, 1.5 to 2 mm. broad, about 1 mm. thick. 

Hypocotyl terete, reddish-brown above soil, 1 to 1.6 cm. 
long, 1.5 mm. thick at base, about 0.7 mm. thick at apex. 

Cotyledons sessile, oblong, apex rounded, 3 mm. long, 
1 mm. broad, upperside and underside yellowish-brown, 
with several raised longitudinal lines, remaining erect and 
falling in a few days. 

Stem at first slightly angular, becoming terete, greyish­
green, hirbute to pubescent. First internode 0.5 mm.; 
second to thIrd 0.5 to 1 mm.; fourth to sixth 1 to 3 mm. ~ 
seventh to ninth 2 to 9 m.m. 

Leaves-No. 1. Abruptly pinnate, forming an opposite­
pair (m one instance only a hingle leaf appeared), petiole-
2 to 3 mm., glabrous; leaflets two pairs, oblong-acuminate, 
3 to 4 mm. long, 1 to 2 mm. broad, upperside green, 
undersIde paler; rachis 1 to 2 mm.,~ith terminal seta; 
stipules bmall. 

No.2. A.bruptly bIpinnate, petiole 3 to 5 mm., glabrous 
to pIlose, with terminal seta; leaflets two to three paIrs, 
oblong, hhortly acuminate, apical pair usually obovate, 2 
to 3 mm. long, 1 to 2 mm. broad, upperside green; rachis 
3 to 4 mm., with terminal beta. 

Nos. 3 and 4. Abruptly bipinnate, petiole 6 mm. to 1.5 
cm. with a btrong nerve along the lower margin in the 
case of No.4; leafletH three to four pairs; rachis 4 to 8 mm. 

Nos. 5 and 6. No.6 may be a phyllode, or both may be­
abruptly bipinnate, petiole 1.3 to 2 cm., 2 to 5 mm. broad, 
with a main nerve along or close to the lower margin, and 
a second finer one extending for some distahce above, the 
dilatatIOn being almost wholly above the strong vein, 
glabrous to pilose; leaflets three to four pairs, up to 5 and 
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• _. lcmg, 2.5 mm. broad, the terminal pair obovate J 

rachis 7 mm. to 1.3 em.; Btipules 1 mm., acuminate. 

Nos. 7 to 10. ~o. 7 may be bipinnate, or all may be 
irregularly obovate to cuneate phyllodes, 1.5 to 2 cm. lon,r, 
6 mm. to 1 em. broad, venation very similar to that of 
the petiole of No.6, the upper portion usually protruding 
beyond the point of the main nerve, the margin sinuate 
with the appearance of having been eaten into by some 
insect. 

UNINERVES- (Brevifohll!). 
ACACIA OBLIQUA A. Cunn. Seeds from Cas'ulis, New South 

Wales (W. H. ('uIlen). (Plate V, Numbers 7 to 9.) 

Seed, black, irregularly oval to oblong-oval, 3 to 4 mm. 
long, about 2 mm. broad. 1 to 1.5 mm. thick. 

Hypocotyl terete, greemsh-bro:JVn above soIl, 1.3 to 2 cm. 
long, about 2 mm. thIck at base, 1 mm. at apex. 

CotyledOM selSSIle, oval-oblong to oblong, very slightly 
aurieled, 5 to 6 mm. long, 3 mm. broad, upperside 'green, 
underside pale green, with raised line along centre. 

Stem at first angular, becoming terete, green, pilose to 
hirsute. First internode 0.5 mm.; second 1 to 3 Mm. ; third 
and fourth 2 to 6 mm.; fifth to seventh 3 to 6 mm.; 
eighth to twelfth 2 to 7 mm. 

Leaves-No.1. Abruptly pinnate, petiole 3 to 4 mm., 
green, glabrous; leafl~ts two paIrs, the basal pair oblong­
aouminate or sOmetimes obovate, the apical pair obovate, 
4 to 5 mm. long, 2 to 3 mm. broad, midrib dIstinct on 
under'iide, upperside green, undersIde paler; rachIS 2 to 
'3 mm., with terminal seta j stipules minute. 

No.2. Abruptly bipinnate, petiole 5 to 6 mm., green, 
glabrous, with terminal seta; leaflets t'Wo to three pairs, 
ohovate, the basal pair sometimes oblong-acuminate, 3 to 
4 mm. long, 1.5 to 3 mm. broad, upperside green j rachis 
4: to 5 rom., with terminal seta. 
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Noe. 3 to 6. Abruptly bipinnate, petiole 3 to 6 mm.; 
leailets two to fo\l'l' pairs; rachis 4 to 8 m.m.; stipules :Bat 
acuminate scales, 1 mm. long. 

Nos. 7 to 10. Abruptly bipinnate, petiole 5 to 8 mm., 
No. 10 sometimes dilated to 1 mm. broad, with a strong 
nerve along the lower margin, pilose to hirsute; leallets 
four to five pairs, chielly obovate, the basal pair often very 
small, margins sometimes ciliate; rachis 2 to 7 mm. 

Nos. 11 to 14. These may be phyllodes, or abruptly 
bipinnate, petiole 7 to 8 mm. long, dilated up to 2 mm. 
broad, with a prominent vein along or near the lower 
margin, the lamina on the upper side in some cases extend­
ing beyond the terminal seta, sometimes as much as 2 mm., 
but in any such case one pinna may be missing, although 
the terminal seta is present; leaflets four to five pairs;. 
rachis 6 to 8 mm. 

Nos. 15 to 20. Obliquely obovate phyllodes, 5 Mm. to 
about 1 cm. long, about 3 mm. broad, with a fairly con­
spicuous midrIb below the centre, and a shorter secondary 
very mdefiDlte nerve above dIvergIng from the base, the 
midrib terminating in a small recurved pomt beyond 
which the upper portion of the lamina often extends. 

U NINERVES-(RacemoSle). 

ACACIA BETINODES Schlecht. Seeds from Mount Lofty, 
Adelaide (E. H. Ising). (Plate VI, Numbers 4 to 6.) 

Seeds black, oblong, 4 to 5 Mm. long, 1.7 to 2.5 mm. 
broad, 1 to 1.5 mm. thIck. 

Hypocotyl terete, pale green above soil, 8 mm. to 1.6 cm. 
long, about 1.5 mm. thick at base, 1 mm. at apex . • 

Cot1ll.dOM sessile, oblong, apex rounded, 5 mm. long, 
2.5 mm. broad, upperside green, underside pale green~ 

with one or two raised lines. 
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Stem at first angular, becoming terete, green, glabrous. 
First internode 0.5 mm. j second to third 1 to 2 mm. j fourth 
to sixth 3 to 5 mm. j seventh to ninth 2 mm. to 2.8 cm. 

Lea ves-No. 1. Abruptly pinnate, petiole 2 to 3 mm., 
green, glabrous; leaflets three to four pairs, oblong­
acuminate, 4 to 5 mm. long, 1 to 2 mm. broad, upperside 
green, underside paler; rachis 3 to 5 mm., with terminal 
seta. 

No.2. Abruptly blpinnate, petiole 5 to 7 mm., with 
terminal seta, leaflet'! three to four pair'!, oblong-a~ummatp, 
the apical pair &ometimes obovatp, 3 to I; mm. long, 1 to 
2 mm. broad; rachis 5 to 7 mm., with terminal seta. 

Nos. 3 to 5. Abruptly bipinnate, petiolc 6 mm. to 2 ~m. ; 
leaflet'! three to six pairc;, rachIs 8 mm. to 1.6 cm. 

Nos. 6 to 8. No.8 may be a phyllone, or all may be 
.abruptly bIpmnate, sometImps wIth two paIr"! of pinnm, 
petiole 1.7 to 3 cm., with a strong nerve along the lower 
margin, sometimes dilated to 2.5 mm. broad and wIth a 
small gland in the ca~e of No.8; lpaflet~ SIX 10 nme pairs, 
up to 9 mm. long; rachis 1.9 to 3.1 cm.; '!tIpule.. flat, 
acuminate, up to 1.5 mm. 

Nos. 9 to 12. Linear-Ianceolate, prominently I-nerved 
phyllodes, much narrowed towards the base, decurrent on 
the stem, with, purple tips, becoming green. 

UNINERvEs-(Racemosm) • 

ACACIA GLADIIFORMIS A. ('unn. "Sword Wattle". Seeds 
from Cassilis; New South Wales (W. n. Cullen). 
(Plate VI, Numbers 1 to 3.) 

Seeds jet-black, oblong to oblong-obovate, about 5 mm. 
101l8', 3 to 3.5 mm. broad, 1.5 mm. thick. 

Hypocotyl terete, brownish-red above soil, 2 to 3 em. 
10~, about 2 mm. thick at base, 1 mm. at apex. , 
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Cotyledons sessile, auricled, oblong, apex rounded, 6 to 
''1 mm. long, 3 mm. broad, upperside reddish-green, under­
side red, with three raiRed longitudinal lines, soon becom­
ing revolute and cylindrical. 

Stem at first angular, becoming tl"r('te, grt'cn to browni .. h­
green, glabrous. First internode 0.5 mm.; second 0.5 to 1 
mm.; third 1 to 2 mm.; fourth 2 to 5 mm.; fifth and sixth 
2 mm. to 1 cm.; seventh to ninth 4 mm. to 1.6 em. 

Leaves-No.1. Abruptly pinnatE', petiole 3 to 4 mm., 
often with gland on upper margin, glabrom.; It'afletE. three 
to four pairs, oblong-acuminate, 5 mm. to 1 cm. long, 2 to 
3 mm. broad, upperside often at first reddio;h-green, 
becoming greE'n, underRide red; rachis 1) mm. to 1 cm., 
with terminal fleta. 

No.2. Abruptly bipinnate, petiole 7 mm. to 1.1 em., 
usually with gland, glabrou .. , with terminal "eta; leaflets 
three to four pairs oblong-acuminate,..J;hc apical pair some­
times obovate, the basal pair often &mall, 2 to 9 mm. long, 
1 to 4 mm. broad, upperside green, underside red to red­
dish-brown; rachis 6 mm. to 1.4 em., glabrous, with 
terminal seta; btlpules hmall, flat, acuminate. 

Nos_ 3 and 4. Abruptly bipinnate, petiole 1.5 to 4.4 
em., with gland; leaflets four to Dine pair&, sometime" up 
to 1.2 cm. long and 5 mm. broad, the apical pair obovate; 
rachis 1.4 to 4 cm. 

Nos. :> and 6. Abruptly bipinnate, &ometimes with two 
pairs of pinna>, gland on upper margin, with strong nerve 
along lower margin, No.6 may be dilated to 2 and some­
times 5 mm. broad; leaflets seven to thirteen pairs; rachis 
1.7 to 5 cm. 

Nos. 7 and 8. These may be phyllodes, or abruptly 
bipinnate, petiole 6.5 to 12.2 cm. long, sometimes up to 
:9 mm. broad in No.7, and 1.1 em. broad in No.8, with 
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the midrib along or very sliahtly below the "IU". ad 
a strong nerve along the margins, with a ,lan4 oa th" 
u.pper margm, or sometimes six glands on No. 8 i lede. 
seven to thirt~en pairs; rachis 2.5 to 4 em.; stipulei 1 mm.. 
long. 

Nos. 9 to 12. Lil1ear-lanceolate phyllodes, from about 
9 to 14 em. long, 5 PlID. to 1.5 cm. broad, much narrowed. 
towards the base, with a tenninal small hooked point, thcr 
midrib often slightly above the centrf' of the lamina as in 
the case of A. falcata and which is not a common oeClH'­
rence in early phyllodes,· the margins thickened, often 
with three to five glands; in one case No. 8 had six and 
a No. 10 had nine glands. Phyllodes above Nos. 10 or 12r 
and sometime'! earlier ones, curve upwards. 

UNINERVEB-(Racem08lll) • 

ACAOIA. SUBULATA Bonpl. Seeds from Warialda, New: 
South Wales (J. H. Maiden). (Plate VII, Numben 
1 to 3.) 

Seeds dull black, oblong, t~e smaller ones oblong-ov~ 
4 to 6 mm. long. 3 mm. b~oad, 1 to 1.5 mm. thick. 

H ypocotyl terete, browDlsh-green above the soli, 1.5 t«t 
2.5 cm. long, about 1.5 mm. thick at base, 1 mm. at apex. 

Cotyledons sessile, auricled, oblong, apex rounded, 6 mJru 
long, 3 mm. broad, upperside green, underside pale green, 
with a few raised lines. soon becoming horizontal and 
revolute. 

Stem at first angular, becominr terete, glabrous. Firsj 
internode 0.5 to 1 fnm.. ; second 1 to 3 mm. i third 2 to 8 mm..'J 
fourth to :fifth 4 mm. to 1.9 em.; sixth to ninth 8 mm.. 
to 2 cm. 

LefW68-No. 1. Abruptly pinnate, petiole 3 to 5 mDl., 
glabrous i leafiets three to five pairs, oblong-acuminate, 

• This Journ., Vol. Lo, 161 (1916). 
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a,ical pair often obovate, mucronate, 4 to 8 mm. long, 1 to 
4 Mm. broad, uppeJ;side green, underside pale green; rachis 
6 mm. to i.4 em., with terminal seta. 

No.2. Abruptly bipinnate, petiole 1 to 1.7 cm., with 
terminal seta; leaflets three to four pairs, oblong-acuminate. 
apieal pair obovate, mucronate, 2 to 7 mm. long, 1 to 4 
mm. broad, upperside green; rachis 6 mm. to 1.2 em., with 
terminal seta j stipules very small. 

Nos. 3 and 4. Abruptly bipinnate, petiole 1.4 to 4 em., 
sometimes with a gland on No.4; leaflets four to seven 
pairs; rachis 1.2 to 2.4 em. 

No.5. This may be a phyllode, or abruptly bipinnate, 
sometimes with two pairs of pinne, petiole 3.5 to 7 em., 
with a strong nerve along the lower margin, a gland on 
upper margin; leaflets seven to eight pairs j rachis 1.6 to 
2.5 em. 

NOli. 6 to 10. Very narrow linear phyllodes, 12 to 17 
em. long, 1 to 1.5 mm. broad, with a central nerve. 

J ULIFLOR&-(Faleatm). 
ACACIA SPABSIFLORA Maiden.· Seeds from Eidsvold, 

Queensland (Dr. T. L. Bancroft, per J. H. Maiden). 
(Plate VII, Numbers 4 to 6.) 

Seeds shiny black, oblong, about 5 mm. long, 2 mm. 
broad, about 1 mm. thick. 

Hypocotyl terete, green to greenish-brown and brownish­
red above soil, 2 to 3 em. long, 0.8 to 1 mm. thick at base, 
0.5 to 0.8 Mm. at apex. 

Cotyledons sessile, auricled, oblong, apex rounded, 6 to 
8 mm. lonr, 2 to 2.5 Mm. broad, upperside green, under­
side pale green. 

Stem at flrst angular, becoming terete, pilose to hirsute. 

• This Joum., Vol. LIlI., 221 (1919). 
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First internode 0.5 mm.; second 1 to 2 mm.; third and 
fourth 2 to 7 mm.; fifth to seventh 3 to 9 mm.; eighth 
to tenth 4 to 9 mm. 

Leat16s-No. 1. Abruptly pinnate, petiole 3 to 5 mm., 
glabrous or with a few scattered hairs; leaflets two pairs, 
5 to 8 mm. long, 2 to 4 mm. broad, oblong-acuminate to 
obovate, sometimes mucronate, upperside green, underside 
pale green to sometimes reddish-green; rachis 2 to 4 mm., 
with terminal seta. 

No.2. Abruptly bipinnate, petiole 6 mm. to 1 cm., with 
a few scattered hairs, terminal seta present; leaflets two 
to three pairs, oblong-acuminate to obovate, 2 to 4 mm. 
long, 1 to 2 mm. broad; ra~his 3 to 4 mm., with terminal 
.,ta; stipules small. 

Nos. 3 and 4. Abruptly bipinnate, petiole 1 to 1.9 cm., 
pilose to hirsute, dilated to 0.5 mm. broad; leaflets three 
to four pairs; rachis 3 mm. to 1 cm.; stipules up to 1.5 
mm., flat, acuminate. 

Nos. 5 and 6. Abruptly bipinnate, petlOle 1.5 to 3.2 em. 
long, up to 7 mm. broad, with a faIrly prominent nerve 
along or near the lower margin and several finer ones 
above, pilose, margins cIliate; leaflets three to five ~airs; 
rachis 7 mm. to 1.1 cm. 

Nos. 7 to ~o. Nos. 8 to 10 may be phyllodes, or all 
.abruptly bipinnate, petiole 1.6 to 4 cm. long, up to 7 mJ)l. 
broad, with a fairly prominent midrib near the centre 
of the lamina atld numerous finer veins on both sides of 
it, pilose, margins ciliate; leaflets four to five pairs; rachilt 
6 mm. to 1 em. 

Nos. 11 to 15. These may be phyllodes, 01 abruptly 
bipinnate, ,..._ up to 4.3 em. long, and up to 9 mm. 
broad, pilose; leaflets five pairs. 
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Nos. 16 to 20. Lanceolate phyllodes, narrowed at both 
.ends, often flexuoBe, 3 to 5 cm. long, up to 1 cm. broad, 
umally with a fairly prominent DE'rve along the centre, 
a second vein above, a little le~s prominent, and a third 
still less prominent hE'low the central nerve, the rest of 
the lamina closely striated with very fine parallel veins, 
pilose, the margins slightly ciliate. 

JUI,IFLORlE-(Falcatm) . 

..AoACIA RHODOXYLON Maiden. * Seeds from Eidsvold, 
Queensland (Dr. T. L. Bancroft, per J. H. Maiden). 
(Plate V, Numbers ]0 to ]2.) 

Seed.~ shiny black, oblong-oval to oval, about 3 to 4 mm. 
long, 2.5 mm. broad, 1 to 1.5 mm. thick. 

HypocotyZ creamy to pale brown, 1.5 to 2.5 cm. long, 
about 1.5 mm. thick at base, 0.8 to 1 mm. at apex, spreading 
into flange at root. 

CotyZedons seE.sile, aur)cled, oval-oblong, about 5 mm. 
long, 3 to 3.5 mm. broad, upperside greE'n, undersiot pale 
green. 

Stem at first angular, becommg terete, glabrous. :B'lrst 
internode 0.5 mm.; second 0.5 to 1 mm.; third and fourth 
1 to 2 mm. j fifth and s)xth 2 to ;) mm. j seventh and eIghth 
3 to 5 mm. 

Leaves-No.1. Abruptly plDnate, petIole 2 to 3 mm. j 

leaflets two, rarely three pairs, 3 to 6 mm. long, 1 to 2.5 
mm. broad, oblong-acuminate, the apical pair sometimes 
ebovate, upperside green, underside paler j rach)s 2 mm., 
with terminal seta. 

No.2. Abruptly bipinnate (in one instance this leaf 
was simply pinnate), petiole 2 to 5 mm., WIth terminal 
seta; leaflets two pairs, 2 to 5.mm. long, 1 t8 2 mm. broad, 
oblong-acuminate, upperside green j rachis 2 to 4 mm., 
with terminal seta. 
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Nos. 3 and 4. Abruptly bipinDate, petiole 4 JIlDl. in N~ 
8, to 1.7 em. in No. 4, dilated to 1 mD!,. broad in the .. 
of the latter, with a prominent veiD. along the lowel" 
margin and a few much finer ones above, glabrous; i~ 
two to three pairs; rachis 2 to 5 mm. 

Nos. 5 to 8. These may be oblong-Ianceolate, alightlT 
falcate phyllodes, narrowed at both mds, from about 2 to 
5 em. long, up to 7 mm. broad, finely striate with numeroui 
parallel veins, with the central nerve the most promineJl.t,. 
and sometimes one above and another below a little leas. 
conspicuous than the central vein. 

BIPINNAT&-(Botryocepha183) . 
ACACIA. DEALBATA. Link, "Silver Wattle". Seeds from. 

Cooma, New South Wales (J. H. Maiden). (Plate­
VIII, Numbers 1 to 3.) 

Seeds shiny black, oblong to obovate, 4 to 5 mm. IOD&-
2.5 to 3 mm. broad, about 1.5 mm. thick. 

H ypocotyl terete, pink to brownish-red above soil, 1 .• 
to 2.5 em. long, about 2 mm. thick at base, 1 mm. at apes.. 

'Ootyledons sessile, auricled, oblong, apex rounded, 5 to 
6 mm. long, 2 to 3 mm. broad, upperside green, underside 
reddish-brown, with one or two raised lines, soon becoming 
revolute and cylindrical. 

Stem at :first slilhtly angular, soon becoming terete, 
greenish-brown to reddish-brown, slightly hoary. First 
internode 0.5 to 1 mm. ; second 2 to 4 mm. ; third 4 to 7 mm.; 
fourth to sixth 5 mm. to 1.5 em.; seventh to ninth 1.2 te 
2.5 cm. 

Lecwe8-No. L Abruptly pinnate, petiole 2 tit 5 mm., 
green to greenish-brown ahd brownish-red, rarely with ... 
small gland; lea1lets four to five pairs, oblong-acum.blate 
to obovate, "~.7 mm. long, 1 to 2 mm. broad, llppersidct 
green, underside pale green to red; rachis 5 mm. to 1 em.,. 
with terminal seta. 
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AtJtIoia dealbata (1 - 3); .A.caoia Bidwilli 4 - 6). 
About Half Natural Size. 



'No.2. Abruptly bipinnate, petiole 4 to 8 mm., some­
times with gland, glabrous, with terminal seta; lea1lets 
ilve to ten pairs, oblong-acuminate to obovatE', 3 to 6 mm. 
loI'lg, 1 to 2 mm. broad, npperslde green; rachis 5 mm. to 
1.6 em., wit~ W,minal seta. 

I 

NOlI. 3 •• ",4 Abruptly biplnnate, often "Ith two pairs 
-qf pin.rue, eOmmon petiole 7 mm. to 1.9 em., often with 
gland, pilose; leaflets seven to fourteen pal1'~; rachis up 
to 1.8 em. 

Nos. 5 and 6. Abruptly bipinnate, with from two to 
four pairs of pinnre, common petiole 1.2 to 3.1 em., with 
a few scattered hairs, a gland below the base of each pair 
of pinnre; leaflets twelve to eighteen pairs, up to 6 mm. 
long, 1 to 1.5 mm. broad, oblong, shortly acuminate; rachis 
up to 3.6 cm. 

Nos. 7 and 8. Abruptly bipinnate, WIth from three to 
seven pairs of pinnre, common petwle 3 to 6 cm., leaflets 
twelve to twenty-seven pairs; rachis up to 3.8 em. 

Nos. 9 to 12. Abruptly bipinnate, with from four to 
ten pairs of pmrue, common petiole 3.5 to 6.4 em., a gland 
below the base of each paIr of pinnre but more dIstant 
from the basal pair, greenish-brown, hoary, with a minute 
'pubescence; leaflets nineteen to thirty-two paIrs, rachis 
up to 4.5 cm. 

A later leaf may have twenty-seven pairs of pmnre and 
forty-three pairs of leaflets, the leaflets being of an ashy 
grey colour, about 4 mm. long, 0.7 mm. broad. 

GUKIIIFERAlII • 

.A.CAOIA BmWILLI Benth. Seeds from Eidsvold, Queens-
~ 

land (Dr. T. L. 8pcroft, per J. H. Malden), Almaden 
and Georgetown, North Queensland. (Plate VIII, 
Numbers 4 to 6:) 

Seeds light brown, oval to almost orbicular, flat, 7 mm. 



.... ~ .. 
to 1.1 em. long, 6 mm. to 1 em. broad, about 2 mm. thiek,. 
areole distinct, 4.5 to 6 mm. long. 

H flPocot1ll terete, creamy to very pale green, 2.5 to "­
em. long, about 2 mm. thick at base, 1.3 to 1.8 at apa. 

Cotllled0'l'&8 petiolate, petiole 1.5 to 2 mm., deeply aur­
icled, lIesb.y, irregularly orbicular to almost square, 9 mm .. 
to 1.4 em. long, 8 mm. to 1.4 cm. broad, green on both 
sides. 

The cotyledons of this species may partly close up at 
night, reducing the distance apart of their terminals as. 
much as 1 cm. in some cases. 

Stem terete, green to il'eenish-brown, glabrous. First 
internode 0.5 to 4 mIn. j second 1 mm. to 1.4 em.; third. 
to fifth 3 to 6 mm.; sixth to eighth 4 to 6 mm. 

Leaves-No.1. Abruptly bipinnate, petiole 3 to 4 mm., 
glabrous; leaflets eight to twelve pairs, oblong-acuminate~ 
2 to 5 mm. long, 1 to 1.5 mm. broad, upperside greeD~ 
underside pale green j rachis 1 to 2.6 em., with terminal 
seta; stipules 1 mm. 

No.2. Abruptly bipinnate, petiole 5 to 8 mm., with 
terminal seta j leaflets eIght to twelve pairs, 2 to 4 mm. 
long, 1 mm. broad j rachis 1 to 2 cm., with terminal seta. 

No'll. 3 to 5. Abruptly bipinnate, usually with two pairs: 
of pinnm, common petlOle 3 mm. to 1.2 cm., glabrous; 
leaflets nine to eleven pairs; rachis 8 mm. to 2 em., stipulea­
spinescent, 3 mm. 

Nos. 6 to 9. Abruptly biplnnate, No. 8 often haVll1g 
three pairs of pinDle and No.9 four pairr., common petiole-
6 mm. to 2 cm.; lea1lets ten to thirteen pairs; rachis 9 mm. 
to 1.7 cm. j stipules spinesc.ent, 4 mm. 

The plants raised were not very robust, and most or 
them dIed during the winter months. 
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EXPLANATION OF PLATES. 

PL.A.TB IV. 

1. Ao_ ICZerosperma " at midday, with leaves erect. 
2. The same plant at nightfall, with leaves resting. 
3. AcacitJ oonferta at midday, with phyllodes spread. 
4. The same twig at nightfall, with phyllodes closed up. 

PLATE V. 

Acacia pumila Maiden and Baker. 
1. Cotyledons. Wentworth Falls, New South Wales, (A. 

A. Hamilton). 
2. Pinnate leaf, bipinnate leaves and phyllodes. 
3. Pod and seeds. 

Acacia bidentata Benth. 
4. Cotyledons and opposite pair of pinnate leaves. Western 

Australia, (W. M. Carne). 
5. Opposite pair of pinnate leaves,. bipinnate leave. and 

phyllodes. 
6. Seeds. 

Acacia obUqua A. Cunn. 
7. Cotyledons, Cassilis, New South Wales, (W. H. Cullen). 
8. Pod and seeds. 
9. Pinnate leaf, bipinnate leaves and phyllodes. 

Acacia r1t.odoa;yZon Maiden. 
10. Cotyledons, Eidsvold, Queensland, (Dr. T. L. Bancroft 

per J. H. Maiden). 
11. Pinnate leaf, bipinnate leaves and phyllodes. 
12. Pod ud HeaB. 

PuTH VI. 
AoactCl gladiiform" A. Cunn. 

1. Cotyledons, Cassilis, New South Wales, CW. B. Cullen). 
2. Pinnate leaf, bipinnate leaves and phyllodes. 
a. Pod &ad seeds. 



Acacia rel'fIOcH. Schlecht. 
4. Cotyledons and pinnate leat. Adelaide (E. H. Ising). 
5. Pinnate leaf, bipinnate leaves and phyllodes. 
6. Pod and seeds. 

PLATE VII. 
Acacia subulata Bonpl. 

1. Cotyledons. Warialda, New South Wales, (J. H. 
Maiden). 

2. Pinnate leaf, bipinnate leaves and phyllodes. 
3. Pod and seeds. 

Acacia sparsiftora Maiden. 
4. Cotyledons and pinnate leaf. Eidsvold, Queensland, 

(Dr. T. L. Bancroft, per J. H. Maiden). 
5. Pinnate leaf, bipinnate leaves and phyllodes. 
13. Seeds. 

PLATE VIII. 
A.cacia dealbata Link. 

1. Cotyledons. Cooma, New South Wales, (J. H. Maiden). 
2. Pinnate leaf and bipinnate leaves. 
3. Pod and seeds. 

A.cacia. Bidwilli Benth. 
4. Cotyledons, Eidsvold, Queensland, (Dr. T. L. Bancroft, 

per J. H. Maiden). 
5. Pinnate leaf and bipinnate leaves. 
6. Pod and seeds. 
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FURTHER OBSERVATIONS ON ST ACHYS 
ARVENSIS. 

"STAGGER WEED" AS A CAUSE OF STAGGERS Olt 
SHIVERS IN SHEEP. 

By H. R. SEDDON, D.V.Sc., W. L. HINDKABSH, B.V.Se., 
M.R.C.V.S., and H. R. CARNE, B.V.Sc. 

(RelUl be/ore 1M Royal Society 0/ New SOulh Wales, Del. 1,192j.) 

Staggers is a term applied somewhat loosely to any con­
dition wherein there is a staggery gait. In this State, how­
ever, there is a ptculiar form of Staggers, also termed 
Shivers, which comes on when &wmais are driven. It has 
been shown by Dodd and Henry that such may he due tQ 
feeding on Marshmallow (Malva parviflora), or on Lamium 
ample:eica.ule. As will be seen in this paper, a third plant 
has more latterly been incriminated, and the purpose of 
this article is to record the factors which have a bearing on 
the developml'nt of Staggers or Shivers clue to this third 
plant (S,odt.ys arvensis). 

Natural Order-Labiatae: (Mint, tic., Family). 
Po~a,. Descnptson.-An annual herb i to li feet hIgh, with 

opposite leaves, oval, or occasionally almost heart-shaped at 
the base, and with wrinkled margins. The ftOWel'f are KTOuped 
in circles round the upper part of the square stem, one circle 
immediatel7 above each pair of leaves. It is a native of 
Europe and Western Asia. 

Bol(lffical Desc,.ipt,on.-A weak, spreadfng, hairy annual 
Leave. small, petiolate, ovate-crenate. Flowers small, pale-
purple, in false whorl. of 2 to 6. Calyx with five nearly 
-eqaal teeth a. lone a. the tube. Corolla upper-lid erect, 
concave and entire. 
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I'Iom J. B. Maiden, The Weed, of New South Walea. pt. 1. 
(1_). 

The fact that this plant might cause Staggers or Shi'Yerll­
was first indicated in certain experiments conducted by 
one of us (W.L.H.), at Moss Vale in 1921. .As these­
experiment. involved only three sheep, only one of whioh 
ahowed definite shivers (held by us to be the best index 
of the condition), an endeavour was made at Narara in 
1922 to confirm the previous results. These experiments 
were conducted by Hindmarsh, assisted by Mr. E. G. 
Griffiths, B.Sc., Assistant Chemist, but in this second 
series of experiments only negative results were obtained. 

The following summary of the Moss Vale (1921) 
experiments may be detailed here :-In this experiment 
three adult sheep (one merino and two crossbreds) were' 
employed and offered the weed ad libitum, no other food 
being allowed. The sheep were placed in a small yard and 
allowed water; supplies of the weed were freshly cut eaeh 
day. The sheep did not eat the weed at all readily. 

Sheep I.-Crossbred ewe, broken mouthed. Tested by 
driving on 14th day, it showed symptoms of 
both Staggers and Shivers. Tested again on 
the 21st -day, it refused to travel more than 
100 yards, and showed trembling. It died 
the same day. 

Sheep II.-Merin.p ewe, aged. Tested by driving on the 
21st, 27th and 28th days, travelled 3 to 4i 
miles without showing definite symptoms of 
Shivers or Staggers, though there appeared 
to be some urinary irritation-a condition 
often seen but not invariably present in 
sheep which show definite Staggers. 



Sheep III-Merino ewe, aged. Tested by driving on th .. 
14th day, it travelled normally. On the 
21st day (a 4 mile drive), it showed slight 
stitfness of action for the last mile of the 
journey. On the 27th day it travelled well 
for one mile, and then showed the signs of 
urinary irritation exhibited by the other 
sheep. At times whilst standing and 
straining to pass urine, the whole body 
trembled. It travelled a further 11 miles, 
but gradually walked more slowly and went 
down. Similar symptoms werl' "hown the 
following day. It was then killed. 

In the Narara (1922) experiments, the followmg results 
'11 ere obtained:-

Pen I-Three adult sheep fed on freshly gathered plant, 
average 2.45 Ibs. per ft.!y pi!r sheep for 40 days. 
Tested-No symptoms of Staggers. 

Pen II-Two adult sheep drenched claily with expressed 
juice and watery extract from freshly gathered 
plant. Average juice and extract from 6.77 
Ibs. plant per sheep per diem. 
Result-No ill effects. 

Pen III-One adult sheep fed on reo;idue after pressing, 
average 2.55 Ibs. per dil'm. Re .. idue mixed 
with lucerne chaff. 
Result-No ill effects. 

Pen IV-Two adult sheep controls remained normal. 

The following year (1923), it wa .. decidl'd (m view of 
the inconclusive results previously obtaIned), to conduct 
more extensive tests, such to be both at Narara and at the 
Glenfield Veterinary Research Station, which had mean· 
time been established. These showed very definitely that 



ile weed wu capable of inducing Staners or Shivers, &I1d 
W fact had been recorded by Seddon. 

'J During certain of these experimentg, more particularly 
'Chose at the Veterinary Researeh Station, it became 
obvious that the effects of 8tac1t.lIB might be quite variable, 
even apart from individual idiosyncrasy in sheep (which 
will be discussed later), and the purpose of the present 
paper is to review the whole of the feeding experiments that 
have been conducted, ~nd to offer an explanation for this 
variation in the e:tfect of the plant. 

OGuel of 1Jariatiofl. in tke effeots of Stachys arvensia in 
8keep. 

<a) Age of Animal. 

In the experiments recorded by Seddon, it was &hown 
that when ewes and lambs were fed simultaneously, the 
lambs might show symptoms earlier than the adult sheep, 
or even to show symptoms whilst the adult sheep remained 
unaifected. 

ThUll in Experiment 1 (Glenfield), commenced 11th 
October, 1923, of three merino ewes with three well grown, 
tecently weaned lambs, all the lambs showed symptoms on 
the fifth day of the experiment, whereas only one of the 
adult ~eep showed them on that date, the other two not 
developing them till the seventh and twelfth days 
respectively. 

In Experiment 2, with sheep from the same source as 
those used in the previous experiment, conducted at Glen­
field, but not commenced until 10 days after Experiment 
I, the two lambs showed slight symptoms, commencing on 
the 8th and 13th days respectively, but definite Shiver. 
occUtTed in neither until the 25th day, on which date one 
exhibited Shivers, the other lamb being found dead in the 
pen on the same day i the adult sheep remained normal 
throughout, although the experiment was continued fer 
.t,days. 



(b) Oonditicm of platnt. 
The following summary of all feeding experiments to­

date shows the date of commencement, and shows that the­
negative results were in general obtained in the late spring, 
whereas earlier (winter) experiments were positive. 

nate of Locality from Result 
commencement Year. which plant of 
• f experiment drawn. expt. 

June 26, 1921 Moss Vale Positive 
July 23, 1924 Lisarow Positive 
August 23, 1924 Lisarow Positive 
September 26, 1922 Narara Negative 
September 26, 1923 Narara Positive 
October 11, 1923 Narara Positive 
October 21, 1923 Narara Negative 
October 30, 1923 Narara Negative 

Minimal 
interval 
before 

symptom. 
app8ared • 

14 days 
6 days 

13 days 

12 days 
5 days 

As the seasons vary considerably from year to year, the 
condition of the plant on a given date may differ con­
siderably in different years. A C!'!..mparison of the experi. 
ments conducted in 1923 and 1924 shows that whereas the­
first experiments were invariably positive, in exJlcriments 
conducted later in the same year the effect was more 
delayed or even entirely lacking. As successive feeding 
tests were first performed in 1923, it was only then that 
this fact was recognised. Thus in Experiment 3 (Narara, 
commenced 26th Sept.), and Experiment 4 (Narara, com­
menced 30th October), it was found in the first mentioned 
that Staggers was induced in three adult sheep in 12, 12 
and 19 days respectively, whereas in the later experiment 
an adult sheep did not exhibit symptoms when tested 
repeatedly up to the 20th, 27th, and 33rd days after 
feeding commenced. 

A similar result was shown by the adult sheep in 
Experiments 1 and 2 (quoted above), for whereas in the­
former symptoms were ind\lced in three sheep in 5, 7, and 
12 days respectively, in the latter no symptoms were 
induced, though the feeding was continued for 32 days. 

It should be noted that the interval between these ex· 
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periments was quite small, being 34 days in the :flrst 
mentioned comparison aDd only 11 days in the second. 
As the sheep used in this latter case were exactly com­
parable, it became obvious that some considerable change 
must have occurred, and that relatively suddenly, for the 
feeding to be attended with such diverse results. 

It was noted that the plant used in the earlier of each of 
these pairs of the experiment appeared green and succulent, 
whereas in the later pair of experiments it was much 
drier and of a yellowish colour. 

It will be convenient here to give a short account of the 
plant as we have seen it grow. It is peculiar in that though 
an annual, it has not a direct seasonal growth, but springs 
up whenever conditions are favourable, at any time of the 
'year, but is confined apparently to cultivated ground. It, 
therefore, appears in quantity in orchard land, lucerne or 
.other cultivation paddocks, and in gardens during the 
winter and early spring, and usually thrives from then on 
until destroyed by cultivation lD the late spring or by the 
dryness of mid-summer. WIth the early autumn rains it 
may spring up again, but the winter frosts are unfavourable 
for it. 

The plant commences to flower and seed when only a few 
inches in height. Under favourable conditions, the plant 
may remalD gr.een and show luxuriant growth (including 
branches), and attain a height of up to 12 inches. Should 
dry conditions prevail, however, it rapidly assumes a 
.Yellowish colour, and such occurs irrespective of the size 
or age of the plant. At the same time it naturally becomes 
.JIOmewhat harsh. 

Thus at any time from late winter to late spring, one 
may find the majority of the plants either green and 
succulent or yellowish and harsh, depending on whether 
OOfditiona are favourable for its growth or not. Aa 
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moisture in the soil is often influenced by cultivation pro­
oCtI8SS, these latter may have a bearing on the condition of 
tile plant. 

An examination of rainfall records shows that just prior 
to the period at which the plant was noted to lose its 
potency, there was, in each year, a marked dry spell which, 
with the rising temperature consequent on the advent of 
summer, might prove unsuitable for the further growth of 
the plant. 

The variation in the effect of " green" and of 
"yellowish" plant here discussed might have been associ­
ated with death or wilting of the plant, and to determine 
whether this was so or not, samples of the plant were dried 
to hay and tested by feeding to sheep. 

These experiments were planned as follows :-A quantity 
of the fresh plant was fed and at the same tIme a similar 
amount was weighed out and then sun-drIed and fed to 
animals of the same class as those used for the fret.h plant. 
The samples of dried weed were kept separate and fed in 
proper rotation. 

The results are shown in the following table:-
Ex. State Sheep Result. 
pt. Year. of plant. used. 

2 1928 Fresh 1 adult 

5 1928 Dried 
(7 days) 

e 1924 Fresh 

, 1824 Dried. 
(14 cla,.) 

sheep 
2 lambs 

1 adult 
sheep 

2lamDs 

81ambs 

81amb. 

Adult sheep-negative 
Lamb l-symptoms 8th day 
Lamb 8-symptoms 13th day 

Adult sheep-negative 
Lamb l-symptoms 89th day 
Lamb 2-negative 
Lamb 1-aymptoms 16th day. 
Lamb 2 ..... FPtoms 18th day 

(died) 
Lamb 8-symptoms 24th day 

Lamb l-symptoms 10th day 
Lamb 2-symptoms 12th day 
Lamb 8-symptoms 12th day 
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Thus, in 1923 and 1924 lambs on both fresh and dried' 
Sf4IJ1t.YI ar1J6W showed Staggers. Comparison of the­
effect of fresh and of dried 8tachy., however, gaTe inoon­
liatent results, for whereas in 1923 it appeared that the 
fresh weed wah the more pott'nt, in 1924 the reverse was 
the case. 

Consideration of the manner in which these lupplies of 
the weed had been dried showed that in 1923 the weed had 
been placed on jute bags of a rather open texture, which 
were lifted out into the sun daily, to hasten the drying 
process. In 1924 the bags used were placed in a shed and 
not disturbed until the weed was required for feeding. 
Further, it was observed that on lifting the dried (or 
drying) weed, the seed was easily lost, and thus in the 
1924 experiments it was retained, whereas in the 1923 
experiments it was probably largely lost. 

Similar chscordant results were obtained in oonnection 
with experiments designed to furnish a clue to the nature 
or location in the plant of the Staggers-producing 
principle as is shown in the following table:-
Experi. Material. Animals. Result. 
mente 
I (1928) Fresh 

Stachys 

8 (1928) Watery 
utracMrom 

2 lambs 

.stach,.s 2 lambs 

g (1928) Residue 2 lambs 

S (1924) Free 8 Nbs 

~ , 10 (lU4) W~1 • 

I 'I a1.bs 

11 (1814) Buidue aiatnbl 

Lamb l-syn\ptoms 8th day 
Lamb 2-symptoms 13th day 

Lamb l-symptoma 7th day 
Lamb 2-symptoms 16th dar 
Lamb I-negative (30 days) 
Lamb 2-negative (30 days) 
Lamb l-symptoms 16th day 
Lamb 2-symptoms 18th da,. 

(died) 
Lamb 3-symptoms 24th day 

Lamb I-negative f46 days) 
Lamb 2-negative 46 days) 
Lamb 3--I1egative 46 dan) 
Lamb l-symptoma 12th day 
Lamb 2-symptoms 12th day 



In each year the "extracts" were prepared from similar 
material, and at the same time that the fresh plant was 
fed to the lambs. Further, the same quantity of weed was 
used for feeding in the fresh state, and for preparation of 
the "extract," the "residue" being the pressed plant resi­
due remaining after the fluid "extract" had been removed 
by expression. As the lambs were of the same class, the 
experiments in each year become striotly comparable. (The 
~'extract" was administered by the mouth, and for 8US­

tenance the lambs were provided with wheaten chaff; 
control sheep, receiving the same ration but neither 
drenched with extract nor fed with the weed, were 
included in the experiment.) 

The 1923 results indicated that the Staggers-producing 
principle was present in the "extract," and not in the 
"residue"; the 1924 experiments as conclusively indicated 
the contrary. 

These extracts were prepare~ by passing the weed 
through a mincing machine, adding tap water to thoroughly 
moisten the mass, allowing to stand overnight, and then 
expressing the fluid (so-called "extract"), by means of 
an ordinary meat press. An important di1ference in tech­
nique was made in each year, inasmuch as in 1923 the 
material was reduced to a much finer state than in 1924, 
the attrition in the former year being 8ufileient to break 
the seeds, whereas in the following year it was not. This 
result was due to di1ferent apparatus having been used. 

These several variations in the effect of Sfach". arv6ftN 
collected at different dates, of dried (and possibly de­
seeded) weed, and of extraction of thoroughly bruised a~d 
of simply chopped weed, all pointed to & possible common 
cause, namely the seed content of the plant. 

That the plant oommences to flower when only a few 
inches in height, and that the seeds are rapidly formed, 

Q-Oatober 7. 11116 
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had not escaped notice, and one reeopiIed the futility of 
attempting to colJect the plant in quantity in the p .... 
lIoweribg atap. 

As a quantity of the dried 8tacAU' was available, it W88 

threshed, and two sheep were drenched (Experiment 12), 
with a watery extract of the seed as follows :-Fifty graDUI 
of the seed were thoroughly pounded in a mortar, and 400 
1!.C. of water added. It was allowed to stand overnight, 
and then filtered through muslin and drenched to lambl 
Nos. 34 and 36. This was repeated daily. The result was 
that both animals showed symptoms on the third day of 
drenching (S. 35 "shivered," S. 34 la@'ged). 

An attempt was then made by threshing to remove the 
_d from dried supplies of the plant, as used in Expt. 7, 
the plant having now been drying for two months. (This 
experiment is not exactly comparable WIth Expt. 7, in 
which the first sample was weighed out on 30th July, for 
ill the later experiments (Nos. 13 and 14), the :first IImple 
used was that put aside to dry on 10th August.) 

After the 27th day of the experIment it became necessary 
to use dried weed from a bulk sample of "hay." The 
:results of these experiments were as follows._ 

Experiment 13.-Lambs fed on carefully threshed 1I16ed. 
Remained normal after 40 days' 
feeding. 

ExperuD.ent 14.-Lambs drenched WIth emulsified seeds 
from threshed hay. (Hay from same 
quantity of weed as that used in the 
fresh state for Expt. 7. ) 
One lamb shivered on 24th day, others 
r~normal. 

The effect of d.reaching .an emulsion of the seeds ".. 
then repeated, the material DOt being tiltered. In the 
u.perimeDt (No. U), 100 grams 01 seeds were adminiatered 



-lr te eadb. aheep in 400 c.C. of water (after cruahing 
_d aDcrw:iDr to soak in the water overnight). iResult: 
LaDlb.N slt.ivered on 3rd day and Lamb 94 on the 10th day. 

All attempt was then made to remove the seed from 
8tv.cw" and to !feed the dried plant in as large quantitiea 
:as would be cOl'lSUJlled (about 1 lb. per day)~ a larger 
.quantity than had been employed in Experiment 13. It 
was found impossible to remove all the seed, t'xcept by the 
tedious process employed in Experiment 13, a process not 
practicable with the larger quantities used in this 
experiment. The result of the experunent (No. 16), was 
that lamb 97 shivered on the 12th day and lamb 98 on the 
15th day. 

(c) QUOIntit" Fed. 
Obviously, this must play an important part. In nearly 

all our work, animals have been given as much as they 
would eat. WIth the fresh plant, the only case in which 
aimilar animals were fed at dl1feNllt rates was In 1923, 
when ewe 24 (Experiment 77), was fed with the weed 
4d, libitum (consuming up to 6 lbs. daily), and developed 
aymptoms of Staggers on the 12th day, and shivered on the 
24th day, whereas sheep 38 (Experiment 2), fed 21bs. per 
day, remained normal. As one of these sheep was a cross­
bred and the other a merino, it is perhaps unfair to compare 
them, though parenthetically it may be stated that both 
classes are susceptible, but whether equally so or not is 
unknown. 

A more striking example is seen in the experiments 
wherein large quantities of seed were employed. In these 
two experiments shivering was manifested on the third 
day, whereas in no other experiment has an animal shown­
symptoms 80 rapidly. The- quantity of seed givrn would 
be considerably more than that contained in the largest 
qaal'ltity of plaut (fresh or dried) that a sheep could eat 
in the same time. 
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Further, when amall quantities (average 8 rraml per 
day), of seed were given (Experiment 14), shivering WI8 

manifest in only one of three animals, and then not until 
after 24 days' feeding, whereas of two similar sheep fed 
at the same time at the rate of 100 rrami per da,., one 
shivered on the third and the other on the 10th day. 

(d) D,,~ of feedNng. 

No precise information is available on this point, but 
from the facts that on removal from the weed sheep re­
cover rapidly (within 4 to 6 days) from the "Staggers'" 
state, that in oertain experiments sheep did not manifest 
symptoms until after as long as 40 days continuous feeding,. 
it is probable that the action is a cumulative one, except iD 
excessive doses large enough in themselves to induce thft 
condition, e.g., large quan~ties of seed. 

(e) DiaftllAC6 TnweUeti 
In very badly affected sheep, symptoms may be mani­

fest almost immediately on SUbmitting them to exercise. 
In the great majority of our oases, however, they have not 
developed until the animals have travelled at least one or 
two hundred yards, and not infrequently sheep have not 
exhibited the oondition until they have been driven for 
between one and two miles. 

(f) IaMB1f1UJf'Q,I'!J of IndWidual Sheep. 
It has always been our aim to include in eaoh experiment 

as many sheep as possible, in order to avoid possibllt 
negative resu!ts due to individual insusceptibility as it 
appeared from the work of Dodd and Henry, on Malf)(J and. 
Lamium, that such might occur. Owing to the multiplicity 
of our expe.ents, it has ~ely been possible to includlt 
more than three sheep in each experiment. 

It is always posslble that one sheep may eat less of the 
• .", than another, and particularly 18 this likely to be SO 
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ill the earlier part of an experiment. Once the animals 
have been got in the way of subsisting on the plant, such a 
factor is not likely to play a large part and differences in 
the effect on the sheep may be ascribed to idiosyncrasy. 

There are a number of examples of this given in the 
following table:-

.Ezperiment. Material. Result. 
1'1 (1924) Fresh Stachy. Sheep 8, shivered 18th day 

" 18, shivered 21st day 
.. 16, lagged from 13th to 21st day 
.. 14, remained normal- ceased 

feeding after 21st day. 
11 (1924) Fresh Stachys Sheep 67, shivered 8th day 

.. 71, shivered lOth day 

.. 72, shivered 19th day 

.. 68, shivered 21st day 
14 Seed Sheep 66, shivered 24th day 

.. 69, remained normal 36 days 

.. 70, remained normal 36 days 

In other cases the results are .much more uniform as 
evidenced by the following:-

Experiment. Material. Result. 
18 (1924) Dried Stachys Sheep 77, shivered lOth day 

.. 78, shivered 12th day 
" 79, shivered 12th day 

19 (1924) Pressed residue Sheep 67, shivered 12th day 
.. 68, shivered 12th day 

In each of the experiments quoted in these two tables the 
sheep used were carefully selected, so as to be uniform as 
regards breed and age. As they were driven together at 
least every two days, it becomes evident that there is a 
variation in susceptibility, some animals exhibiting 
..ymptoms much earlier than others. This is in accord with 
1leld experience of the disease. 

(g) Non-permaM1f,cy of the Co~dition. 
In our experimental work it ha& generally been found 

"that once an animal has attained the condition in such a 
.severe form that it shivers during the first thousand yarda 





DUousritm. 
From the foregoing it would appear that, &8 we earIT 

IUBpeeted, variation in the eftect of the plant was related 
chietiy to two factors-

<a) ~e of animal. 
(b) Amount of seed contained in the plant fed. 

The former is a clinical experience and its proof wu 
furnished in the report earlier published 

The experiments in support of the latter are not 80 

crucial as one would like, chietiy owing to the great 
difficulty of removing all the seed from samples 
of the dried plant and the impossibility of securing 
quantities of the plant in the short stage before seeding. 

The recognition, however, of the fact that the Staggers. 
producing substance is present in quantity in the seed 
is an advance in our studies to determine the nature of 
the activlc' principle and generally jacilitates further work 
on the condition. 
Summary of knowledge regarding Stachys arvensis G8 II 

cauBe of Stagger8 or Shiver, in 'keep. 

I t will be convenient now to give a general summary 
of the above, this being based upon field observations and 
the results of experimental feeding upon the plant. 

1. Stackys aroemis, "Stagger Weed," is a cause of 
Staggers or Shivers in sheep. (Other plants capable of 
causing the condition are Malva parviflora (Marshmallow) 
and Lamium amplexioaule (one of the Nettle family). 

2. For this eftect to be produced the animals must have 
been (lating the plant for at least four or five days. 

3. The condition of Staggers or Shivers is observed onl;y 
when the animals are driven or otherwise exercised. Thua 
they appear normal in the paddock or pen and show 
symptoms only when travelled. The amount of exercise 
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Decessary to produce symptoms is variable: it may be 
oaly 50 yards or so, more usually it is from 200 to 500 
yards, but it may be delayed until the animal has travelled 
over a mile. 

4. Symptoms appear comparatively suddenly. The 
most prominent are a staggering gait and attacks of 
shivering. Frequently, but not invariably, animals lag 
behind the flock for a while before these attacks of Staggers 
or Shivers become manifest. Animals may show" Shivers" 
without any previous staggering. Again, they may at 
times stagger without ShOWIng "shivers." 

Another symptom often but not constantly observed 
is frequent urination. 

5. Following an attack the ammal usually goes down 
and if allowed to rest a little while may get up and travel 
normally. More often any enforced driving leads to 
eomplete "knocking up" or further attacks of shivers. 

6. Once having shown symptoms (lagging, knocking up, 
staggers or shIvers) any enforced exerCIse IS liable to 
cause sudden death of the animal, and the greatest care 
therefore has to be taken in droving a flock affected with 
the condition. 

At times in our experimental work an animal has been 
found dead in the pen: it would appear therefore that 
severe exercis8"is not always necessary to bring about death. 

7. The plant grows only in cultivated land (orchards, 
fallows, lucerne ~eldst etc.). It is a rapid grower when 
conditions are favourable, provides abundant herbage, and 
as otherwise it is not bad sheep feed, flocks might at times 
be depastured upon it. Under such circumstances therefore 
ODe might flnd that the whole or greater part of a flock 
becomes affected with the condition. 

S. It occurs commonly in the following Pasture Pro­
tEition Districts :-Maitland, Cumberland and Berrima. 



'80 far as is known it does not occur in profusion in the 
main sheep districts. It would probably oecur there, 
-especially in the Tablelands, if more eultivation of crops 
for sheep feeding were carried out. It is never likel,. 
"to be of importance in the central and western part of the 
State owing to the dry conditions. 

9. Tht> eRects are moo;t marked in young animals, 
particularly lambs. Ewes, even though not showing 
symptoms themselves, may transmit the condition through 
thE' milk, and thus even young lambs, not old enough to 
-eat the plant in quantity themselves, may show symptoms. 

10. The plant varies in its effects, and sllch is duE' 
chiefly to the amount of seed it contains. 

11. The plant flowers and sE'ed is formed when only a 
few inches high, and as the seed ripens it falls out. Thus, 
young, green, succulent, actively growing plants have beE'n 
found to be most harmful. 

Later the plant becomes drier, somewhat hal'c;h, and 
yellowish in colour. The seed has then nearly all fallen 
out, and feeding at that stage may produce no ill effects. 
Soil conditions, particularly degree of moisture present, 
have a marked influence on the growth of the plant, and 
hence on its effect. 

12. Generally speaking, it may be said to be most harmful 
in the late winter and early spring, and to decrease in 
stagger-producing action as spring advances until, drying 
off in the early summer, it becomes harmless. The amount 
-of plant required to produce symptoms is therefore 
variable. In all experimental work wherein sheep were fed 
they received the plant alone-no other feed. Under such 
-conditions lambs showed symptoms after ~ating at the rate 
-of 1 lb. per day for five days. This was the young plant. 

13. As mentioned before, the poisonous substance is 
pl1Ml8nt in greatest quantities in, if not entirely confined 
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to. the seeds. Drenchi.nc anjmals (fed on wheateD. ohd} 
with an emulsion of large quantities of seed has led ta­
symptoms in three days. Stocky. hay from which aU 
the seed had been threshed produced no ill deets. 

14. If taken oIf the plant and placed on other feed (ehd, 
grass, etc.), atfected animals recover in a few daya. Tllia 
is a very important fact, for in the case of an affected 
1Iock which it is desired to travel a distance, a change for 
say a week to a pasture free of stagger weed will allow 
them to recover and travel normally. 

15. The majority of animals, as long as they are kept 
on the weed, provIded it be at a noxious stage, retain 
the staggers condition, i.e., show symptoms on driving. 
A proportion however may recover. There appears 
therefore some individual toletance, but this does not apply 
to the majority. 

16. Animals that have shown symptoms and then 
recovered when placed on grass, have, when placed again 
on the weed, contracted staggers a second time, thus 
showlDg that they do not become immune. 

17. In our experiments it has been found that over 90% 
of IJheep are susceptible to the weed. 

It is wIth pleasure we express our appreciation to Mr. 
H. G. Whlte,·Superintendent, Viticultural Nursery, Narara, 
and to Stock Inspector Hamilton, of Moss Vale, for the 
help atforded us in those experiments which were con­
ducted in the field. 
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THE FIXED OIL OF THE SEEDS OF THE 
·'KURRAJONG." 

(Brac1t.yc1t.itcm populMum, R.Br.; Syn. Sterculia 
diversifolia, G. Don), 

By F. R. MORRISON, A..S.T.C., A..A.C.I • 

.Assistant Eccmomic Ohemist, Technological Museum, 
SydMY. 

(RltuI blfore the Royal Society of New So"tl, Walt's, Oct. 7, 1925.) 

In a paper entitled "The ChemIstry of the Kurrajong," 
by Mr. J. K. Taylor, B.Sc. (Agr.), published in the" Aus­
tralian Forestry Journal," 1921, Vol. 4, p. 295, inte,. alia, 
the chemical and physical characteristics of a sample of 
Kurrajong seed oil are set forth, together with a descrip­
tion of the oil and its semI-drying properties. bmce then 
the oil does not appear to have been further examined, and 
the present investigation was undertaken in order to 
determine its composition. 

The botany of the species is described by Bentham in 
"Flora Australiensis" (Vol. 1, p. 229), as a tree attaining 
a ht'ight of 20-60 feet, the habitat extending from Gipps­
land in Victoria, throughout the eastern half of the Con­
tinent to the Gulf of Carpentaria in the Northern Terri­
tory. The tree is also fully described and :figured in J. H. 
Maiden's "Forelot Flora" (Vol. VII., p. 77). 

The seeds which are contained in podfo are :fig-shaped, alld 
consist of a white kernel enclosed in' a black shell, the 
latter being covered with a yellow "furry" coating, whicll 
l4tter imparts an oiliness to the skin when handled. An 
average seed is 9mm. long, and weighs 0.13 gram. 
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J'~1(j Otl.-The oils obtained from two lots of seeda by 
means of solvents were reddish in colour and moderate17 
viscous. They consisted of the glycerides of palmitic, 
oleic, and linolic acids, together with smaller quantities of 
free palmitic, oleic and linolic acids. A small quantity ()f 

unsaponifiable matter was also present, consisting of sito. 
sterol (phytosterol), and yellow colouring matter, the latter 
being derived from the coating of the seeds. 

It may be mentioned here that the oil described by Mr. J. 
K. Taylor ('ontained practically no free aCId&. 

E,;perimental.-Two lots of seeds from trt'es growing at 
Dubbo were kindly supplied by Mr. R. J. Shuter of the 
Acclimatisation Area, Dubbo (Forestry Commission of 
New South Wales), in February, 1924, and in May, 1925. 
In each ease the seeds were put through a mincer, and the 
moisture content determined in a portion of the meal. 
The oil content of the meal was determined in each ease 
by extraction of portion of the meal with ether in a 
Soxhlet extraction apparatus. The remainder of the meal 
was then treated with solvents, ethyl ether being employed 
to extract the oil from the first lot of seeds j while the oil 
was obtained from the second lot by means of petroleum 
ether (boiling below 50°C.), in a continuous extractor. 
After removal of 'the solvent, oils were obtained aa 
tabulated below:-

Yleld of oil. 
Date of WeiCht of -"" --I collection. seed. content apparatus In large 

(grams). %. using ether extractor. 
as solvent. 

Feb., 1924 1137 6.4 23.4% 20.0% (using 

11&),,1925 2330 10.4 23.9% 
ethyl ether) 

21.7% (using 
petrol'm. ethercr 
B. Pt. below 50 -



The oil obtained from the 1924 lot of seeds became semi· 
solid after the lapse of several days; whilst from the 1925 
lot, after keeping some time at winter temperature 
(12.150 ), a white crystalline deposit separated. The 
physical and chemical characteristics of the crude oils 
lAIre as follow:-

Melting Point .. 
Specific Gravity 
Refractive Index 
Acid Value .. .. 
Saponi1lcation Value 
Iodine Value (Wijs, 

1924 sample. 
30° 
0.908318· 
1.4676 at 20° 

65.0 
198.0 

1925 sample. 

0.9203 tt· 
1.4709 at 20· 
42.7 

192.8 

2 hours) .. .. .. 101.3 107.6 
Un saponifiable .. .. 1.1 % 1.5 % 

Mixed, fatty acids.-A quantity of the 1924 sample of 
oil (30 grams), was saponified with alcoholic potassium 
hydroxide, and the mixed fatty rrt!ids separated by means 
of sulphuric acid in the usual manner: 27 grams of mixed 
fatty acids being obtained equal to 90% of the crude oil 
The following were the characteristics:-

Melting Point .. .. .. .. .. 33.5° 
Specific Gravity .. .. .. .. 0.8908 H· 
Refractive Index .. .. .. .. 1.4548 at 40° 
Iodine Value (Wijs, 2 hours) 100.9 
Neutralisation Value.. .. .. 202.4 
Mean Molecular Weight .. .. 277 

Separation of "solid" and "liquid" acids.-The "solid" 
and "liquid" acids were determined quantitatively, using 
the modified method of Gusserow and Varrentrapp (Lew. 
kowitsch, 1921, Vol. I, p. 556), which gave the following 
result :-Solid acid, 12 %, ILIld liquid acid 78 %, calculated 
on the original oil 

Larger quantities of the respective acids were obtained 
for examination by the lead salt-ether method of Tortelli 
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.. Bugeri (L'OroBi, AprR, 1900), de&e'l"ibed It, 1Jew­
kt$itBeh (1921, VIol. I., p. 560); 46 FUllS of oil lave T 
grams of Sllid acid and 28 grams of liq'llJid acid. 

Solul arid.-Thia had a melting point of 500 , iodine value 
of 39, and neutralisation value of 209. After re-crystalli­
aation from alcohol several times, the acid was obtained in 
a atate of purity, melting at 620 , which melting point did 
not alter when the acid was mixed with a sample of 
,palmitic acid from another source. It had a neutralisation 
value of 217 equal to a molecular weight of 258. The solid 
acid is, therefore, palmitic acid. 

Liquid acid.-The liquid acid was of an amber eolnr, 
and had the following characteristics:-

Specific Gravity .. .. .. 
Optical Rotation .. .. .• •• 
Refractive Index .. .. .. .. 
Iodine Value (Wijs, 2 hours) 
Neutralisation Value ..... . 
Mean Molecular Weight .. .. 

0.9063 U' 
±o., 

1.4650 at 20· 
126.4 
197.2 
284 

IMoZuble bro-rnides of the hquid aculs.-A quantity (5 
grams) of the liquid acids was dissolved in 50 cc. dry 
.ether, the solution cooled to _20 0 , and saturated with 
bromine. The solution was allowed to stand overnight in a 
bath of ice and salt, but no insoluble bromides were preci. 
pitated, indicating that linolenic acid was absent. ThE' 
excess of bromine was removed from the ethereal solution 
by means of sodium thiosulphate solution, and the ether 
allowed to evapoTate, the last traces bei11g removed in 
"fteUO. The viscous residue was triturated with petroleum 
4fther (boiJ.inr below 5(0 ), at _'200 , and the insoluble preci­
pitate filtered off, and washed with cooled petroleum. ether; 
1.6 grams of bromide W8lIe thus obtailled equi\'aient to 15 
1*' eent. of. liDoJiC acid. The mollllide cryttallilad £rOIl. a 



..mture of ether and petroleum. ether in glistening needles, 
melting at 115", and when mixed with a sample of linoUc 
tetrabromide from another source, the melting point did 
not alter; 0.1385 gram gave 0.1722 gram .Ag.Br j Br. = 
52.9%. Linolic tetrabromide CIMII820lBr, contains 
Br. = 53.33%. 

The liquid bromide remaining after the rl'moval of the 
-petroleum from the filtrate consisted of 8 clear, viscous 
mus. The bromine content was determined by boiling' with 
concentrated nitric acid and silver nitrate (J . .Amer. C.S., 
Vol. 42 (1920), p. 1199); 0.4266 gram gave 0.3994 gram 
.Ag.Br; Br. = 39.8%. Since oleic dibromide contains 
36.18% Br., the liquid bromides apparently consist of oleic 
dibromide in admixture with a small quantity of linolic 
tetrabromide. 

Oxidation of liquid acids.-The hquid acid& were 
oOxidised in alkaline solution with potassIUm permanganate 
(Lewkowitsch, 1921, Vol. I, p. 575) :-10 grams were dis­
solved in a solution of 4.5 grams of potassium. hydroxide 
in 12 cc. of water, and the resulting soap was dissolved in 
600 cc. of water; 600 cc. of an aqueous 1i % solution of 
potassium permanganate were added slowly with constant 
.agitation, the temperature of the reaction being kept at 
0°. The precipitated manganese dioxide was dissolved in 
SUlphurous acid, and the liquid allowed to stand overnight, 
then filtered, the precipitate drIed (9 grams), and the 
latter shaken with 1,000 cc. cold ether. filtered, and the 
solution concentrated to small bulk; on cooling, crystals 
separated as glistening laminae, which after crystallisation 
from. hot alcohol, melted at 133 0 • The substance gave th~ 
followinl reaults on analysis: 0.0672 gram gave 0.0707 gram 
RIO &lid 0.1684 Il'am 001 ; 0 = 68.34%. R = 11.68%: 
0.1501 gram required 0.0269 gram KOR for neutralisation, 
equivalent to a molecular weilht for a mono-basic acid of 
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313. DihydrOxyBtearic acid (C18H .. O,), requires C =-
68.3%, H = 11.4%, and has a molecular weight of 316. 
The acid is, therefore, dihydroxystearic acid resulting from 
the oxidation of oleic acid. 

The substance (3.3 gram), insoluble in cold ether, wu 
purified by recrystallisation from dilute alcohol, and 
finally from 95 % alcohol, microscopic crystals being 
obtained which melted at 164°. This melting point waa 
not raised by further recrystallisation, and was apparentJy 
G-I&tivic acid, which is isomeric with the fJ form melting at 
173°. 

The acid gave the following results on analysis :-0.1046 
gram gave 0.1004 gram HIO and 0.2372 gram 00.; 0 == 
61.85%, H = 10.66%. 

0.1492 gram required 0.0241 gram KOH for neutralisa­
tion, equivalent to a molecular weight for a mono-basic 
acid of 347. 

018H8sOe requires 0 = 62.0% and H = 10.4%, and has 
a molecular weight of 348. 

The acid is, therefore, a-tetrahydroxystearic acid resulting 
from the oxidation of linolic acid. 

Determination of tke free acids.-In the work detailed 
above, the free apd combined acids were determined 
together. In order to determine the exact composition of 
the free acids present in the crude oil, a quantity of the 
1925 sample of oil was treated as follows: 100 grams of 
the oil were shaken with four successive portions of 100 cc. 
alcohol, until the acid value of the oil remained unchanged. 
The acid values after the se"eral agitations, were respec­
tively 21; 15, 7.5 and 4.8, the value remaining 
oonstant at the latter figure. The free acids, together with 
a quantity of the neub'al oil, were recovered from the 
f1coholic solution by removing the solvent, 29 grams of a 
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light brown fat being obtained, which had an acid value 
of 126. The fat was dissolved in 30 cc. alcohol, and 
exactly neutralised with aqueous 2 NKOH, diluted with 
an equal volume of water, and the solution agitated with 
ether. By this means 8.5 grams of neutral oil were 
extracted. The soap solution was then decomposed with 
dilute sulphuric acid, and 15.5 grams of mixed fatty acids 
were obtained, which mtllted at 35 0 and had a neutralie.a­
tion value of 196. The solid and liquid acids were prepared 
from 12 grams mixed fatty acids, by the lead salt-ether 
method, 2.8 grams of solid acid and 8.4 grams liquid acid 
bemg obtained. 

Solid acid.-The lOolid acid was recrystallised several 
timeb from hot alcohol and melted at 62°, which melting 
point did not alter when the acid was mixed with a sample 
of palmitic acid from another source. 

lt had a molecular weight of 260. ThE" solid acid is, 
thel'pfore, palmitic acid. 

Liquid ucid.-The liquid acid.. were treated with 
bromine as described above, no ether insoluble bromides 
being obtained; 2.6 gram~ gave 1.2 grams bromidel'l in­
soluble in petroleum ether equal to 21.6 % linolic acid. 
The bromide after purification melted at 114.5°. 

0.103 gram gave 0.1236 gram Ag.Br.; Br. 51.1 %. Its 
identity with linolic tetrabromidl' was confirmed by the 
method of mixed melting point. The bromine content of 
the liquid bromide after separation of the tetrabromide 
was 39.28%, indicating oleic dibromide mixed with a 
small quantity of linolic tetrabl'omide. 

The free acids, therefore, com.isted of. palmitic, oleic' 
and !inolic acids. 

Neutral oil alte,' removal 01 /re6 acids.-The oil had the 
following characteristics:-

It-October 1. 1926 



1' ••• 1I0S1111011. 

Specific Gravity .. .. .. .. 
Refractive Index .. .. 
Acid Value .. .. .. .. .. .. 
Saponification Value .... " 
Iodine value (Wijs 2 hours) 

0.9214: Uo 
1.4709 at 20· 
4.S 

195.6 
lOS 

The solid and liquid fatty acids were prepared in the 
usual manner, and examined, the results being identical 
with those obtained with the 1924 sample of crude oil. A 
quantity of the liquid aCIds prepared from the 1925 sample 
of oil was oxidised with potassium permanganate as 
described above, whereby dihydroxystearic acid was ob­
tained, together with the two isomerIc tetrahydroxystearie 
.aaids, a- and p sativic acids, melting at 1640 and 173· 
respectively. The combustIOn figures and molecular 
weights were identical. It would appear from this result 
that two forms of linoHc acid are present 10 thIS oil. (See 
B. Meyer and R. Beer, Monatsh, f. Chem. 1892, 326.) 

Unsapomjiable material.-The materIal extracted from 
.aqueous solutions of the saponified oils by means of ether, 
was reddish in colour, and after standing some time, 
crystals appeared throughout the VISCOUS mass. After 
repeated crystallisatIOn from alcohol, tufts of crystals were 
~btained which melted at 1330 • A drop of the alcoholic 
solution was allo~ed to crystallise on a microscopic slIde, 
and when viewed through the microscope had the tufty 
-crystalline appearance characteristic of sitosterol (phyto­
sterol). The crystals gave the usual colour reactions 
.characteristic of sitosterol or cholesterol. The crystalline 
portion of unsaponiflable material is, therefore, sitosterol. 

Stearoptene.-The crysta:u,m" depoBit which had separa­
ted from the crude oil after standing for some time was 
-collected on a filter, and purified by crystallisation from 
absolute ethyl alcohoL A white crystalline solid was thus 

• 
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4btained, which melted at 65°. It did not possess an acid 
value, and had a saponification value of 206. Palmitin 
melts at 65°, and has a saponification value of 208.8. 

Tests for alkaloids.-The uc;ual tests for the presence of 
-alkaloids in the oils gave negative results, thus confirming 
Taylor's tests for the presence of those bodies. 

The composition of th(' oil places it among oils of the 
semi-drying class. 

My best thanks are due to Mr. A. R. Penfold, F.A.C.I., 

P.O.S., Economic Chemist, for advice and assistance in 
this investigation, and to Mr. F. O'Donnell, Laboratory 
Assistant, for assistance in extracting the oil from the 
seeds. 
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NOTES ON THE'PRINCIPAL INDIGENOUS 
TIMBERS OF THE NATURAL ORDER 

SAXIFRAGEAll. 
By M. B. WELCH, B.Sc., A.I.C. 

With Plates IX ·XIII. 

(Read before tilt Ro;ved Sockt;v of New South Wales, Oct. 7, 1925.) 

The Natural Order Saxifragem oce-urs almost throughout 
the whole of the world, either as herbaceous typel, 
principally in the northern hemisphere, or &I shrubby or 
arborescent species which are chiefly sub-tropical or 
tropical. Bentham1 records twenty genera in Australia, 
of which twelve are endemic and many are monotypic. 

In the eastern stateli> of Australia, and more particularly 
in New South Wales and Queensland, several genera are 
of considerable economic importance as timber producing 
trees. The following genera reach large tree size, Quintwa., 
Polyosma, Ccillicoma, Cera.topetalum, Schizomem, A.ckama.,. 
Weinmanni4 and Geissois, and are of commercial interest. 

There has been a considerable divergence of opinion as 
to the genera comprising the Saxifragem, e.g., Engler and 
PrantIII place the genera Geissois, A.cka,ma., Schizomem,. 

• Oera.topeta.l.um, Weinmannia and Oalliooma. in the Natural 
Order Cunoniacem, whilst Eucryphia, placed by Bentham, 
I.e., in the Saxifragem iii> put in a new order, the Eucry­
phiaoom. Bentham and Hooker8 regarded the latter genus 
as belonging to the Rosacelll. Similarly, there has been' 
some dispute as to the species comprising the genera 
G.isSoN and W ~; according to some writers 
--~----~--~--~--~--~~--------------(1) Bentham-Flora AustraHensis, vol. ii., London, 1864. 

(2) Engler und 'prantl-Die Naturlichen PflanzenfamiHen. 
(8) Bentham BD4 Hooker-Genera Plantarum, London, vol. t., 

• 1862-186'1. 



)o..,.."t &pt 8~',,, 01 it.s. lV., Yol L1~, 1910. 

Fig. 2 -Poz,os",a Oumnn,ha,,,,, 
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We{nmamHa lacknooarpa. is placed under Geill(Jis, 
according to others Geissois Benthami is placed under 
Weinmannia.. In this paper it is proposed to follow the 
nomenclature used by Baker'. 

With the exception of Wemmanma, lachnooarpa, of which 
the structure was described by Baker, l.c., there is little 
information available ah to the anatomy of these woods, 
and it is proposed to describe them in some dctail, together 
with a brief description of their macroscopical chara('ter'l 
and uses. 

QUINTINIA SIEBERI, A.DC. 
Opossum Wood, Corkwood, Pmk Alder. 

(Plate IX., Fig. 1.) 

A medium sized tree found in the brushes of ea'lt~rn 

New South Wales, from near the Victorian border into 
southern Queensland. The wood i~ pinkish brown to 
reddish brown in colour, clo'le textured, light in weight, 
about 321bs. per cubic foot. It possesses no very 
distinctive figure, except for a rather prominent ray 
when quarter-cut. There is no distinct sapwood. Hardness 
= Moderately soft.· 

Uscs.-Not usually available in large quantity, but easily 
worked and very suitable for interIor joinery, e.g., 
mouldings, linings, etc. 

Macrosoopical characters.-Pores very small, crowded, 
almost indistinguIshable with the naked eye. Soft tissue 
not apparent. Rays of two kindb, the larger somewhat 
conspicuous on end section, hut prominent on a radial 
face; the smaller scarcely perceptible. Growth rings 
inconspicuous. ----- - -- - --

(4) R. T. Baker-Hardwoods of Australia, Sydney, 1919. 
• The description of hardness is comparative only, and is 

obtained by measuring the depth of the impression made by a 
fadling weight. 
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Microscopical characters.-Pores fairly evenly distri. 
buted, usually single or in small groups of rarely more than 
3, not in radial rows; single pores irregularly elliptical; 
radial diameter 35-90"., mean 55"., tangential diameter 
30-70".; mean 45".; vessel segments1,000-1,350".; walls 2-3".; 
end perforation strongly scalariform, up to 70 cross bars; 
lateral pits irregularly crowded, slit-like, border elliptical 
or almost circular, often scalariform in contact with rays; 
pores per square mm., 65. Wood fibre'! moderately thick 
walled; average diameter 30".; length 1,500-2,250".; walls 
4-6".; lateral pits slit-like, often somE-what bordered; celli 
often becoming tracheidal, WIth ratht'r crowded pits. 
Wood parenchyma fairly abundant, scattered or para­
tracheal, or in short metatracheal bandR, never more than 
1 cell in width. Multiseriate rays heterogeneous, often 
aggregate up to 2000". in height, and 300". in width ~ 
uniseriate rays 2-20 cells in height, often almo8t homo­
geneous; cell walls thick, prominently pitted; cells usually 
filled with dark contents; 10-14 per mm. of transvers8' 
section. 

Alcoholic extract yellow; no fluorescence on adding 
water, no turbidity; no evidence of flavone; greenish 
colour with ferric chloride. 

Burns with littie a.r.h, chiefly unburnt carbon. 

POLYOSMA (JUNNINGHAMII, Benn. 

Feather Wood. 

(Plate IX., Fig. 2 ) 

A medium sized tree found in the coa&tal brushes of 
New South Wales and Queensland. 

The wood is pale yellowish in colour, close textured and 
of medium weight, about 43 lbs. per cubic foot. It 
possesses, when quarter cut, a figure approaching that of 



TUIDBBS OJ' THB NATURAL ORDBR SAXIJ'RAGE.. 279 

New South Wales Maple, Villaresia Moorei. Hardness = 
Moderately soft. 

l'ses.-Interior joint'I'Y, cabinet work, handles, turnery, 
etc. It is rarely seen on the Sydney market. 

Macroscopical characters.-Pores very small, !lCattered, 
almm,t indistinguishable with the naked eye. Soft tissue 
not apparent. Rays of two kinds, the larger ones light in 
colour and conspicuous on end &ection, smaller rays 
inconspicllous. Growth rings indistinct. 

Jli(,l'o,~copical clulracters.-Pores fairly pvenly distri­
buted, ul!oually single or in groups of 2 or 3, rarely in radial 
rows i single pores irregularly elliptical i radial diameter 
55-1101', mean 901'; tangential diameter 30-751', mean 551'; 
length of vCl'osel segments 1,200-1,6501'; walls 41'i end per­
foration &trongly scalariform; bars numerous, up to 50; 
lateral pits crowded, bordered, elliptical or almm,t circular, 
opening "'lit-like, often scalariform in contact ,.1th rays; 
number per sq. mm., 60. Wood fibres very thick walled; 
average diameter 251'; exceptionally long, 1,800-3,0001'; 
walls R-141'; pits slit-like, slightly bordered. Wood 
part'nchyma fairly abundant, usually scattered or 
paratrach'eal, more rarely in short m('tatracheal rows~ 

nE'v('r more than 1 cell in width. Multiseriate rays 
heterogeneous up to 6,0001' in height and 601' in width; 
uniseriate rays 3-30 cells in height, almost homogeneous j 
all cells thick walled~ pitting prominent; 8-11 rays per 
mm. of transverse section. 

Alcoholic extract almost water white; slight bluish 
fluorescence with water~ no turbidity; no evidence of 
:flavone; very little alteration with ferric chloride. 

Burns to dark grey ash, little unburnt carbon. 
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CALLICOMA SERBATIFOLIA, Andr. 

Black Wattle, Coachwood, Butterwood. 

(Plate X.. Fig. S.) 

A medium sized trt'e found in the coast and tableland 
districts of New South Wales, from Clyde River into 
southern Queensland. Although usually a small tree in 
the watercourses near Sydney, it oftpn reaches a large size 
in the northern rain forests. 

The wood is pale to pinkish brown in colour, close tex­
tured, moderately heavy, weight per cubic foot about 40 
lbs. It is without very distinct markings, except for a 
ribbon grain effect when tangentially cut, due to alter­
nating bands of dark and light coloured tir,sue. There is 
no distinct sap-wood. Hardness = Moderately hard. 

Uses_-It is rarely seen on the market, but should be 
suitable for brush htocks, chIsel and small handle~, turnery. 
interior joinery, etc. 

Macroscopical cltaracters.-Pores very small, crowded, 
almost indistinguishable with the naked ('ye. Soft tissue 
not apparent. Rays fine, numerous, inconr,picuous on end 
section, conspicuous on a radial face. Growth rings not 
very prominent, but marked by narrow zones alm.ost devoid 
of pores. 

Microscopical ckaracters.-Pores very numerous, very 
evenly distributed, in spring wood, usually single, rarely 
in short oblique rows of 2 or 3; smgle pores elliptical or 
irregular in !>hape, often with the larger axis tangential; 
radial diameter 35-90"., me~ 55".; ~tial diameter 
30-60"., mean 45".; vpssel segments 4~; walls 2--8".; 
end perforation strongly. scalaribma, bar. up to 40 in 
number, no simple perforation4W--.x pita crowded, slit­
like, border elliptical, scal~ til ecmtact with rays; 
average number per sq. mm., 1.. Wood fibres moderately 
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Fig. 3.-Callicollta H6rt·neifolia. 

Fig. 4.-Ceratopetalut1l apetalum . 
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thick walled, mean diameter 25p. j length 800-1,350p. j walls 
4-7p.; lateral pits slit-like. often bordered; cells show 
transition to irregularly shaped tracheids with numerous 
pits. Wood parenchyma not abundant, usually scattcred 
or paratracheal, or in short metatra('hcal bands, not more 
than 1 cell in width. Multiseriate rays heterogeneous, up 
to 1,OOOp. in height and 40p. in width; uniseriate rays 2-10 
cells in height, often almost homogt>neou8 j cells thick walled 
and promint'ntly pitted, usually with dark contents; 12-15 
rays per mm. of transverse section. 

Alcoholic extract deep reddish brown, no fluorescence on 
adding water, no turbidity; no evidence of flavont> j deep 
brmvnif..h green with ferric chlorirle. 

Burns to grey ash, little unburnt carbon. 

C:ERATOPETAI,lTM APETAI,rM, D. Don. 

Coachwood, Leather .Jacket, Li~ht'Wood. 
(Plate X, Fig. 4.) 

A large tree fonnel chiE.'fly in the brush forests of ('oac;;tal 
NE'w Houth Wal('", almost from north to south. 

ThE' wood is pa}(' hrown to pinkish brown in ('OIOll!', close 
textured, of moderate" eight, about 40 Ihs. pl'r cubh' foot. 
It is ul!ually figured, particularly when cut tangentiully, 
by the presence of darkt'r coloured longitudinal bands, and 
possesses the pleasant hwet't odour of coumarin. There 
is no distinct sap-wood. Hardness = Moderately soft. 

Uus.-It is one of the most valuable brush timbers for 
all purposes, being strong and tough. It is USE'd for furni­
ture and cabin!.'t work, motor body work, coach anrl carriage. 
building, railway-car construction, broom and other light 
handles, turnery, bruFoh-backs, broomstockh, mll('hinc­
framing, etc. It is rarely, if ever, attacked by the Powner 
Pust Borer, Lyctus sp. 



.... .,...., 
Jlaof"OloopW,l cwaoftr •• -Pore. very small, ~ 

indistinguishable with the naked eye. Soft tissue in 
irregularly spaced, reddish coloured, wavy, concentric 
lines, giving the wood its characteristic figure when tan­
gentially cut. Rays :fine, numerous, inconspicuous on end 
section. Growth rings indistinct. 

Mkroscopioal cMraoters.-Pores evenly distributed, eveD. 
sized, single or in short radial rows of 2-3 cells, rarely in 
small groups; radial diameter 20-80".; mean 55".; tan­
gential diameter 3~75"., mean 50".; vessel segments. 
750-1,200". in length; walls 2-3". in thickness j lateral 
pitting usually sealariform in contact with rays or adjoin­
ing vessels; average number per sq. mm., 90; end perforation 
simple, rarely with cross bars in the specimens examined.· 
Wood fibres moderately thiek walled; mean diameter 
20".; walls 3-4".; length 1,20~2,000". j pits bordered. Wood 
parenchyma in metatraeheal banoR 1-4 c('l1s in width, to 
a le£.ser extent seattered or paratracheal. Rays hetero­
geneolls, multiseriate rays up to 600". in length, and 20". in 
width; uniseriate rays 2-10 eells in h('ight j 6--9 rays per 
mm. of transverse section. 

Alcoholic extract pale yellow; practically no fluore'lcence 
on adding water, no turbidity j no ('videllce of flavone.; 
very little alteratioq with ferric chlorid('. 

Burns too greyish ash, practically no unbllrnt carbon. 

SCHrzoMERIA OVATA, D. Don. 
Crab App.le, White Cherry, Whit('wood, Humbug. 

(Plate XI, Fig. 5.) 

A very large tree in the brushes of eShtt>rp. N('w South 
Wales and Queensland, from TIIawarra to north Queens­
land j a girth of twenty-seven feet has been measured. 

• This is not in accord with the atatement in Solereder'a.. 
"Systematic Anatomy of the Dicotyledo12l," English Translation, 
,Val. i., p. 317, Oxford 1908. 
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Fig. 5 -liehizomena ovata. 

Fig 6.-.dciama Muelleri. 
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The wood is pale brown to pinkish brown in colour, close 
textured and of medium weight, about 37 lbs. per cubic 
foot. It is without distinctive figure, except for slightly 
darker longitudinal bands heen when the wood is cut 
tangentially. There is no distinct bap-wood. Hardness = 
Moderately soft. 

US68.-It would be suitable, if paraffined, for butter 
boxes, and it is often substituted ah a "pine" timber. 
Suitable for case material, toys and bmall turned articles, 
etc. It is not recommended for ll.,e in cabinet work or 
joinery unless treated satisfactorily with creosote or other 
deterrent, as it is one of the bruhh timher" most liable to 
destruction by the Powder Post Borer. On no account 
should it be used in building con."truction . 

.llacros('opical Chal'act6rs.-Pores small, almost indistin­
guishable with the naked eyl'. Soft tiE.."ue in fine, irregu­
larly spaced, wavy, concentric line.;. Rays fine, numerous, 
slightly darker than rest of tissue when seen on II radial 
face. Growth rings not pronounced, but forming 
alternating dark and light coloured zones. 

,Vicroscopkal charact6rs.-Pores evenly distributed in 
hhort radial rows, rarely exceeding 5 cells, but occasionally 
as many as 8, often single, rarely in small, irregnlar 
groups; single pores elliptical; radial diameter 35-120", 
mean 75p.; tangential diameter 30-80p., mean 55p.; vessel 
scgments 350-800p.; walls 4-7 p.; end perforation simple; 
lateral pits crowded, slit-like, borders elliptical or almost 
circular, simple, elliptical in contact with rays; average 
number per sq. mm., 50. Wood fibres moderately thick 
walled; average diameter, 40p.; 1,000-1,50014 in length, 
walls 4--1p.; thicker walled in denser pari of growth ring; 
pits slit.likE', very slightly bordered. Wood parenchyma 
fairly abundant, chiefly in irregular metatracheal bands 
up to 5 cells in width, to a lesser extent scattered or 
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paratrach(:'al. Multiseriate rays, heterogeneous, numerous, 
up to 650". in height, and rarely more than 2 c(:'lls m width; 
uniseriate rays 2-15 cells in height; cell walls not thickened 
or promin(:'ntly pitted; 10-13 rays per mm. in transverse 
section. 

Alcoholic t'xtra('t almost water white, v(:'ry slight 
:fluorescence on adding water, no turbidity; no evidence 
of :flavone; very lIttlt' alteration with ferric chloride. 

Does not burn to a .. h, practically all unbnrnt carhon. 

ACKAlIU MUELLERI, Benth. 

Corkwood. Brown Alder, Sugar Bark, J>(>ncil Cedllr. 

(Plate XI, Fig. 6 ) 

A tree reaching a large bizt', up to 9 f('et in girth or 
more in the bru~h fore~ts of eastern New ~outh Wales or 
Queensland, from Sydney to north Queensland. 

The wood i~ pinkl<,h brown to reddish brown in colour; 
weight about 38 lbh. pE'r cubic foot; close textured, and 
wlthout distinctive markings. There If! no distinct sap· 
wood. Hardne~s = Moderately boft. 

Uses.-Suitable for Joinery, floorings, moulding, carv· 
ing, bru<,h-stocks,' boot-heelh, ptc. Requireb careful 
seasoning. 

Macroscopical cM,·acterS.-Pores small, almo.st mdu,tin· 
guisbable wlth t~e naked eye, crowded. Soft ti"':lue not 
apparent. Rays fine, numerous, conspicuous on quarter 
cut !Ioections. Growth rings indistinct.· 

Microscopu;a), characters.-Pores evenly distributed, even 
sized, single or in short radial rows of rarely more than 3 
-------- -

... It can be separated readily from the prineipal other 
Corkwood, EndliJlldra Siebe", Natural Order Laurinelll!, by the 
D1¥Jlerous concentric lines of soft tissue which occur in the latter 
timber. 
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cells, or in small irregularly connected groups, single pores, 
irregularly elliptical in section; radial diameter 40-110", 
mean 75".; tangential diameter 55-95", mean 70,,; vesser 
segments 225-900" in length; walls 3-5,,; end perforation 
usually scalariform, 1-14 bars, rarely simple; lateral pits 
often scalariform in contal't with rays; average number pt'r 
sq. mm., 60. Wood fibres thick walled; average diameter 
25,,; length 1,500-2,500,,; walls 5-7" in thickness, lumen 
often reduced to 4p. j lateral pits narrow elliptical, slightly 
bordered. Wood parenchyma para tracheal or scattered, 
sometimes in short metatracheal bands, not more than 1 cell 
in width. Chambered crystal parenchyma CE'US present. 
Rays heterogeneous, vertical cells often considerably elon­
gated and heavily pitted j multiseriate rays up to 1,500" 
in height, 60" in width; uniseriate rays 2-12 cells in height j 
rayE. per mm. in transverse section, ]0-12. 

Alcoholic extract orange brown j fluore&cence very slight 
on adding water, no turbidity j deep brownish green with 
ferric chloride; no evidence of flavone. 

Burm, to greyish ash, little unburnt carbon. 

ACKAMA QUADRlVAlNIh. C. T. White. 
Brown Alder, Pencil CE'dal'. 

(Plate XII., Fig. 7.) 
A large forest tree found in the Atherton and Cooktown 

districts of north Queensland. 

The wood is pinkish brown to l't'ddish brown in colour j 
moderately close textured j of medium weIght, about 39 
Ibs. per cubic foot; without di&tinctiv6 markings. No 
distinct sap-wood. Hardness = Moderately soft. 

Uses.-8imilar to Corkwood, Ackama Muelle,·i. 

Macroscopical ckaracters.·-Pores s~l1 but easily visible 

~e specimen examined was obtained from -Atherton. 
through the Queensland Forest Service, but was without 
botanical material. 
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'With the naked eye. Soft tissue not apparent. Rays fine, 
inconspicuous. Growth rings indistinct. 

M1croscopical characte",.-Pores usually in pairs, 
Tadially distributed, som"etimes single or in short rows of 
2-8 cells; single pores elliptical; radial diameter 100-180,..., 
mean 135,...; tangential diameter 75-150,..., mean 110,,; 
length of segments 450-900,...; walls 4-5,...; end perforation 
simple; lateral plb. crowded, borders circular or elliptical, 
.simple in contact with rays; number per sq. mm., 8. Wood 
parenchyma not abundant, scatter{'d or paratracheal; 
.chambered crystal parenchyma present. Wood fibres 
moderately thick walled; mean diameter 20,...; length 1,350-
"2,100,...; walls 3-5,...; pits slit-like, scarcely bordered. Multi­
seriate rays heterogeneou<l, up to 1,000,... in height and 45,... 
in width; uniseriate rays often almo'!lt homogeneous, 2-12 
cells in height j cell wall'! thick and prominently pitted; 
10-13 per mm. of transverse section. 

Alcoholic extract deep reddish brown j no fluorescence 
.on adding water, no turbidity; deep brownish green with 
ferric chloride; no evidence of flavone. 

Burns almost completely to very white a~h, practically 
no unburnt carbon. 

WEINMA*NIA LACHNOCARPA, • F.v.M. 

Mararie, Marara. 

(Plate XII., l!'I,. 8.) 

A large tree (fccurring in the ~... parts of northern 
New South Wales and southern Queensland. The wood is 
pinkish to pinkish-brown in _lour; very close textured; 
heavy, weight per cubic foqi = 54 lbs.; without distinctive 
figure. There is no distinct sap-wood. Hardness = Hard. 

• G,is,oU l4c_ctWlD, l.H.M. in Maiden's "Forest Flora of 
.Npw South W~," Vol. 19. 
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Fig. 8.- Wllittmatmia laclmocarpa. 
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'U 16B.-Has been used for heavy coach and carriage con· 
struction, general building and construction purposes, 
mallets, chisel.handles, wood working planes, heads of golf. 
clubs, machinery bearings, and for purposes where strength 
and hardness are requ~red. t 

Macro8copical ckaracter8.-Pores very Rmall, not 
crowded, almost indistinguishable with the naked eye. Soft 
tissue not apparent. Rays fine, numerous, inconspicuous on 
end section, moderately conspicuous on a radial face. 
Growth rings very indistinct. 

Microscopical cMract6rl.-Pores evenly distributed, 
single or in short radial rows of 2-5, rarely, however, ex­
ceeding 3; single pores usually elliptical; radial diameter 

30-1101', mean 801'; tangential diameter 35-751', mean 
601'; vessel segments 450-8001'; walls 5-7p.; end perforation 
simple; lateral pits &lit.like, border circular or elliptical, 
crowded; numbt'r per sq. mm., 45-60. Wood fibres thick 
walled, mean diameter 161'; 1,050-1,650p. in leng' it; walls 
4-71'; pits slit-like, scarcely bordered. Wood parenchyma 
abundant, paratracheal, scattered, or forming numerous 
irregular metatracheal bands 1 cell in width. Chambered 
crystal parenchyma present. Multiseriate rays hetero­
geneous, up to 6001' in height, and 45p. in width; uniseriate 
rays 2-14 cells in height, often almost homogeneous; cell 
walls strongly pitted, thick walled; average number per sq. 
mm. in transverse section, 7. 

Alcoholic extract orange brown; very slight bluish 
:fluorescence on adding watt'r, no turbidity; no evidence 
of :flavone; deep brownish green with ferric chloride. 

Burns to fine brownish-grey ash, practically no unburnt 
carbon. 

t For phYSical tests see "Hardwoods of Australia," R. T. 
Baker, Sydney, 1919. 
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GEISSOIS BENTHAMI, F.v.M. 
Red Carrabeen. 

(Plate XIII, Pig. 9.) 

A large tree found in the brush forests of northern New 
South Wales and '1outhern Queensland. 

ThE' wood is pinkish to pinkish brown in colour; close 
textured, of moderate weight, 36-40 lbs. per cubic foot, 
and devoid of distinctive markings. There is no distinct 
sap-wood. IIardnes'J = Moderately boft. 

U ses.-General bwlding purposes and joinery work, 
furnitur(' and cabinet work, turnery, etc. It is available 
in moderately large quantities, and is often used as a 
substitute for Queem.land Maple, Flindersia Okatawaimna, 
but is said to be rather more difficult to season than that 
wood. 

Macroscopical ckaracters.-Pores small, but visible with 
naked eye. Soft tissue scarcely apparent as indistinct lines 
in the denser portion of the growth ring'J. Rays fine, 
numerous, moderately conspicuouc; on a radial face. 
Growth rings moderately prominent, densE'r tissue marked 
by comparative absence of apparent pores. 

Microscopical ckaracters.-Pores fairly evenly distri. 
buted, in radi8J. rows of 2-5, or in small irregularly con­
nected groups, rarely single, slDgle pores elliptical in 
8E'<ltion, very variable in size j radial diameter 35-200", 
mean 100,... i tangential diameter 35-110,..., mean 90,... j vessel 
segments 500-900,... in length j walls 6-8,... j end perforation 
simple in all material examined; lateral pits crowded, slit­
like, borders circular or somewhat elliptical, pits large, 
elliptical, simple in contact with raya; average number per 
sq. mm., 30. Wood fibres moder~ly thick waUed; mean 
diameter 20,...; walls 3-6,...; length 900-2,000,... j pits slightly 
bordered, slit-like. A zone of thicker Walled fibres with 
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GEISSOIS BENTHAMI, F.v.M. 

Red Carrabeen. 
(Plate XIII, Fig. 9.) 

.A. large tree found in the brush forests of northern New 
South Wales and o;,outhern Queensland. 

The wood is pinkish to pinkish brown in colour; close 
textured; of moderate weight, 36-40 lbs. per cubic foot, 
and devoid of distinctive markings. There is no distinct 
sap-wood. Harclnes~ = Moderately soft. 

U ses.-General bUllding purposes and joinery work, 
furniture and cabinet work, turnery, etc. It is available 
in moderately large quantities, and is often used as a 
substitute for Queensland Maple, FlinderBia CkatawaiaM, 
but is said to be rather mor& difficult to st'ason than that 
wood. 

Macroscopioal ckaracterS.-Poreb small, but visible with 
naked eye. Soft tissue scarcely apparent as indistinct lines 
in the denser portion of the growth ring'!!. Rays fine, 
numerous, moderately conspicuou'l on a radial face. 
Growth rings moderately prominent, denser tissue marked 
by comparative absenct' of apparent pores. 

Microscopical rhMacters.-Pore'!! fairly evenly distri­
buted, in radial rthvs of 2--5, or in small irregularly con­
nected grolips, rarely single, sIngle pores elliptical in 
8(>ction, very variable in size j radial diameter 35-200p.. 
mean lOOp. j tangential diameter 35-110p., mean 90p.; vessel 
segments 500-9U0p. in length j walls 6--8p.; end perforation 
simple in all material examined; lateral pits crowded, slit· 
like, borders circular or somewhat elliptical, pits large, 
elliptical, simple in contact with rays; average number per 
sq. mm., 30. Wood fibres moderately thick walled; mean 
diameter 20p.; walls 3-6p.; length 900-2,0001'; pits slightly 

• bordered, slit-like. .A.. zone of thicker walled fibres with 



Joumal Roy"'" Society oj N.S. lV., Vol. LIZ., 1925. Plat6X[Il. 

"'& .. •••• _'. -... . "'_<. 
~' .......... ' ...• ' 

~..... -. _. 
~ . •..• ,. 4; .t..-,>.... 1~ . . ~ 

tr • • ~... .. .... . :,_ . ......•. _- ... . 
...... •• - ··Ii .... •• .• . -.. '\ ....... ., . . ...•. ~ . . _ -..:-
.;._ .... ""It';I .. 

• 16' •• . •... ... ' .. 
_.!z .,..... ... 

... 
l!'tg. 9.-GeiIlBois II"uel,ami. 



TJIIBIIR8 01' THB lu''1'J]aAL OIlDRa BAXll'aAGUII. 28$10 

small lumen occurs in the denser part of the growth ring. 
Wood parenchyma not abundant, paratracheal or scattered, 
with a tendency to form metatracheal bands of 1 cell in 
width, particularly in the denser part of the growth ring, 
Chambered crystal parenchyma somewhat abundant. Rays 
heterogeneous, walls of vertical cells strongly pItted; mul­
tiseriate rays up to 750". in heIght, 40". in width; uDl~eriate 
rays sometimes almo~t homogeneous, 2-20 cells in heIght; 
rays per mm. in transverse section, 12-15. 

Alcoholic extract pale yellow; very sbght bluish fluor­
escence on adding water, no turbidity; very little alteration 
with ferric chloride; no evidence of flavone. 

Burns to greYIsh ash, little unburnt carbon. 

Key to the Timbers. 

The follOWIng key is based on macro~copical characters: 

(a) 

(~) 

Soft hs~ue eac:;lly VIsible on ena sect m as 
numerouo;;, fine, wavy concentrIC hnes. 

(b) 
Pores lD short radIal rows 1-5 cello;;, growth rIngs 
di'ltInct, soft tissue pale coloured, no odour. 

(bt) 
Schtzo7nena ovata. 

Pores usually single; growth rmgs muistInct; 
soft tissue reddish in colour; fragrant odour. 

Oeratopetalttm apetalum. 

Soft tissue rings not apparent to naked eye (ex­
cept as inconspicuous lines at junction of denser 
portIOn of growth ring in Geisso,,!,), 

(c) 
Pores in short radial rows, not crowded, easily 
visible with naked eye. 

8-Ootober 7. 1915 
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(d) 

Pores in radial rows of ~, rarely more; growth 
rings indistinct. 

Ack.ama quadri'IJalw. 

Pores in radial rows of 2-5 or more; growth rings 
moderately prominent. 

(Cl) 
Pores crowded, usually single or in small groups, 
scarcely visible with naked eye. 

(e) 
Rays prominent, larger ones conspicuous on end 
section. 

(f) 
Wood pale yellow, ray'!! pale in colour. 

(fl ) Polyosma Cunninghami4. 

Wood pinkish to reddish brown, ray'!! reddish. 
(el) Quintinia Sieben. 

Rays inconspicuous on end grain. 

(g) 
Pores very numerous, wood moderately soft, 
pinki'!lh brown to reddish brown in colour. 

(gl) Ackama M ueZleri. 

Pores 'numerous; wood hard to moderately hard; 
'pale to pinkish brown in colour. 

(h) 
Gr9wth rings indistmct, wood heavy, rays not 
very consplcuoUS on radial face, very little darker 
than other wood. 

(h1 ) Weinmmania Zoohnocarpa. 

Growth rings somewhat prominent, especially on 
a tangential face; rays conspicuous on radial face, 
much darker than other wood. 

o.JUcoma. ,errati!o'Ua. 
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Summa.ry.-The woods described are without sharp 
odiJ!erentiation of sap-wood and heart-wood. Growth rings 
are not sharply defined, but are most prominent in Calli­
coma and Sckkomeria. Pores, which are diffuse, are often 
indistinguishable with the naked eye, are usually crowded, 
and number up to ]25 per sq. mm., in Callicoma. Vessel 
segments with simple end perforation occur in Cerato­
pdatum, Sckkomeria, Weinmannia and Geissois, and 
scalariform end perforation is found in Quintinia, Poly­
OBfM and Callicoma. Either or both types of perforation 
arp pre'lent in AC'kama. TylolWS were not observed. 

Wood parenchyma occurs as prominent metatracheal 
bands of several cells in width in C eratopetalum and 
Bckizomeria; in numerous bands of not more than one cell 
in width in W einmannia; in the other species it is princi­
pally either paratracheal or scattered. Chambered crystal 
parenchyma was observed in Alt7cama, Weinmannia and 
Gei.~\ois. Wood fibres reach an exceptional ipngth in 
POlll08ma Cunninghamii, measuring up to 3 mm. 

Multiseriate rays occur In all species examined, but are 
not more than two cells in width in Sckizomerio,; a maxi­
mum width of 3001' is found in Quintinia. Uniseriate rays 
rea('h a maximum height in Polyosma. With the exception 
of Sckizomeria, all the ray cells are more or less thick 
walled and prominently pitted. 

EzplaMtioft of Plates. 

Fig. 1. Transverse section Q_tinia Sieberi, A.DC. x 18. 
Fig. 2. " "Polyosma Cu",ninghamii, 

Fig. 3. 
" " 

Fig. 4. " " 

Benn. x 18. 
Callicoma serrati folia. 

Andr. x 18. 
Ceratopetalum apetalum, 

D.Don x 18. 
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FIg. 5. 
" " 

SchizDmetW O1JGtal 

D.Don. J: 18~ 

Flg.6. 
" " 

Aokama M ueUenl Benth. J: 18. 
Fig. 7. 

" " 
Ackama qtllJdnvGWisI 

C.T.W. J: 18. 
Flg. 8. 

" " 
W MmGnnUJ ZaolmooGrpG) 

F.v.M. J: 18. 
Fig. 9. 

" " 
Geissois B6fI,thami, 

F.v.M. J: 18. 
I ~ish to record my thanks to Messrs. D. Cannon and 

F. Shambler, of the Museum staft, for their assistance in 
many ways. 

Technological Museum, 
Sydney. 
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'THE USE OF PHOSPHORUS PENTACHLORIDE IN 
THE PREPARATION OF GLYCERIDES. 

By R. K. NEWMAN, B.Se., V. M. TBIKOJUB, B.Se., and 
G. HARKER, D.Se., F.A.C.I. 

(Read before the Royal Society of New South Wales. Oct. 7, 1925.) 

In connection with an investigation on the hydrolysis 
-of esters it was desired to prepare some tributyrin, but 
the yields obtained by the methods available in the 
literature were all disappolDtingly AmaH. A new method 
'Wall devised lD which the sodIUm salt of the fatty acid was 
treated with phosphorus pentachloride and glycerol by 
meanll of which excellent yields of tributyrin and 
trlisovalE'rm were obtamE'd. Incidentally the boiling point 
-of pure tributyrin was found to be 315.5° (corr.' a figure 
considerably higher than the one usually accepted, viz., 
287 0

• At the conclusion of the work it was shown that 
.a very good yield of tributyrin was obtainable by heating 
glycerol with excess of butyric acid, whilst distilling off 
the water formed during the course of the reaction. 
Although this is a simpler method than that using 
phosphorus pentachloride for the preparatIon of this 
particular glyceride, the lattl'r method has a wider range 
of apphcahon for the preparation of esters generally, SInce 
the continuouh removal of water by physical means is 
limited to those cases in which the reacting substances are 
less volatile than water. For example, the physical metholl 
could not be applied to tpe preparatioa of ethyl acetate 
by rE'fluxing l'thyl alcohol and acetic acid, but a satis­
factory yield of the ester was obtained by the action of 
phosphorus pl'ntachloride on the mixture of alcohol and 
sodium acetate. 



Ezperimenfal. 

The methods available in the literature were first tried 
and gave the following results:-

Dry hydrogen chloride was passed through a :mixture­
of glycerol and butyric acid in the proportions 1 molecultt 
of glycerol to 3 molecules of acid (Pelome and Gelis, 
NoufJ. Ann. de Chim. et de Phys., 1884, 10, 455) and 
yielded tributyrin to the extent of about 40% of thtt 
theoretical quantity, which was reduced to 25% after 
purification by fractionation under reduced pressure. 
Difficulty was e;x:perienced in obtaining a halogen-free­
product, and it is probable that the low yield i .. due to 
the formation of chlorhydrins. On thE' other hand, onlY' 
15% of pure tributyrin was obtained when glycerol and 
butyric acid in the above proportions were boiled in a 
reflux: apparatus for 60 hours (Lebede1f, Z., physiol. 
Chem., 1883, 6, 150), and a similar yield resulted when 
the alcohol and acid in the same proportions were refluxed 
WIth concentrated sulphuric acid and with anhydroua 
zinc chloride for 3 hours. When a mixture of glycerol 
and butyrIC acid (1 mol. : 3 mols.) was heated under 
reduced pressure at 2000 whilst a stream of dry air waa 
sucked through it for 6 hours (Scheij, Rec. trav. chim. t 

1899, 18, '189), only a small yield of triglyceride was 
obtained. 

Attempt,. "tere made to u,.e the catalytic esterification 
method of Sabatier and Mahle (Compt. rend., 1911, lU,. 
494), and mixtures of the vapours of glycerol and butyrict 
acid were pas!led over titanium dioxide heated to 1800 ,. 

but only traces of triglyceride were formed, although, 
with the same apparatus and catalyst, excellent yielca 
of ethyl isovalerate resulted on passmg a mixture of the­
vapours of ethyl alcohol and isovaleric acid. 
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Guth (Z. Bio!., 1903, 4r4, 96) prepared a number of 
glycerides by actmg upon the chlorohydrins with the 
sodium salts of various acids. In this way mono- and 
di-glycerides were prepared and the triglycerides then 
formed from them. The production of triglycerides by 
this means is tedious, and it was felt that the action of 
phosphorus pentachloride upon a mixture of glycerol and 
the ~dium salt of the fatty acid might well give a more 
dlrE'ct method, whIch would eijminate the necessity for 
it-.oiatmg lDtermediate compounds. Upon trial thE' method 
was found to give excellent results and to be SImple in 
application. 

In the first experIment, glycerol (1 moL), sodium 
but.\'rate (:3 mob.), and phosphorus pentachloride (1 
mol.) were heated together under a reflux condenser, 
carrylDg a calcium chloride tube, for two hour'! in a metal 
bath kept at 200°. After cooling, the contents of the 
fla~k were washed with sodium carbonate solUtion, and 
extracted with ether. The ether was removed by dis­
tIllatIOn from the water bath, and the eo;;ter dried by 
warming it in vacuo whil'lt a stream of dry air was sucked 
through. The product thus extractE'd, of which there 
was a large yield, had a saponification value of 662.4, a 
l'hlorme content 13%, and a boiling pomt 264°. In the 
nE'xt experiments 5 mols. of sodium butyrate were em­
ployed, the temperature of the bath "af> raised to 235°, 
and the heating continued for six hours. Yields of 
triglyceride were obtained approximating 75% of the 
theoretical, with saponification value'! of 579-609 (calcu­
lated for tributyrin 557), and containing 1.9-5.8% 
chlorine. A product free from chlo~ine could not be 
obtained by fractional distillation under reduced pressure, 
but by reftuxing with sodium butyrate for three hours 
alld then distilling, the glyceride was obtained free from 
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chlorine and gave a saponification value of 555.6. In 
order to prepare the glyceride free from chlorine in one 
operation, 51 mols. of sodium butyrate were employed 
and the heating continued for nine hours at 2000 • In 
two parallel experiments the following results were 
obtained:-

Exp. 1. Yield. 93% Sap. val. 564. B.p. 312°·314° 
(corr. 763mm.). 

Exp. 2. Yield. 93.4%' Sap. val. 566. D.p. 310°·311° 
(corr. 763mm.). 

Both the samples were free from chlorine. 

The product from experiment 2 was refractionated lDtO 
two fractions:-

Fr. 1. 192.196/26mm. Sap. val. 573. B.p. 310· (corr. 
763mm.). 

Fr. 2. 196.200/26mm. Sap. val. 554. B.p. 315 0 (carr. 
763mm.). 
FractIOn 2, the major fraction, was found to have a 
refractive index ",,2~· 1.43585 and density d!~· 1.0350. 

The constants given for tributyrin in the SIxth (1921 ) 
.edition of Lewkowitsch are Rp. 287 0 .288 0 at normal 
pressure and 1820 .184° at 24mm., refractive index 
""ar 1.48587, and' density d2:: 1.0324. The bOlling point 
figures are 'evidently taken from Guth, reference to whose 
work has already been made, whilst the refractn'e index 
.and density fi,ures are derived from the paper by Scheij 
(loc. cit.); the refractive index figure given by 
Lewkowitsch is, however, a misprint for the 1.4!lSH7 in the 
()riginal papl'r. IWith this correction the refractive index 
and density figures obtained agree closely with those given 
by Lewkowitsch, but there is a considerabll' di'!lcrepancy 
regarding the boiling point. Additional eVidence of the 

• purity of the tributyrin sample was afforded by 8 eam-
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bustion analYf!is, which gave the result :-(Found C, 59.4; 
H, 8.59; C15H,sOo requires C, 59.5; H, 8.61 %). 

The synthesis of triisovalerin was accomplished with 
equal success by the method, and a product obtained, after 
fractionation under reduced pre.,,,,ure, with a boiling point 
209.5°-210.5°/27mm.,330.5°/763mm. (corr.); I;aponiflca­
tion value, 486 (calculated for triisovalerin 489); 
refractive index n:a~ 1.43535; and density d!!· 0.9984. 
The sample was free from chlorine and a combustion 
analysis yielded the result :-(Found: C, 62.6; H, 9.16; 
C18HuOu; requires C, 62.8; H, 9.3%). No figures could 
be obtained in the literature at our disposal for the physical 
·constants of triisovalerin. 

It was thought of interest to try the method for the 
preparation of a simple ester such as ethyl acetate. Four 
mols. of sodium acetate, three mols. of ethyl alcohol, and 
-one mol. of phosphorus pt'ntachloridE' WE're mixed 
together in a flask cooled in ice and having attacht'd to it 
a six-bulb rt'flux condenser through which a rapid htream 
of water at 4° was pasS(>cl. When the initial vigorous 
reaction had hubsidt'd, thE' flask was heated on the water 
bath for ont' hour at 60°_70° and at 90°_100° for 21 
hours. The produ(.'t wa~ distilled from the water bath, 
and a 60~ yield of ethyl acetate was obtained containing 
traces of acetyl chloride, whi('h wert' readily removed by 
fractional distillation, }E'aving a product with 8 boiling 
point 75.:5°-76.7° at 765mm. Ry this method of preparing 
ethyl acetate the substance is obtained dry and the dif­
ficulty of removing water from it i.., avoided . 

• 
Preparation of triblltyrin from ay-tlibu#lIJ·I1I.-lt was 

suggested by Prof. Kenner that thE' ditferen('e in the 
boiling points between the tributyrin prE'parE'cl a.. above, 
8Jld that obtained by Guth (loc. cit.) mIght be due to 
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the existence of two isomers in accordance with the views 
of Griin (Ber., 1912, 45, 3691), who has described tw()o 
isomeric trilaurins. To test this point tributyrin waa 
prepared by Guth't. method from Gy-dibutyrin. On 
heating some redistllled Qy-dichlorhydrin with a Httle more 
than two molecules of sodium butyrate to 1400 -150° for 
six hours in a closed tube a 40% yield of ay-dibutyrin 
was obtaint'd boiling at 173°-175°/2Omm. The product 
contained a little chlorine and gave a saponification value 
of 441 (calc. for dibutyrin 483). It was apparent that 
no advantage was gained by using a elosed tube, and a 
further quantity was prepared by heatmg the two reagt'nts 
in a Perkin Bask in an oil bath kept at 160°_170°. In 
this case a 60% yield of chlorint' free dibutyrin, b.p. 
170° _176° /20mm., was obtained, giving a saponification 
number of 460.5. Forty grams of this substance were 
subjected to fractional distillation under vacuum with 
the object of purifying it, but it was clear from the 
saponification values of the fractions and their boiling 
points that decomposition was taking place, and an ap­
proximate boiling point only can be assigned to It. Guth 
collected at 1730 _176 0 /19mm. and probably tht'ht' limits 
are nearest for a product with a good ~aponification 

number. The dibutyrin was next reBuxed with E'XCt'ss of 
butyric acid 'in accordance with Guth'liI instructioDh, but 
a modification was introduced which has proved valuable 
in the preparation of certain esters. This consiRt"l in 
continuously distilling off the watE'r formed dnring the 
reBuxing of the alcohol and acid. Eight gra.ms of 
dibutyrin with folfr times the theoretical amount of ca.re­
fully redistilled butyric acid were placed in a Zeisel flask, 
provided with a rod and disc column, and heated in a 
metal bath so that the temperature at the side tube wa. 
bpt between 90 0 -100°. The rod and disc apparatus was 
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inserted into tile stem of the flask in order to aid in 
the separation of the water, and the heating was con­
tinued for 10 hours. On distilling the residue in the flask 
undpr vacuum very little unchanged dibutyrin came over, 
whilst the tributyrin was collected in two fractions as 
fo11ows:-

Fr. I, 4.4 grams, 183°-186° /17mm. Sap. val. 562. 

Fr. 2,4.12 grams, 186°-H~8° /17mm. Sap. val. 557. 

The combined fractions represented a YJE'ld of 82% of 
the theorE'tical. 

The saponification values of both fractions WE're good, 
the sE'cond fraction giving thE' exact number for pure 
tributyrin. The boiling pomt of this fraction W88 found 
to be 315° under normal prl'h8Ure, and wa"l identical with 
thl' boIling point of the sample preparE"d by thE" phosphorus 
pt>ntachloridp method. The specimen prepared by Guth, 
b.p. 287 0 -288 0 , was, therefore, impure, and in all proba­
bility was contaminated with a considerable qUlmtity of 
unchanged dibutyrin. In the experiment just de'JCribed, 
whprp the watpr formed during the refluxing wa"l con­
tinnou"lly withdrawn, very little unchanged dibutyrin was 
left, and thE"re was no trouble in separating it by fractIOnal 
dIstIllation. 

Preparatitm of tributyrin from glycerol and butyric 
acid.-The ready conversion of dJbutyrin into trIbutyrin 
by refluxing with butyric acid under the conditions men­
tiont'd at once raised the question a"l to whether tributyrin 
could not be prepared directly from glycerol and butyric 
acid in good yield by the same means. Six grams of 
glycerol were refluxed with 36 grams, I.e" with about twice 
the theoretical amount, of butyric acid for 8-10 hours, 
keeping the temperature at the side tube of the flask 
between 900 _1000 • On distillation two fractions were 
obtaIned :-
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Fr. 1, 9.2 grams, I86-I87/I6mm. Sap. val. 557.2. 

Fr. 2, 6.3 grams, I87-I88/16mm. Sap. val. 555.3. 

The first fraction with the better saponification value had 
a boIling point at 760 mm. of 315.5° (corr.), using & 

standardised (N.P.L.) thermometer. When freshly 
preplU'ed It had a pleasant sweetish odour. The combined 
fractions represented a YIeld of 80 % of the theoretical. 

Of all the methods described in this paper, the highest 
yield of tributyrm wao, obtained when using phosphorus 
pentachloride. 

Department of OrganIc Chemio;try, 
UDlverbIty of Bydney. 
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THE CONSTITUTION OF AUSTRALOL. 

By J. C. EARL, B.Sc., Ph.D., and V. M. TRIKOJUS, B.Sc. 

(R,ad b,frwt th, Royal Society of New South WaltS, NO'lJ. 4, 1925.) 

The occurrence of two hitherto undiscovered phenols 
in eucalyptus oils was recorded by Robinson and Smith 
(this Journal, 1914,48,518). One of these, a well crystal­
lised solid, was examined later in considerable detail by 
Smith and named by him, Australol (Research on the 
Eucalypts 2nd. Ed. p. 395). The other, Tasmanol, a liquid 
phenol which occurs principally in the oils of the Tasmanian 
eucalypts, was not investigatt'd !.ery closely. 

At the time of his death, Mr. Smith was planning further 
work on thelle two substances, and, as a suitable source of 
the phenols, he had obtained a quantity of the residu~ 
from the commercial refining of the oil of EucaZyptUB 
polybractea, a species which iq distilled to a considerable 
extent, both in New South Wales and in Victoria. This 
material, which was used for the present investigation, was 
a dark-coloured oil of specific gravity 0.970 at 15°C. The 
absence of a notable quantity of aldehydes or ketones was 
indicatt'd by the fact that, on treatment with a solution of 
sodium bisulphite, the oil underwent no appreciable 
diminution in volumE'. The saponification number was 
50-51 i after acetylation this was raised to 121, showing t)1at 
hydroxy compounds were present in ~onsiderable amount. 
By direct absorption with potassium hydroxide solution, it 
wall found that the oil contained 9 to 10 per cent. of 
phenols. 
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An exploratory fractional distillation of 250 grams of 
the oil at 27·27 mm. pre&8ure was made, and the resulting 
fractions examined with a view to ascertaining whether & 

concentration of the phenols in anyone or more fractions 
could be effected. The following results were obtained:-

Temperature. Weight of fraction. Phenols. 
up to 126°e. 11.8 grams 11 per cent. 

1260 to 1310 24.0 .. 10 " .. 
131 0 to 1400 31.6 .. 10 

" " 1400 to 1600 36.4 
" 

9 
" " 1600 to 1600 45.4 .. 8 
" " Residue and lou 102.0 " 

It would appear, therefore, that most of the phenols are 
-contained in that part of tht' oil boiling below 1600 at 
25·27 mm. Hence, as a preliminary to the extraction of the 
phenols, the oil was distillE'd in batcht's of 350 c.c. at 27 mm. 
pressure, the fractions up to 1600 and 1600 to 1860 being 
collected. The average weight of the first fraction from a 
number of such distillations was 217 grams. 

For the extraction of the phenols, 650 C.c. of the fraction 
up to 1600 were shaken with 1,400 C.c. of a 4 per cent. 
solution of foodium hydroxide. The alkaline solution, after 
separation from the oil and washing with {'ther, was reno 
dered acid, and the liberated phenols extracted with ether. 

Distillation of the phenols at 30 mm. pressure gave the 
following fractions:-

A. 135.1400 .. .. .. .. .. 

B. 140.1660 .. .. .. .. .. 

e. Abo\?e 1660 .. .. .. .. .. 

16 grams 
5.2erams 
2 grams 

Fraction A, when cooled and seeded with a fragm{'nt of 
solid australol, became partly cryBtalliD,e. By filtration 
.of the semi·solid mass at 00 , 6 grams of thc crystalline 
phenol were obtained. Re-distillation of the filtrate and of 
the higher fractions yielded a further stnall quantity of tJte 
Cproduct. The melting point of the IOlid phenol was (lOG, 
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and on benzoylation by the Schotten-Baumann method, it 
gave a well-brystallised solid benzoate, melting at 71.50

• 

Analysis of australol benzoate :-Found C, 79.7; H, 6.8 
per cent; calculated for C18H1S0 2 ; C, 79.9; H, 6.7 per cent. 

The composition of australol as recorded by Smith was 
C.HaO, and confirmation of this is furnished by the 
.anaylsis of the benzoate quoted above. The structure 
()riginally suggested for the compound, mainly on the 
grounds of its reaction with bromine and its molecular 
refraction, was that of a dihydro-p-allyl phenol. A closer 
-examination of the reaction with bromine, however, showed 
it to be a process of substitution, not one of addition. The 
quantity of bromine required to produce a permanent 
colouration in a chloroform solution of the phenol wa~ 
found to be approximately equivalent to one molecular pro­
portion. At the same time, an amount of hydrogen 
bromide wall evolved, corresponding to rathE'r more than 
half of the bromine added. It is thUR clearly indicated 
that a substitution reaction had taken place, iJl accordance 
with the equation:-

C.H120 + Br2 = CIIHuOBr + HBr. 
The eonstitution &uggested by Smith for australol is thus 

invalidated, and a structure must be assigned to it more 
in accordance with its behaviour as a saturated compound. 
Reference to the literature regarding the known phenols of 
the composition C9H120 revealed that the properties 
recorded for p-isopropyl phenol corrl'spond closl'ly with 
those of australol. Further, the benzoate of australol. and 
also the methyl ether prepared by methylating the phenol 
by means of methyl sulphate and Rodium hydroxide, Jiere 
apparently identical in properties with the corresponding 
derivatives of p-isopropyl phenol (Behal and. Tiffeneall, 
Bull. Soc. chim. 1908 [4], S, 318). The comparison is 
summarised in the following table:-
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Australol. II-IsoproPfL 
pheDol. 

Melting point of phenol .. .. .• 600 • 69-800 

Meltine point of benzoate .. .. 71.50 70-71 0 

Boiling point of methyl ether .. 211-2120 210-2120 

To enable the identity of the two phenols to be definitely 
established, p-isopropyl phenol was prepared synthetically 
by published methods, which are brielly outlined below. 
Magnesium phenyl bromide was condensed with acetone, 
and the compound so formed, on decomposition with 
water, yielded phenyl dimethyl carbinol (Tiffeneau, Ann. 
('him. Phys. 1907, [8],10,155). This was then dehydrated 
by heating with potassium bisulphate to give the un­
saturated hydrocarbon, phenyl isopropenyl benzene. 
(Perkin and Matsubara, J.e.s. 1905,87,672.) This method 
for the production of phenyl isopropenyl benzene was 
found to be more expeditIOUS than the procedure of heating 
the product of the reaction between acetone and phenyl 
magnesium bromide with an exce&s of the latter &ubstance, 
as recommended by Tiffeneau (loc. CIt.). The phenyl iso­
propenyl benzene was reduced to cumene or isopropyl 
benl.:ene by mean'! of <;orlmDl and alcohol (Klages, Ber. ]902, 
35, 3507). 

The sulphonatlon of cumene wa:. readIly effected by 
treating it with cold, slightly fuming sulphurIc acid (Claus 
and Tonn, J3er. 1885, 18, 1239). The 0- and p-sulphonic 
acids &0 formed were separated by crystallisation of their 
barium salts, that of the p-acid being much the less soluble 
in water. From 50 grams of cumene 62 grams of barium 
p-isopropyl benzene sulphonate were obtained. Without 
further purIfication, thI& was converted into the correspond-

* The melting points recorded in tid. "per for both the 
natural and synthetic phenols, were tho. fodftd for the freshl1 
crystallised material. For samples wbWl had been kept for 
several months, melting points as high as 63 0 were observ,d. 

• (cf. Penfold, Thi. Journal, 1923. 51. 88.) 
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ing potassium salt, which was then fused with twice its 
weight of potassium hydroxide at 2500 for three-quarters 
of an hour. After solution of the melt in water, acid was 
added and the phenol obtained in a slightly impure con­
dition by steam distillation. The most effective method of 
purification was found to be conversion into the benzoate 
(m.p. 71_72°), by means of benzoyl chloride m the 
presence of sodium hydroxide, and decomposition of this by 
hydrolysis with alcoholic potash, the phenol being 
precipitated from the diluted alkaline solution by carbon 
dioxide. So obtamed it had a melting point of 60°. 

The melting points of a mixture of the synthetic phenol 
and australol, and of a mixture of the two benzoates, were 
determined, but in neither case was any depression 
observed. The identity of aumalol with p-isopropyl 
phenol is, therefore, fully established. 

Although, as has been shown, p-isopropyl phenol is the 
principal phenol in the oil of Eucalyptus polybr.lrtea, there 
are present also other phenols of higher boiling point. 
Among these is the liquid phenol, tasmanol, which is 
characterised by the production of a crimson colour with 
ferric chloride in alcoholic solution. The higher fractions, 
however, did not yield a solid benzoate, so that the method 
adopted for the isolation of australol is not applicable in 
this case. The investigation has not yet been carried 
further, but it is hoped to make it the subject of future 
work. 

The Department of Organic Ohemistry, 
The University of Sydney. 



THE ESSENTIAL OILS OF MELALEUCA LIN ARll· 
FOLIA (SMITH), AND M. ALTERNI1!'OLIA (CHEEL). 

By A. R. PENFOLD, F.A.C.I., F.C.S. 

ECOMmic CMmist, Technological MfUtUm, .$,dfllY. 

(RttJd belort 1M R~al Society of New SotIfh WallS, Nw. 4, 1925.) 

MELALEUCA LINARIIFOLIA (SMITH). 
(With Plate XIV.) 

The botany of thIs tall an(l somewhat attractlve "Tea 
"rree, " whlch occurs very abundantly lD the coast dis­
tricts of New South Wales and Southern Queensland, 18 

very fully described in "Flora Austrahensls," Vol. 3, 140. 
It possesses a papery bark, and not only attams to a good 
height, but, lD a luxuriant condition, "preads very widely 
at the top, forming a splendid shade tree, as may be seen 
from the photographs at the end of this papl'r. It follows 
the water courses and flourlshe~ in all ')wampy situations. 
It ha'J since been referred to by E. Cheel in the 
Journal & Proceedings of this Society, Vol. LVI (1922), 
pn. 78-81. The 'essential oil, as well ae" the hl'ltologiclll 
~haracters'of Its leaves, have previously been dealt with by 
Baker and Smith in their heries of papers on "The 
.A ustralian Melaleucas and Their Essential Oils," Part 1 
(this Journal: Vol. XL (1906), pp. 65-69. A number of 
enquiries which were tnade regarding the economic 
utilisation of this et.sential oil neoeasitated a reference to 
the paper referred to, but unfortunlliNY the published 
information regarding its chemical composition was fo1'1nd 
to be of no value. Beyond the stateme~t that the crude 
oil was largely a terpene one containing 16 per cent. of 
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..meol, no d.ta are given as to what constituted the remain. 
ing 84 per cent •. Therefore, I was reluctantly compelled to 
re.investigate the essential oil, but the extremely interesting 
results obtained proved it to be well worth the trouble. 

Accordingly, leaves and terminal branchiets were pro­
-cured from Cabramatta and Peakhurst, two districh within 
20 miles of Sydney. 

The EBllen.tial Oil. 

The essential oils were of a pale lemon colour, with a 
pleasant terpenic and myristic odour, the latter being most 
pronollncf.'d when the fresh leaves of the tree were crushed 
between the fingers. Altogether, 582i lbs. of leaves and 
terminal branchlets, cut as for commercial purposes, were 
8ubjf.'cted to steam diqtillation, the aVf.'rage yield of oil 
being 1.5~. A distiJlation made of "suckf.'r" growth 
yielded 2.05% of oil. The principal constitllent'4, which 
havE' so far been identified, were found to be II and y 
terpinene, cymenE' (thesf.' bodies constituted the principal 
terpenic compound), sabinene Y, cineol (about 16-20%), 
A'-terpinenol-4. sesquiterpenes (the principal one of which 
was cadinene) with corresponding Resquiterpene alcohol. 
So far as th(> author is aware this is the first record of 
the- occurrenCE> of y-terpinene- and ..11-terpinenol-4 in an 
Australian essential oil. The determination of the alcohol 
is of special interest, more particularly as it occurs in 
such an oil as that of nutmeg, which tends to show that 
it has some connection with the myristic odour . 

.I1q1B~. 

From the placcs mentioned 58211bs. 'Weight of leaves 
and terminal branchleta yielded, on distillation with steam, 
-erude oils, posaessing the chemical and physical characters, 
.as shown in table:-
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WeIa'ht of Yield 
...., 

":::1. Date. r-utt. paYltt ." ... or 011. 
~ -

ll/8/19J8 Cabramatta, 
Dear S;vdney. 

128lba. 184.% 0'8917 +Uo 

80/1/1928 do. 38lh •• 1'06% 0'8978 +6.80 

I 
4/1/1918 PeakhuJat, do. til-llba. 1'19% 0'8991 +8.8- I 

! 
BefnctiVt 

KIIwr No. KIlter No. 
SolublUt,.. l,bn. lbn.bot ..... P• Remark •. iadulO"O. hot.Mp. ter aoft;piltloa. 

1.4780 ~IOI.IO-"ola. 1'8 68'6 adult leana. I 

i '10% aloohol I 801. O'8-vol., 
80% 

1"'160 801. 10-voll 1'8 82'10 "sucker" 
'10% aloohol growth. 

1"4'1611 iDlOl. 10-vola. 2'6'1 68'28 adultlea.-el. 
'10% aloohol 
801. O·8-vol. 

80% 

On distillation, the crude oils behaved as follows:-

15/8/1922.-950 c.c. at 765 mm. :-20% at 170.180·, 
28% at 180.190", 18% at 190.205°, 8% at 

"205-215°, and 26% residue. 

4/5/1923.-2500 c.c. at 765 mm. :-24% at 160-172°,. 
18% at 172-176°,13% at 176-180°, 11% at 
180.186°, 3% at 186.190°, 2% at 190-195°,. 
8% between 195.203", and 20% above 203° •. 

. ~!r 

I 

Determilnation of Terpene,.-!l!Ile fractions of oila. 
boiling below 190" fr.om both the above consignments were 
treated with 50% resorcin solution until the greater portion: 
of the cineol had been removed (this procedure was very 
laborious, as in the treatment of the second lot of oU over-



400 C.c. of cineol had to be removed). They were then 
repeatedly fractionated at 765 mm. and 20 mm. until the 
following fractions were separated for examination:-

BoiHng Point. . Specific 15 ° Optical Refractive 
QuantIty. Gravity 15 ° • Rotation. Index 20-

15th August, 1922. 
88-65° at 20mm. 5 c.c. 0.8454 inactive 1.4656 
65-700 2Omm. 16c.c. 0.8507 +0.75° 1.4684 
70-72° 20mm. 48c.c. 0.8534 +1.5° 1.4722 

121·75° 20mm. 65 coC. 0.8562 +1.75° 1.4755 
'151·78° 20mm. 122 c.c. 0.8589 +1.75° 1.4769 

4th May, 1923. 
161-165° at 768 Mm. 56 C.c. 0.8470 -3.25° 1.4661 
165-170° 768mm. 50c.c. 0.8478 +0.75° 1.4688 
170-175° 763mm. 122c.c. 0.8514 +1.8° 1.4730 
176-180° 763mm. 426 c.c. 0.8566 +2.25° 1.4748 

Pinene.-A very small quantity of liquid, about 4 c.c. 
of boiling point 156-160° at 768 mm., was isolated from 
one of the low boiling fractions (15/8/1922 lot), and 
.although it possessed a specific gravity ;~: of 0.8501, optical 
rotation -1.2°, and refractive index, 20° 1.4642, 1t readily 
yielded a small quantity of nitrosochloride which on 
purification melted at 86-87°. Although the melting point 
was much under that usually found for pinene (109°), 
yet it was observed several years later when similarly 
examining the oil of Melaleuca alternifolia (see p. 320) that 
the melting point could be raised to 109 0 if sufficient was 
available for repeated purification. 

The foregoing data, coupled with the fact that pinene 
has been definitely proved to be present in the oil of 
Jlel.aleuca alterMfolia, are convincing evidence to the author 
that pinene is an actual constituent of this oil. 

8abmene1-Fraction, 63-65° at 20 min. (15/8/1922) on 
treatment with dry hydrochloric acid in dry ether solution 
gave an excellent yield of dihydrochloride which on 
.crystallisation from ethyl alcohol melted at 52° • 



810 A." "ROIoD. 

Fraction, 161-165° at 763 mm. (4/5/23) possessed all the­
general physical characters for Rabinene and although it . 
yielded a dihydrochloride of melting point 52° yet on 
oxidation by the method of Wallach (Liebig's Annalen 
1908, 3&9, 266) it failed to give any sabinenic acid. Its. 
identity remains unprovl'n for the present .. 

G and y Terpinene.-The fractions of boiling point 
721-75° and 751-78° at 20 mm. (15/8/22) ann also that of 
176-180° at 763 mm. (426 c.c., 4/5/23) appeared to 
represent a distinct terpene inasmuch as they failed to 
yield either a nitrosochloridc>, bromidE' or nitrosite, but gave 
a good yield of dihydrochloride of melting point 53-54°, 
when treated with dry hydrochloric acid in dry ether 
solution. Oxidation, however, by the method of Wallach, 
fully de&eribed in Gildemeif.ter & Hoffmann's "The­
Volatile Oils," Vol. 1, p. 321, re&ulted in its resolution 
into a mixture of a. and y terpinene and cymene. 

One hundred and two C.c. of terpl'ne, fraction 176-1800 

at 763 mm., 420 grams potas~ium permanganate, 168 grams. 
potassium hydroxide, 4800 grams ice and 4800 C.c. water 
were shaken on a shaking machine. When the reaction 
appeared to be completed the mixture was subjected to­
steam distillation and the unchanged terpene, about 20 c.c., . . 
removed .(see under cymene). The manganese oXldl' was 
separated by filtration, and the filtrate evaporated to 
dryness in the presence of carbon dioxide. The residue 
was extracte~ with alcohol, the alcoholic extract evaporated 
to dryness, and this latter residue recrystallised from hot 
water. The crystals which separated wert' dried on a 
porous plate and recrystallihed from 25% alcohOl, when 
a good yield of erythritol C1oH18 (011)" melting point 
237-238 ° resulted. The mother liquor from the erythritol 
was decomposed with dilute sulphuric acid and extracted 
with ethyl acetate. On removal of the solvent a mass of' 



crystals rem~ined, which after pressing on a porous plate 
and recrystallising a number of times from ethyl acetate. 
melted at 189-190D • The crystals, therefore, were ~, AI, 
dihydroxY-A-methyl-CI'-isopropyladipic acid C10H180 .. 
The identity of thp foregoing acid and the erythritol was 
confirmed by molecular weight and combustion results. 
Their h.olation and identifi('ation is concluhive evidence of 
the presence of A and 'Y terpinenp. It will be observed 
that although A terpinenl" wa'i Rhown to be present yet no­
nitrosite could be prepared, which body ill a characteristic 
derivative. That it was not obtainl"d in this instance is 
not unusual, a~ MeMlrll. Schimmel & Co. of Leipzig have on 
many occasions in thpir Semi-annual Reports directed 
attl"ntion to the fact that this derivative was not obtained 
when II tcrpint'ne wa .. prl"sl"nt in admixture with 'Y terpinene 
and ('ym(·ne. 

Cymene.-The 20 C.c. of unchanged terpene resulting­
from the oxidation of 102 C.c. of terpene (see above) was 
a~ain treated with alkaline potassium permanganate 
holution at 0°, and the unoxidiSl"d terpene blown off from 
thp reaction mixture by means of steam. In this way 
11 C.c. of a water-white liquid were obtained possessing the 
following characters:-Boiling point 17;)-177° at 763 mm., 
specific gravity !~~ 0.8633, optically inactive, and refractive 
index, 20°, 1.481:12. On oxidising the hydrocarbon by 
means of hot potassium permanganate (12 grams in 330 
c.c. water) according to the method of Wallach 
(Leibig's Annalen, 1891, 1M, 10), an excellent yield of 
p-hydroxyi&o}lropylbenzoic acid rehulted. On recrystal. 
lisation from ethyl alcohol the crystals mplted at 156J.57° 
(large crystals melted at 157-158°'. The presence of 
p-cymene was thus confirmed. 

Both the lower and higher boiling fractions, even up to 
186°, were founa on examination to consh,t of mixtures 
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of II and y terpinene and cymene, with a small quantiq 
of cineol, in variable proportions. 

It seems remarkable that II and y terpinene and cymene 
should form a constant boiling mixture and behave to aU 
intents and purposes as a separate terpene. 

It is worthy of note that in a paper read before this 
Society on 7th September, 1923 (set' Journal and Proceed· 
ings, VoL LVII., p. 243), entitled "The Essential Oil of 
DtJnJJinia. grtllndi,ftora and the Presence of a New Acetic Acid 
Ester," attention W8B directed to a fraction of boiling point 
174·177° at 763 mm. having a specific gravity ::~ 0.8513, 
optical rotation +2.45°, and refractive index 20° 1.4770. 
It yielded no other derivatives than a dihydrochloride 
melting at 53-54 ° . In VIew of the foregoing results it 
was deemed worth while examining the remalDdl'r of this 
fraction to ascertalD if its composition was simIlar to that 
descrIbed herein. It was, therefore, oxidised in the 
manner descrIbed, and an examination of the requiting 
products showed it to conSIst of a mixture of II and y 

terpinene and cymene. 

Determination of C .. neol.-Over 400 c.c. crude cineol 
were regenerated from the resorcin washing"4 from the 
terpenes obtained trom 2500 c.c. crude oil, 4/5/23. It 
was found, however, to be somewhat Impure, and although 
regenerated several times through the phosphoric acid 
compound the melting point wa'! found to be low, the 
former being only -0.4°. It waf. thought that possibly 
1.4 cineol might be present, but its identity could not be 
established. On passing dry Hel gas through the cineol 
in both acetic and ether solutions only dipentine hydro. 
chloride could be separated, although its melti~int 
was 50·51 0. On admixture with terpinene dihy~ 
thloride the melting point of the mixture was about 40·. 
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It was possible, however, to freeze out a portion of ordinar, 
.cineol in a fair condition of purity. It possessed the 
following characters:-Boiling point 176-177° at 767 mm.., 
melting point +0.5° specific gravity ~~: 0.9281, optically 
inactive, refractive index 20° 1.4579. The iodol compound 
m.elted at 112-113°. 

Detef'f1l4Mtiof. of A'-TerplJlenol-4.-The higher boiling 
portion of both samples of oils, i.e., that distilling above 
1900 , were first washed with 8% caustic soda solution to 
remove traces of phenols, etc., and then repeatedly distilled 
at 10 mm. until the following final fractions were obtained: 

-----
ex Sample, 15/8/1922. 

----- ---
Bolllnr point. I Quantity. Bpecillc Ift"ty Optical I Refractive 

H·· rotation. Indes,lO". 

---- -
98-960 at 10 mm. 89 e.c. 01lM40 + 17-1 b\798 . 
96-980 do 6Occ. 0'9871 + 16·75 ]"4.798 

99-10z0 do. SSe.e. 01)87' + 1860 1"4,81(1 

ex Sample, 4/5/1923. 
--- -

98-96· at 10 mm.1 180 C.c I 0'9M7 I +1"S I 1"796 

I 
I 

- - - --- ----- - ----
All four fractions failed to yield a phenyl urethane when 

tested with phenylisocyanate, and did not solidify whem 
.cooled for some time at _200 • 

N.trosochloride.-On testing in the usual manner for 
this derivative all four fractions yielded small quantities, 
which on purification melted. at 113 0 in some cases and at 
l15-116° in others. Tae writer was inclined to interpret 
these results as showing the alcohol to be contaminated 
with some a-terpineol, but this reasoning failed to hold 
.good when it was found that an authentic specimen of 
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terpinenol-4 kindly furnished by Messrs. Schimmel & 00., 
o~ Miltitz, near Leipzig, yielded a nitrosochloride melting' 
at 115-116°. 

NapthyluretMfI,e.-The alcohol W84;1 found to react very 
readily with napthylisocyanate, and when equal volumes 
of the reagent and the alcohol fractions were brought into 
contat't, combmation walil complete in the course of a few 
days. The derivative wah obtained in beautiful needle­
~haped cry&tals from dilute methyl alcohol solution that 
melted at 104-101',°. A specimen of th~ corresponding 
a-terpineol derivative (ex E. A'UI.traliana oil) which had 
been prepared alongside for purpo&es of comparison melted 
at 144-146°. 

Through the kindnclils of MeSbrs. Bchimmel & Co., we 
were able to compare the alcohol and it'! derivatives with 
an authentic sample from another sourct'. The sample 
thUi. pre&ented had the following characters :-Boiling 
point 92i-94° at 10 mm., specific gravity ~~: 0.9367, optical 
rotation +23.8°, and refractive index (161°) 1.4792. The 
napthylurethane prepared in 8 "imilar manner, as 
defJcribed, and purified from dilute methyl alcohol Holution, 
melted at 104-105°. :\0 depre4;l"ion of mt'lting point was 
observed with a mixture of the napthylurethanes from 
both samples of alcohollil. 

It '!eem.. worthy of mention that no record could be 
found in the .literature regarding either the nitro80-
chlorIde or the napthylurethane of terpinenol-4. The 
latter apparently is a most excellent derivativE" tor the 
identification of this alcohol, and although Messrs. 
Schimmel & Uo. were the first to use and reco*-tend the 
use of napthylisocyanate for identifying alcohols in 
essential oils, they do not appear to have .described the-

18JOVI' mentioned derivative. 
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Glycol (Oxidation to 1-2-4 trioxyterpane) .-Fifty C.Il. 

of the alcohol fraction, 4/5/1923, were mixed with 18 
grams potassium permanganate, 1800 grams water and 
1000 grams ice, and placed on a shaking machine for 
about 30 minutes, when the reaction war. completed. The 
reaction mixture was r,team distilled and the manganese 
oxide removed by filtration. The filtrate wa., evaporated 
to dryne .. '4 in a current of carbon dioxide and the glycol 
in good Yleld extracted from the re&ldue "lth ethyl 
all-ohol. On repeated purificatIOn from a mIXture of 
chloroform and ether, in which it was &paringly soluble 
In the cold but dll>&ol\'E'd on heatmg to bOlhng, it was 
obtained in white rosettes melting at 113-115° :-0.6176 
gram In 10 c.c. absolute ethyl alcohol gave a reading of 
+ 1.42°, [ClP~· = + 23°. 

The identIty of the alcohol as A'-Terpin('nol-4 has been 
definitely determined. • .... 

Determination of Sesqrtiterpetles.-The higher boiling­
portion of thl' crude oil ex 2500 C.c. lot, after removal of 
the alcoholIc fraction, wa'l repeatedly distilled at 10 mm., 
when the following dIstillate'! were obtained:-

- - - - - - - ---- ---
No. Bolllnr point 10 DIm. Quantlt)'. 8pea11lc «"'It). Opt,ca' Refractive 

W ro"'tJon. Ind,a !O" 

-
1 Below 100 4dI 0 c. 09319 + II" 1·48IJ 

2 .. 120 8800. 098011 + UI·26° 1'4881 

8 110-129 66 CC. 0-9878 + 1860 1'5013 

6 lBO-1M 68 o.c. 09!" +1060 160611 

5 185·189 Sloc. 09287 +28'0" 1'1i073 

8 188·180 26o.c • 0-1Ho7~ too d •• k 1''&076 . 
Fractions Nos. 3 to 5 wt're repeatedly rediF.tilled over 

metallic sodium at 10 Dlm., when the following fractions. 
were obtained:-



A. ... nW:rnLD. 

••• BoIUnc poiD' 10 mm.! Qaanlilt7 SpeoItIo IIftYltJ ~~. a.tno&Ift 
U· IndRlII" 

1 Below 111 Illili 0.0. 0'9179 + 11'6· 1'_ 

I 111-1191 lII8 0.0. 0"9886 + 140'66· 1'4991 

8 lao-l840 
1 8150.0. 

&9J4.8 + 1176· l'lIOG6 , 18401·187 6900. &9191 + 14110 J'&0'74 

-

!"ractions Nos. 2 to 4 inclusive were apparently mixtures 
(If sesquiterpenes, as they yielded in each case excellent 
.amounts of hydrochlorides when treated with dry HOI 
gas in dry ether solution. Recrystallised from absolute 
.alcohol, the crystals of dihydrochlorides melted at 
118.5-119° :-0.2170 gram in 10 c.c. chloroform gave a 
reading of -0.8° [ap~· = -36.87°. 

The fractions also gave the usual colour reactions with 
bromine vapour in acetic acid solution and with sulphuric 
acid in acetic anhydride. The foregoing evidence points 
to one of the sesquiterpenes being cadinene or one yielding 
.cadinene dihydrochloride. 

Determination of Sesquiterpene Alcokol.-The grt"eniah. 
.coloured viscous fraction of boiling point 138·160° at 
10 mm. (No.6 sesquiterpene table, p. ), left over after 
removal of sesquiterpenes, was again distilled at 10 mm., 
when the following main distillate was obtained:­
Boiling point 146·160° at 10 mm., specific gravity IS: 

IS 

0.9474, too dark for optical rotation, and refractive index 
mo 1.5074. It was treated with twice its volUJ'JUt of 90% 
formic acid on a boiling water.bath, when water was 
readily removed. The sesquiterpene thus liberated WAI 

separated and distilled several times over metallic sodium. 
'T!e bright pale yellow coloured liq-qid pouessed the 
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following characters :-Boiling point 134-137° at 10 DUD., 

specifics gravity 15/15° 0.9223, optical rotation +12t 

refractive index 20° 1.5100. 

It gave the usual colour reactions mentioned above for 
seaquiterpenes, as well as an excellent yield of dibydro­
chloride of melting point 118.5° :--0.2986 gram of dibydro­
chloride in 10 c.c. chloroform gave a reading of _1.10 ,. 

[C&p~ = -36.85°. 

The sesquiterpene alcohol, therefore, appears to corre­
spond to the principal sesquiterpene resembling cadinene. 

Determination 01 P1tenolic Body.-The portion of oU 
distilling above 203 0 at 765 mm. ex 2500 C.Co lot, which 
bad been washed with 8% sodium hydroxide solution, was 
repeatedly treated with ether to remove traces of dissolved 
oil. The alkaline liquor was treated with dilute sulphuric 
aCId, and the liberated phenol and free acid taken up in 
ether, from which the latter was removed by means of 
sodium bicarbonate solution. About 1 gram of crude­
phenol was obtained from the ethereal solution. It had 
a refractIve index of 1.5050° at 20°, and gave a dirty 
brown colouratlOn with ferric chloride in alcoholic solution. 
It closely resembled in odour and general characters a 
phenol of the tasmanol-Ieptospermol series. 

In conclusion, my thanks are due to the following:­
Messrs. Schimmel & Co., of Miltitz, for kindly furnishing 
the authentic sample of Terpinenol-4; Mr. F. R. Morrison,. 
.A.8.T.C., A.A..C.I., Assistant Economic Chemist, for much 
assistance in the investigations; and Mr. F. 0 'Donnell, 
Laboratory Assistant, for the preliminary fraction.al dis­
tillations of the crude oils and for the laborious work of 
extraetlnr the comparatively large quantity of cineor b1 
~eans of resorcin solution from the numerous terpen& 
fractions. 
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MELALEUCA ALTERNIJ!OLIA (CHEEL). 

This tree, whilst bearing a superficial resemblance to 
M. linan.i/olia, is undoubtedly distinct, although it 
pOSIil'SSI'& an identical habitat. It is quite common in 
the North Coast district of New South Wales, being 
especially abundant at Copmanhurst (20 miles from 
Grafton), on the Clarence River. It was formerly 
classified as a variety of M. linam/olio, but has recently 
been raised to specific rank by E. Chel"l (see this 
Journal, Vol. LVIII. (1924), pp. 189/197). The writer 
made a careful field inspection of this tree in May, 1924, 
and is able to confirm Mr. Chl"el's contention that it is 
quite distinct and worthy of specifil' rank. Curioulily 
enough, the essential oil is practically identical with that 
from M. linarii/oiia. 

The Essenttal Od. 

The eS'lential oils from two conbig»ment II were of a pale 
lemon tint with a pleasant terpenic and myristic odour. 
Altogether 644lbs. weIght of leaves and terminal 
branchlets, cut as for commercial purposes, were procured 
from Copmanhuro;;t through the courtesy of Mr. II. R. 
Lyons, Forest Guard at Grafton, and on distillation 
yielded 1.8% of ou. The principal constituents, which 
have so far \leen identified, were found to be d-a-pinene, 

<CI and 'Y terpinene, cymene (these bodies constituted the 
principal "terpene"), cineol (about 6-8%), A'-Terpinenol-
4, sesquiterpenes (the principal One of which was 
-eadinene), with corresponding hesquiterpene alcohol. 

Ea;perimentaZ. 

From Copmanhurst 6f4lbs. weight of leaves aJld 
branehlets yielded on distillation with steam, erude oila, 
pGSSeSsing the chemical and physical charao1lers, as shown 
.itl table:-



W .... Uf ~ r:l .... ,._aV • YI.lclol 011 .... riV IeiftL H" -
SI/S/I9M Ooplllallhunt. 610 lbl. J 88% 0"8961 + 'NI' 

N.S.W. 

19/1/1815 ditto. 1240 Ib1. 1'76% 0"8958 + 6'S" 

Bater No. ElterNo Refnatl"1a4a 110". 8olalnllV· 1t holU'll holi up hot. uf.i 
alter aoet, &1._. 

- - ---
1'4,781 illlOluble in 887 79'86 

10 ~o ... 70%. 
101uble in 0 8 vol. 

80% alcohol. 

1"790 ditto. '186 886' 

--- ------ - ------
On distillation, the crude otIs behaved as follows:-
22/8/1924.-2500 c.c. at 770 mm. :-42% at 160.180°, 

18% at 180.190°, 18% at 190.205°, and 
22% residue. 

19/2/1925.-400 c.c. at 20·10 mm. '-2% at 65.73 0 

(20 mm.), 40% at 73·90° (20 mm.), 36% 
at 80·99° (10 mm.), 13% ..It 100-128° 
(10 mm.), and 9% resldue. 

Determilnaticm of Terpenes.-The fractlOns of 011 boiling 
below 1900 from consIgnment, 22/8/1924, were treated 
several times with 50% rellOrcin solution until the cIneol 
had been removed. They were then repeatedly fraction· 
ated over metallic sodium at 768 mm. until the following 
tractions were separated for examination:-

I No. aownc poIat I QIWIA"'18pt01Writ~ Optla.l. Befnotl" I ro&aRaa. 'ndalO". 
-- -- -

1 167·161 '10.0. 0_ + 18"()O" 1'41859 
1 181·166 Ie c.c. 0811. + U'Bo I-t681 
8 166-1'0 8800. 0"8lI08 + 7·r 1'4.'780 , 170.178 Mo.o. 081508 • + "80 1"'4.1 
I 1'8-180 4085 00. 0".11 + .'160 1"766 
6 180-186 J86 00 &8661 +1'So 1"7&7 
't lRe-lflO 1'1001.' 08819 + 11'20 1"771 
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a-a-pinBM.-Fraction 157.161° on treatment with 8.lD)"1 
nitrite and acetic·hydrochloric acid at _200 readily 
yielded a nitrosochloride which on reerystallisation melted 
at 91" (see under M. linarii/olia, p. 309). On repeated 
recrystallisation from methyl alcohol and chloroform the 
melting point was finally raised to 1090 • In order to 
confirm the presence of pinene the nitrosoehloride wu 
treated with benzylamine in ethyl alcohol solution, and 
the nitrobenzylamine separated and purified. It melted 
at 122.1230 • The presence of pinene was, therefore, 
definitely proved. The lower boiling terpene fractions 
possessing a dextro-rotation contained variable quantities 
of this terpene. 

Practions 161·165° and 165.1700 .-These fractions OD. 

oxidation by the method described under M. Zi.nariifoli4, 
p. 310, were found to consist essentially of (I and y terpinene 
with cymene and a little cineoL 

Fraction. 176.180°, 495 c.c.-This fraction, the largest 
of the terpenes, was oxidiaed according to the procedure 
described on page 310, using 85 C.c. of the terpene fraction, 
350 grams potassium permanganate, 140 grams caustic 
potash, 4000 grams ice and 4000 c.c. water. The crystals 
of erythritol whicl1 were separated and purified melted 
at 238.239~. The mother liquor from the erythritol wu 
decomposed and the liberated acid extracted with ethyl 
acetate and purified from the same solvent. The crystals 
of (I, (II dihydrox1-methyl-a-isopropyladipic acid thus 
obtained melted at 188.189°. G and "I terpinene were 
thus identified as the main constituents of this terpene 
fraction. 

Of/mene.-From the foregoing oxidation 21 C.c. un. 
changed terpene were obtained by stea. distillation of 
the reaction minure. This was again treated with the 



alkaline potauium permanganate solution at 0", and the 
unoxidised terpene blown off by means of steam. Ira 
this way 9 C.c. of a water-white liquid was obtained, which 
on distillation over metallic sodium at 768 mm. gave the 
following:-Boiling point 175.177°, specific gravity !~: 

0.8698, optically inactive, refractive index 20° 1.48'75. 
On oxidising the hydrocarbon by means of hot potassium 
permanganate, an excellent yield of p.hydroxyisopropyl. 
benzoic acid resulted, which on recrystallisation from 
ethyl alcohol melted at 156-1570 • 

Preparation of hydrochlfJNde ex fraction 176.180".-
12.5 C.c. of terpene were dissolved in 30 C.c. dry ether and 
the mixture saturated with dry Hel gas at _200 • On 
removal of the solvent the whole crystallised. The crystals 
were separated and dried on a porous plate. On crystal. 
lisation from alcohol they melted at 53.54°. 

Fraction 180·186° , 234 c.o.--On redistillation this 
fraction yielded 135 C.c., distilling at 179.181° at 765 mm., 
possessing the following constants :-Specidc gravity;:: 
0.8606, optical rotatIon +2.2°, and refractive index 20° 
1.4759. The dihydrochloride prepared as described above 
melted at 53 0 .53.5"; 45 C.c. oxidised with alkaline potas­
sium permanganate as described above was found to 
contain 32.5 C.c. G and y terpinene, 6.5 c.c. cineol and 
6 c.c. cymene. 

Determinati&n. of Cineol.-Over 150 c.c. crude cineol 
were removed from the terpene fractions by means of 
50% resorcin solution; this is equivalent to about 6-8%. 
After liberation from the resorcin solution by steam 
distillation it was twice regenerated through the ph08pJ19ric 
acid compound and distilled over 'metallic sodium at 
768 mm., when the colourless liquid thus obtained 
pouesaed the following characters :-Boiling point 
175·177° melting point -0.4 0 , specific sravity :: 

11-.~4," 
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0.9252, optical rotation +0.15°, and refractive index 20° 
1.4:590. Here agam it was considered that possibly some 
1-4 cineol might be present to account for the low specific 
gravity and melting point, but the hydrochloride prepared 
by pl,lllsing dry HOI gas into both the acetic acid and dry 
ethereal solutions yielded dipentine dihydrochloride, 
melting point 50.510 • 

Determinatio-n of a'.Terpinenol.4.-Repeated fractional 
distillation at 10 mm. of that portion of the oil boiling above 
1900 at 768 mm. (after first washing with 8ro sodium 
hydroxide solution) resulted in the following fractions:-

Quantity ............ .. 
Boiling point, 10 mm. .• •• •• 
S ifi 't IS· pee C graVI Y IS. •• •• •• •• 

Optical rotation •. .• •. .• •• 
Refractive Index 20° •. • ••. 

1. 2. 
196 CC. 

93·96° 
0.9371 

+17.55 0 

1.4781 

52 C.c. 
97·102· 
0.9368 

+16.3° 
1.4806 

Both fractions failed to yield a solid phenylurethane 
when tested with phenylisocyanate, and did not solidify 
when cooled to -20°. 

Nitrosookloride.-Both fractions when treated according 
to the method of Wallach (see G. & H. "The Volatile 
Oils," Vol. 1, pp. 379/80) yielded nitrosochlorides melting 
at 115·116° (see M. linariifolia, p. 313). 

O:c1datio-n .to 1-2.4-trio:tyterpane.-50 c.c. alcohol frac· 
tion, No.1, 36 grams potassium permanganate, 3600 c.c. 
water and 2000 grams ice were treated according to the 
procedure described under M. linam/olia, p. 315. The 
glycol, on repeated purification from a mixture of ethel' 
and chloroform, melted at 112·115° :-0.4322 gram in 
absolute ethyl alcohol gave a reading of + 0.8°, [G]~r 

+ 18.5°. 

Napt1ty1Mret1&Mae.-When equal volumes of both frac­
tions of the alcohol were treated with equal volumes of 
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llapthyli80cyanate respectively they reacted completely in 
the course of a few days. The respective derivatives 
were separated and purified from dilute methyl alcohol, 
when they melted at 104.5°-105.5°. No depression of 
melting point was observed when mixed with the napthyl­
urethane of ,6,1-terpinenol-4 received from Messrs. 
Schimmel & Co. 

The alcohol present in this oil has thus been proved to 
be identical with A~-terpinenol-4. 

Determvnation of Sesquiferpenes.-The higher boiling 
portion of the crude oil examined boiling above 1200 at 
10 mm. was repeatedly distilled at the same pressure until 
the following fractions consisting of pale yellow coloured 
liquids were obtained. They were purified finally over 
metallic sodlum:-

- - -
Bollin, POIh~ 10 mm. Quantl~ ISpeadlO ,"",YI~' Optwal Ref_tlve 

tiD .. rota&lOD. ladell: lIO" 

-
111-119 30 C.C. 0'9165 +9'6· 1'4966 

130-188 66c.c. 0'9166 + 11'78- 1'5046 

1840-188 25 c.c. 0'98'5 + 140'56" 1'11067 

All three fractions when treated With dry HCI. gas in 
dry ether solution gave good yields of dihydroohlorides 
melting at 118-119°; 0.1458 gram in 10 c.c. chloroform 
.gave a readin.g of -0.76°, [CI]~· = --51.4°. 

The fractions also gave the usual colour reactions with 
bromine vapour in acetic acid solution and sulphuric acid 
in acetic anhydride. The foregoing evidence points to 
one of the sesquiterpeneB being eadinene or one yieldiq 
adine.ne dihydroehloride.· 
D,t.~~ of SB8q",iI,rpen. Alcoh.ot.-The residue 

left over after the removal of the sesquiterpenes by frae­
tienal distillation was distilled at 5 mm., when the follow-



iDs somewhat viscous and dark coloured liquid was. 
obta.ined :-Boiling point 131-138° at 6 mm., speeiAct 
gravity::: 0.9608, optical rotation +6.8 0, and refractivtt 

index 20° 1.6046. It was treated with twice its volume 
of 90% fornuc acid on a boiling water-bath, when water 
was readily removed. The sesquiterpene thus obtained 
was distilled several times over metallic sodIum, when 
13 C.c. of a pale lemon yellow coloured liquid was obtained. 
It possessed boiling point 134-1380 at 10 mm., specUle 
gravity:;: 0.9216, optical rotation --4.60 , and refractive 
index 200 1.5076. It gave the usual colour reactions 
mentioned for sesquiterpenes, as well as an excellent yield 
of dihydrochloride of melting point 118.50 • The 
sesquiterpene alcohol appears to be the corresponding one 
to the prlDcipal sesqulterpene, cadmene. 

Determination of Phenolic Constituent (from 2,500 c.c. 
crude oil) .-The portIon of oil boiling above 1900 at 77() 
mm. which had been treated wIth 8% sodium hydrOXIde­
solution, was washed a number of times WIth ether to 
remove traces of dissolved 011. The alkaline liquor on 
treatment with dIlute sulphuric acid and extraction with 
ether YIelded 0.5934 gram of a crude phenolic body, which 
gave an indistinct brownish green colourabon WIth ferric 
chloride In alcoholic solution. 

My thankS are due to the following:-Mr 3. R. Lyons, 
Forest Guard, Grafton (Forestry Commission of New 
South Wales), .for his kIndness in arrangIng for the col­
lection of the whole of the material examined from 
Copmanhurst j Mr. F. R. Motrison, A.s.Il'.n., A.A..O.L,. 

Assistant Economic Chemist, for much assistance in the 
investigation j and Mr. F. 0 'Donaell, L.ratory Assiata:nt, 
for the preliminary fractional distilla.tion of the crude oil 
(22/8/24) and for the extraction of the cineol from the 
various terpene fractions. 



NOTE ON THE EARTHQUAKES AT MURRUMBATE­

MAN DURING MARCH AND APRIL, 1924, AND 

JANUARY TO APRIL, 1925. 

By LEO. A. CoTTON, M.A.,D.sc., 

Professor of Geology, University of Sydney. 

(With Map.) 

(Read brlare the Roytll SOCIety 01 New South Woles, NOfJ. 4, 1925.) 

The district lying to the south~ast of Yass and extend­
ing southward to the northern border of Victoria is one 
-of the most unstable areas of continental Australia. A 
-considerable number of earthquakes and earth tremors 
have been recorded from this area, but there is no record 
of so many shocks occurring in so short a time as those 
recently experienced during March and April of 1924. 
Altogether, nine or ten shocks were recorded from tht' 7th 
March to 26th April inclusive. 

I am indebted to many residents of the distrIct for 
information, and particularly to MT. A. J. Shearsby of 
Yass, who has kindly supplied me with all the information 
"Which he was able to obtain as the result of his per80n~ 
-enqUIrIes throughout the district. 

The most disturbed Centre was in the immediate 
-vicinity of the town of Murrumbateman, which lies about 
12 miles to the south-east of Yass. A list of the 
~arthquakes recorded is as follows:-
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Year 1924. 

No. 1 Friday, 7th March, at 9.45 a.m . 
.. 2 Saturday,8th March, at 4.30 p.m. 
.. 3 Wednesday, 19th March, at 8.45 a.m. 
.. 4 Monday, 24th March, at 10.30 p.m. 
.. 5 Wednesday, 28th March, at 5 p.m. 
.. 6 Tuesday, 1st April, at 11.5 p.m. 
.. 7 Wednesday, 2nd April, at 4.20 a.m. 
.. 8 Tuesday, 15th April, at 9 80 p.m. 
.. 9 Friday, 25th April, at 6 p.m • 
.. 10 Saturday, 26th April, at 12.5 a.m. 

Year 1925. 

No. 11 January 15th, at 9.20 p.m. 
.. 12 February 18th, at 9.30 a.m . 
.. 13 March 15th, at 6.0 p.m. 
.. 14 March 31st, at 8.0 p.m . 
.. 15 April 1st, at 3.30 a.m. 

The firri earlhquake was by far the most severe, and was 
felt over a considerable area, as indicated by the accom­
panying map showing the position of the isoseismals. At 
the town of Murrumbateman the shock was exceptionally 
severe; articles were thrown down from shelves, and the. 
plaster fell in several houses, being thrown right across the 
rOom from the north west wall to the south east in one 
case. The ground was observed to heave and wave, and 
fences and-trees rocked perceptibly. A 1,OOO-gallon-water­
tank swayed in an alarming manner. A study of the 
accompanying map showing the isoseismals presents some 
mteresting features. The isoseismals are elongated in two­
directions, and this suggests that the earth movement took 
place along two intersecting faults, one ha"ri!ll a north· 
south and the other an east-west trend. 

Tke second earthquake was also molt pronounced at 
Murrumbateman, w~re water was thrown over the top of 
a tank as the result of the shock. 



The third .earlkquake was felt slightly at Murrumbate­
man, Y &ss, and Cook's Hill, which is about 10 miles north 
of Yass. It was felt more severely at Gunning, where it 
was stronger than the first earthquake of 7th March. 

The fourlh earthq'U4ke was felt by several persons at 
Murrumbateman. 

The flfth earthquake was felt only at Murrumbateman. 

The mth eartkquake was felt both at Yass and 
Murrumbateman. 

The seventh earthq'U4ke was recorded at Yass by one 
observer only, who was awakened by the movement. This 
must be regarded as doubtful. 

The eighth earthquake was reported from Murrumbate­
man and Naruma, a few miles distant. 

The mnth and tenth earthq'U4kes were reported only 
from Murrumbateman. 

The eleventh earthquake was felt by a number of persons 
in the vicinity of Wee Jasper. 

The twelfth earthquake was a slight shock reported only 
from Murrumbateman. 

The thirteenth earthquake was felt at Murrumbateman, 
Bungendore and Braidwood, being most severe at the latter 
town. 

The fourleenth earthquake was felt at Murrumbateman, 
where it dislodged plaster from a ceiling. 

The fifteenth earthquake was felt at Murrumbateman, 
where it awakened many people. . 

The features of special interest in connt'ction with these 
earthquakes are the frequency with which they occurred 
during the two months of March and April; and the 
peculiar form of the isoseismals of the earthauake of 7th 
Karch, 1924. 
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THE IDENTIFICATION OF THE PRINCIPAL 
IRONBARKS AND ALLIED WOODS. 

By M. B. WELCH, B.Sc. 

(With Plates XV-XVI and Text Figures.) 

(Read beftwe 1M Royol Socltty of New Sou,I" Wolts. NOfI. 4. 1925.) 

Certain Eucalypts possessing a hard, rough, deeply 
'furrowed bark are called Ironbarks. The timbers of some 
species possess great strength and durability, and are un­
.a.oubtedly among our most valuable hardwoods for 
.constructional purposes. Altogether about twenty species 
fall into the class Bcknop1r1oim or Ironbarks, but of these 
the most important are E. paMeulata, Sm., Grey or White 
Ironbark; E. crebra, F.v.M., Narrow-leaved Ironbark; E. 
Meropkloia, Benth., Broad-leaved Ironbark j E. sideroxy­
[on., A. Cunn., Red-flowering Ironbark or Mugga. 

Two species of whIch the wood is frequently confused 
'With that of the Ironbarks are E. punctata, D.C., and E. 
propinqua, Deane & Maiden; both trees have smooth barks 
and are known as Grey Gum. It ir" often a very difficult 
matter to identify the woods of these two groups with 
certamty, and it is, therefore, proposed to describt> their 
structure in some detail. 

R. T. Baker- described the anatomical characters of four 
Ironbarks, namely, E. pa1lirulata, Sm.; E . .1!erg1tsoni. 
R.T.B.; E. NOIngZei, R.'!'.B., E. Beyeri, R.T.B. j the l,{tter 
three being species allied to, and often mistaken for, E. 
pank'ulata.. 

• R. T. Baker, Some lronbarka of N.S.W., Vol Ii, Thia 
Journal, p. 410, 1917. 
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It is very diftlcult to separate the woods on general 
external characters, although those constantly handling­
the timbers undoubtedly become very expert at their 
identification. A. very useful list of tests which can be­
used to discriminate between the Grey Gum and Ironbark 
groups is given in a bulletin issued by the New South 
Wales' Forestry Department.- Owing to variation which 
undoubtedly occurs in the weight, hardness, closeness of 
texture, and even to some extent in the colour, exceptions 
ofter occur to the general rules, which make the problem 
by no means an easy one. One test often quoted is 
the tenacity in breaking of a slivt'r of the wood, 
Grey Gum being said to be more brittle than the Iron­
barks. This does not always hold, however (although E. 
ptmtculata is in general tougher than the other woods), 
and is quite unreliable. Similarly" interlocked grain" is 
not a constant character, although some woods are more 
prone to this feature than others. One of the most reliable 
indications is probably the presence of concentric "gum 
veins" in the wood of the Grey Gums, whereas they 
apparently do not occur in the wood of the Ironbarks. 
Although gum pockets may occur in the latter group, kino' 
is usually confined to the bark, in this respect differing 
from practiC!'lly ali other Eucalypts. It should be noted, 
however, that gum veins are frequently absent from the 
timber of Grey Gum. The end checking of logs is often 
a useful indication, since Grey Gum normally splits 
radially, whereas Ironbark usually has small radial and 
concentric checks, breaking up the end surfaee into­
irregular squares. 

A method of separation of the two groups which is some­
times mentioned depends on a supposed constant variation 

• • P. J. Drew. Identiftcation of Timber8, Bull. No.7, Dept. of 
Fore8try, N.S. Wale., 1914. 
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in their densities; thus a chip of Grey Gum is said to float, 
whereas the Ironbark sinks. The variation of the specUla 
gravity in any one species renders such methods absolutely 
unreliable, and also misleading. 

The principal macroscopic and microscopic features of 
the woods are given in the following descriptions:-

E. PANIOULATA, Sm. 
White or Grey Ironbark. 

A large forest tree found in the coast districts of New 
South Wales and Queensland. The wood is pale to 
brownish in colour, sometimes pinkish, moderately open 
textured, very heavy; weight per cubic foot 62-72 lbs. 
Hardness = Very hard. 

Macroscopical characters.-Pores of medium size, easily 
seen with the naked eye, usually in oblique rows, more 
crowded at intervals, this constituting the only indication 
of growth rings. Soft tissue not apparent. Rays invisible 
on end section without pocket lens, more prominent on a 
radial face, being somewhat darker than the ground tissue. 

Microscopical characters.-Pores usually single, often in 
obbque rows of 2-4; single pores elliptical; radIal diameter 
75-180".; mean 130".; tangential diameter 35-95p., mean 80".; 
vessel segments 100-4001' in length; walls 5-7".; lateral pits 
not crowded, slit like, border often indistinct, circular or 
almost so, pits in contact with ray cells larger, irregular in 
shape, simple; end perforation simple; end wall transverse 
or slightly oblique; tyloses invariably present; average 
number per sq. mm., 16. 

Wood :fibres very thick walled, in Iladial rows, average 
diameter 15".; lumen often reduced to 11' ; length 
600-1,5001'; pitting slit like, definitely bordered and there­
fore corresponding to ftbre-tracheids. Gradations occur 
from the :fibre-tracheids to moderately thin walled 



- ............. 
tracheids, which are irregular in shape, often blunt ended 
and measuring up to 700" in length by IS" in diameter; 
pitting crowded, bordered. Tracheids usually occur only 
in close proximity to the vessels. 

Wood parenchyma diffuse or principally vasicentric, not 
abundant and less than in any other species, cells usually 
with dark contents. Chambered crystal parenchyma 
present. 

Rays usually uniseriate, 1-14 cells in height; very rarely 
biseriate, and measuring up to 275" in height and 12" in 
width; cells moderately thick walled; usually with light 
greenish coloured amorphous contents, often with a ten. 
dency to become heterogeneous; 10-13 per mm. of tram.· 
verse section. Smouldt'rs to fawn·coloured ahh, with little 
unburnt carbon-. Alcoholic extract pale yellow to yellow, 
no turbidity on adding water, no fiuore&cence. Aqueous 
extract yellow to brown, clear; bluish colouration with 
ferrous sulphate; slight precipitate with lead acetate. 

E. C'REBRA, F.v.M. 
Narrow·leaved Ironbark. 

A large forest tree found in the coast and part of the 
western districts 'of New South Wales, extending into 
Queensland 'and the Northern Territory. The wood is red 
in colour, often interlocked in grain, often modt'rately 
close in textu~e; Vt'ry heavy, weight per cubic foot = 
63·70 lbs. Hardness = Very hard. 

MacroscO'pU)(il cWacters.-Poreflo of small to medium 
size, easily seen with the naked eye, usually single, some· 
times occurring in oblique rows; growth rings defined by 

'" It is interesting to note that E. BI!'J'en, E. FergtUOfM and 
• E. N angles smoulder to a fawn ash, but leave a certain amount 

of unbumt carbon, especially in the latter case. 
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the crowding of the pores in concentric unevenly spaced 
zones. Soft tissue not visible. Rays very fine, only visible 
on end section with lens, but easily visible on a radial 
surface, of very little difference in colour to surrounding 
tissue, not seen on a tangential section. 

Microscopical characters.-Pores usually single, often in 
pairs, obliquely or radially arranged, single pores 
elliptical; radIal dIameter 35-2001'; mean 1201'; tangential 
diameter 25-1251', mean 901'; vessel segments 200-500,,; 
walls 5-7,,; lateral pits narrow, elliptical or slit-like, 
borders circular or elliptical, ray pits irregularly elliptical, 
simple; end walls almost transverse or slightly oblique; end 
perforation always simple; tyloses practically always 
present in heartwood, not in sapwood; pores often filled 
WIth dark amorphous phlobaphene-hke body; number per 
sq. mm., 13-24. Wood fibres thick walled, in radial rows; 
average diameter 151', lumen very small, of tell reduced to 
1,,; length 600-1,3501', PIts slit-hke, bOTdered. Gradations 
occur between the fibre-tracheids which constitute the bulk 
of the wood and tracheids, the latter measuring up to 600", 
in length and 30" in diameter, with numerous bordered 
pits, or sImple In contact with ray cells. Wood parenchyma 
not abundant, diffuse or vasIcentric, cells usually with 
dark contents. Rays uniseriate or biseriate; uniseriate 
rays 2-14 cells in height, biseriate rays up to 450" in 
height and 25" in width; outer cells often somewhat irregu­
lar in shape, and deeper than middle cells; 11-14 per mm. 
of transverse section. Usually does not smoulder, all 
unburnt carbon, or sometimes with )ittle ash. Alco:6.olio 
extract orange yellow; slight turbidity on adding water, no 
:8.uorescenoe. Aqueous extract yellow to brown, turbid; 
blue with ferrous sulphate; slight to heavy precipitate with. 
lead acetate. 
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E. SIDEBOPBLOIA, Benth. 
Broad-leaved Ironbark. 

A large forest tree found on the coast and portion of the 
interior of New South Wales and Queensland. Wood, red 
in colour, often somewhat open in texture; grain often 
interlocked; very heavy, weight per cubic foot = 65-73 
lbs. Hardness = Very hard. 

Macroscopical characters.-Pores small to medium in size, 
,easily seen with the naked eye, usually single, often in 
irregularly oblique rows, crowded into lighter coloured 
concentric zones corresponding to growth rings. No soft 
tissue apparent. Rays very fine, not visible on end or 
tangential sections without lens, visible radially without 
.difficulty, being darker than ground tissue. 

MicroscopICal characters.-Pores usually single, occasion­
ally in pairs, very variable 1D size and unevenly distri­
buted; single pores usually elliptical, though often circular; 
.radial diameter 55-180"" mean 110", ; tangential diameter 
40-125"" mean 90",; ve'lsel segments 300-450"" walls very 
thick, 6-10",; lateral pits in contact WIth tracheids, wood 
parenchyma and intravascular pits crowded, elliptical or' 
slit-like, borders circular or elliptical, ray pits large, 
irregular ,rounded, simple; end perforation always simple; 
.end wall transverse or slightly oblique; end projection 
short; tyloses usually present, cells often with brownish 
clear amorplIous contents; number per sq. mm., 12-18. 
Wood ftbrea very thick walled in radial rows; mean 
diameter 15"" lumen often reduced to 2",; length 
-650-1,300",; pits usually slit-like, very d.eftnitely bordered. 
Transition stages occur from these ftbre-tracheids to irregu­
larly shaped, often blunt ended tracheids with numerous 
bordered pits, simple in contact with rays; measuring up 
to 750", in length and 18-35", in diameter, 
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Wood parenchyma not abundant, diffuse or vasicentric; 
-oeUs often with amorphous brown contents. Rays uni­
'Seriate or biseriate; uniseriate rays 2-18 cells in height; 
biseriate rays up to 25p. in width and 350p. in height, with 
a tendency to become heterogeneous, outer cells usuaUy 
deeper; cells with reddish brown amorphous or granular 
contents. 

Burns without smouldering, all unburnt carbon. 

Alcoholic extract orang(' yellow; turbidity on adding 
water, no fluorescence. Aqueous extract yellow to light 
brown, turbid; bluish colouration with ferrous sulphate; 
very slight precipatate with lead al!etate. 

E. SIDEROXYLON, A. Cunn. 
Mugga, Red-flowering Ironbark. 

A large forest tree with an exceptionally furrowed bark, 
found over a large area of NeLSouth Wales, Victoria and 
Queensland. Wood, reddish in colour, moderately open in 
texture, often with an interlocked grain; very heavy; 
weight per cubic foot, 60-70 lbs. Hardness = Very hard. 

Macroscopical characters.-Pores small to medium in 
size, easily visible with the naked eye, single or often in 
oblique irregular rows, more crowded in portion of growth 
ring. No soft tissue apparent. Rays not visible on end or 
tangential section without lens, but easily seen on a radial 
surface, being darker in colour than the surrounding tissue. 

Microscopical characters.-Pores usually single, rarely in 
pairs, obliquely or radially distributed; very variable in 
size and unevenly distributed; single pores elliptical, rarely 
oircular; radial diameter 55-190p., mean 125p.; tange1l.tial 
diameter 40-150p., meah 110p.; vessei segments 150-350p., 
walls 6-8p.; lateral pits crowded, more or less slit-like in 
oontact with vertical wood elements, with circular or ellip­
tical borders; large and simple in contact with ray cen.; 
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end perforation simple; end walls trauverae or slightlT 
oblique; end projection wanting or B1D8ll; tyloses &bun .. 
dant; number per sq. mm. 11-16. Wood fibres in :radial 
rows, very thick walled; average diameter 14", lumen often 
reduoed to 2" i length 600-1,400,," Transition stages occur 
to heavily pltted trachelds measuring up to 700" in length 
and 18" In dlameter. Wood parenchyma with tendency to 
form zones, dl1fuse or vasicentric; cells with dark amor­
phous contents. Rays mostly biserlate, up to 350" in height 
and 37" in width, but rarely exceeding 25,,; uniseriate rays 
1-6 cells lD helght, cellI. WIth brown amorphous contents; 
rays often tend to become heterogeneous; 11-15 per mm. 
of transverse section. 

Burns WIthout smouldering, all unburnt carbon. 

Alcoholic extract orange red; slight turbidity on adding 
water, no fiuorescence. Aqueous extract brown, turbid; 
bluish colouration with ferrous sulphate; slight precipitate 
WIth lead acetate. 

E. PUNCTATA, DC. 
Grey Gum. 

A large forest tree found lD the coastal dlstricts of New 
South Wales and Southern Queensland. The wood is 
reddish in colour, moderately close in texture, often inter-

• locked in, gralD and very heavy. Weight per cubic foot, 
61-65Ibs. Hardness = Hard. 

Macroscopical o1wracters.-Pores usually medium in 
slze, easily seen with the naked eye, more crowded at inter­
vals, often in oblique rows. Soft tissue not visible. Rays 
on end section often visible with naked eye as very fine 
lines, visible with difficulty on a tangential surface, readil1 
seen on radial sections; darker in colour than ground tissue. 

MiorolOOpioat characters.-Pores usually single, very 
rarely in pairs, very variable in size and uneven in distri-
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bmon j single pores umally elliptieal j radial diameter 
tiO-2'70", mean 180" j tangential diameter 50-155p., mean 
120,,; vessel segments 240-500,,; walls 4-6" j lateral pitting 
in contact with vertical elements crowded, slit.like j borders 

b 

Fig. 1. 
CI~Veuel .. meot.6. ~ sbowing & few Ilmple 

eDcl bordered pita Ie ao. b= .... l ... eot, 6. ridwophlo.., 
pittiD, DohhoWD, Ie ao. c - veuel .. meDt 6. CIt'dbra, 
IhowiDg. few of the pi_, )( 1'0. The v8llJ8ll abow tile 
IbapII eod perforatioD _. the obliqll8 or &lmOlt tnn.v_ 
end walls • 

• -X_ber'. ltllll 
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eiroular or elliptioal; ray pita rounded, simple; 8I1d PH­
!oration simple; end walls slightly oblique or tr&nn'e1'll; 
end projection small or wantiDg; tyloses ~ present;. 
10-20 per sq. mm. Wood Abres thick walled, in radial 
rows; mean diameter 14", lumen often reduced to 2,.; 
length 750-1,400,...; pita slit-like, bordered. TransitioDJ. 
occur to tracheids with numerous pits, usually bordered, 
except in contact with rays, and measuring up to 900,... in 
length and 30,... in diameter. Wood parenchyma abundant, 
diffuse or vasicentric, often crowded into zones; cell& 
usually with dark contents. Rays usually biseriate, of teD 
triseriate, up to 3751' in height and 45,... in width; uniseriate 
rays 1-15 cells in height, cells with brown amorphous or 
granular contents; 8-12 per mm. of transverse section. 

Burns without smoulderiilg, all unburnt carbon. 

Alcoholic extract orange to orange red; no turbidity on 
adding water, no fluorescence. Aqueous extract yellow to 
reddish brown, turbid; bluish green to green with ferroua 
sulphate, heavy precipitate with lead acetate. 

E. PBOPINQUA, Deane & Maiden. 
Small-fruited Grey Gum. 

A very large forest tree found on the coastal district of 
northern New Semth Wales and Queensland. The wood ia. 
reddish iJi colour, moderately close in texture, often inter­
locked in grain and very heavy. Weight per cubic foot, 
61-70 lbs. Hardness = Hard. 

Macroscopical o1uJraoters.-Pores small to medium in 
size, easily seen with the naked eye, more crowded at inter­
vals, corresponding to growth rings, often in oblique rows. 
Soft tiaue not vislole. Bays not seen on end or 
tangential sectiODS without the assistaace of a lent, but 
easiq seen 011. a radial surface, being darker thaD. the 
ground tissue. 



Jltorotc~ o1uwacfBrB.-POrea 'D8U&1ly single, but 
often in pairs obliquely or radially arranged, 'Very 
'Variable in size, distribution UDeven; sinrle pores ellip­
tical; radial diameter 35-320", mean 1601'; tangential 

t 
0., b. 

Fig. 2 • 
.. 6 and c - Portionl of wood fibres (fibre-tracheidl), 

showing bordered pita. E. ptmiculat.. x 6'0. tl - inter-. 
mediate stage between woo_d fibre and tracheid. B. fHMl~ 
x 6~0. II - traoheid. 11. ore6rG, )( 130. J = portion of 
traobeid (II), Ihowing pitting. 11. rirta, )( 6'0. g = 
traobeid, B. ftitropAltM, showing aimple and bordered pifla, 
Ie 360. 



......... 
diameter 37-200"., mean 125,..; vessel segments 300-650,..; 
walls 4-6,.. i lateral pits in contact with vertical elements 
crowded, border elliptical or circular i simple, l"Ounded in 
contact with ray cells; end perforation simple; end walls 
transverse or slightly oblique, end projection small or 
wanting; tyloses abundant; number per sq. mm. 6-18. 
Wood fibres in radial rows, thick walled, average 
diameter 15,.., lumen reduced to 2,..; length 750-1,650,..; pits 
slit.like, borders elliptical or almost circular. Transition 
stages occur to irregularly shaped often blunt ended 
tracheids measuring up to 800,.. in length, and 26,.. in 
diameter. Wood parenchyma abundant, principally vasi. 
centric or diffuse; cells often with dark contents. Rays 
commonly biseriate, more rarely triseriate, up to 700,.. in 
height and 33,.. in width j uniseriate rays 2-16 cell~ in 
height; cells often with brownish amorphous contents, 
11-14 per mm. of transverse section. 

Smoulders without burning, all unburnt carbon. 

Alcoholic extract orange yellow; sometimes turbid on 
adding water, no fiuorescence. Aqueous solution yellow. 
brown, turbid; bluish green with ferrous sulphate, heavy 
precipitate with lead acetate. 

From an examination of the microscopic structure of 
the woods it is evident that there are few features which 
appear to be" of value for diagnostic purposes. The 
majority of the structures, for example wood fibres (fibre 
tracheids), tracheids and vessels do not exhibit any marked 
eonstant variation, one from another. Thus in a specimen 
of E. ere bra from Dubbcl the maximum radial pore diameter 
was 130", whereas in a piece of the same wood from 
Thirlmere, a region of higher rainfall, the maximum radial 
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diameter was 2OOp.. The variation in pore size in different 
parts of the same log has been mentioned in a previous 
paper.· 

In every case the ground mass of the wood consists of 
wood fibres with more or less prommently bordered pits, 
the so-called fibre tracheids, which have not been found to 
excE'ed 1,700" in length. The fibres 10 the Eucalypts are 

c. 
d. 

Fig. 3. 
PortiODS of &bre ends Ibowing typical lQterlocking aenA­

tloall commonly foand in 8tuJa11lP'u, timbera. CI - 8. pClt&i­

cu.lClICI )( 560. 6=8. fICIR'CNU.a4a X 640. c aDd tl = R. 
crtbna, X 130. 

by no means remarkable for their length, the toughness of 
certain species, e.g., E. ptmiculata, etc., seeming to depend 
on the development of interlocking serrations near the fibre 
ends. The development of bordered pits on the fibre cells. 
is especially prominent in E. Me"oph]fM. The tracheids , 
are usually irregular in shape, often blunt ended with 
numerous bordered pits, where they are in contact with 

111M. B. Welch. Note on the Structure of some Eucalyptus 
Woods, Tbis Joarnal, Vol. lviii., p. 178, 1924. 
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other tracheids or vessels, or with simple pits in contact 
with the ray cells. It is possible to :8nd every gradation 
from prosenchymatous ftbre-tracheids with comparatively 
few pits to spindle-shaped cells with more numerous 
bordered pits, and finally to the irregularly shaped, com­
paratively thin walled tracheids. 

The vessel segments are exclusively with simple end 
perforation, and in the case of heartwood almost invariably 
plugged with tyloses (tyloses are absent in the sap-wood). 
The end walls are transverse or slightly oblique, and the 
end projection usually small or even wanting. Wood 
parenchyma is more abundant in the Grey Gums than in 
the Ironbarks. One feature which appears to be of some 
value in the identification of the woods is the ray. 
These are only visible with the naked eye in E. punctata, 
and are often triseriate in that species and in E. propinqua. 
In E. panicuZata they are almost without exception uni­
seriate; in E. B'ideropkloia and E. crebra they are both 
uniseriate and biseriate, whilst in E. siderozylon they are 
chie:fl.y biseriate. 

It is interesting to note that with only one exception the 
woods of the species examined did not smoulder, but left 
a residue consiating practically of unburnt carbon; the 
exception; E. panicuZata, smouldered away almost com­
pletely to a light coloured ash. This held good in all 
material tested. The extracts, both alcoholic and aqueous, 
were disappointing, as too much varia ... was found in the 
colour and behaviour of the indi'fidttel species to make 
them of much value. One charaoter 'Worthy of note was the 
greenish colouration obtained by the addition of ferrous 
sulphate to the aqueous extftlcts of E. punctata and E. 
proptnquai however, exceptions to this might possibly be 
found. 
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The following key is based on what appear to be the 
principal points of dUference, and summarises the 
investigation. 

0 

0 0 
0 

0 
0 

0 
0 

0 0 

0 

0 0 

0° a.. 
0 
0 

0 
0 0 

0 
0 0 

0 0 

Fig. 4:. 
a = Wood parenohyma cell showing 'IIimple pitting, B. 

'Iideropkloia, X 600. b = Wood parenohyma cell with thin 
-oross walla, 11. "_"ioultJIa, X 600. c = Oonjugate paren-
-ob,ma cell, 11. ritMroplaloitJ, X 390. tland e = Ray cella, 
Z. crebra, showing simple pitting, X 600. 
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K."lo tM Timber •. 
(a) 

Rays sometimes triaeriate. 

(b) 

(&1) 

Rays rarely tri88l'fate, nutow, up to - '100,. in 
height, not visible with naked eye on end section; 
wood parenchyDfa cell contents not prominent,. 
chiefty vasicentrfc. 

E. p,opmqM.. 

Rays often triseriate, broad elliptical, up to 375F 
in height, often l'isible on end section with Daked 
eye i wood parenchyma cell conttlnts dark in. 
eolour, prominent, largely diffuse. 

E. puneta.ttJ.. 

Rays uniseriate or biseriate. 

(c) 
Rays practically all uniseriate; wood pale to­
brown or pink in colour, not red, burns to ash. 

E. paniculata.. 

Rays uniseriate or biseriate, wood red in colour, 
does not burn to ash. 

Cd) • 
Bays practically all biseriate, short and broad,. 
average width 301', uniseriate rays rarelT 
exceeding 6 cells in height: 

(d"1) 
E. sid.e,.o:&yltm~ 

Rays uniseriate and biseriate: ...... age width laJloJ. 
uniseriate rays up to 18 cells in height. 

(,e) 
Pits on walls of ftbre-tra"heic;ls prominent; rays. 
darker than ground tissllCil e~ .. tadial, surfaoe.. 

E. ftd6,.op~ 
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Fig. I.-Eucalyptus PUtlctttta x 110 

}'ig. 2.-BucalyptNB crebra. x 110. 



(e~) 

Pits on ftbre·tracheid walls not prominent; rays. 
practically same colour as ground tis.,ue on a 
radial surface. 

E. crebra. 
EXPLANATION OF PLATES. 

PLA.TE xv 
Fig. I.-Longitudinal tangential SE'ction of wood of E. 

panicuZata, Sm., showing typical uniseriate rays 
and portion of a vessel partially filled with 
tyloses. X 110. 

Fig. 2.-Longitudinal tangential section of wood of E. 
Mero{l;'IIlfm, A. Cunn, showing broad biseriate 
and a few short uniseriate rays. The pitting on 
the ftbre-tracheid walls is prominent. Portion of 
a vessel is seen partially filled with tyloses. 
X 110. . .... 

PLA.TlII XVI. 

Fig. I.-Longitudinal tangential section through wood of 
E. punctata, DC., showing triseriate rays. X 110. 

Fig. 2.-Transverse &ection of sap-wood of E. l'rebra~ 

F.v.M., showing complete absence of tyloses. The 
arrangement of the pores and the extreme vari­
ability in pore size is typical of the Ironbarks_ 
The pitting in the walls of the vessels and fibre 
tracheids, etc., can be seen. The '\\ood paren­
chyma is not abundant, and is va&icentric or 
diffuse. X 110. 

Techmological Museum, 
8ydme'll. 



'THE GERMICIDAL VALUES OF SOME AUSTRALIAN 
ESSENTIAL OILS AND THEIR PURE 

CONSTITUENTS. 
TOGETHER WITH THOSE FOR SOME ESSENTIAL OIL 

ISOLATES, AND SYNTHETICS. 

PART III. 

By A. R. PENFOLD, F.A.C.I., F.C.S., 
Economic ChlmlSt, Technological Museum, Sydney. 

and R. GRANT, F.C.S., 
Assistant MicroMolognt, Deportment of PublIC Health, S'J°dney. 

(Read bllewl the Royal Society of New South Wales, Dec. 2,1925.) 

The following table~ represent a further continuation of 
(lur investigations published in this Journal for 1923 and 
1924 (Vols. LVII., pp. 211-215, and LVIII., pp. 117-123), 
treating of the Rideal-Walker COeffiCll'nts of Essential Oil 
Constituents, Isolates and Synthetics. 

In the last mentioned paper a series of esters of valerianic 
acid were examined, and on this occasion a series of esters 
of a particular .alcohol, butanol, were tested with very 
interestinlf results, the high coefficient for butyl butyrate 
being especially noteworthy. In this connection, it is 
necessary to remark that the esters were purified from an 
an exhibit of eommercial butyl esters kindly donated to the 
Technological Museum by the Commercial Solvents 
Corporation of Terre Hauete, IndiaXta, U.S.A. 

The opportunity i~ also taken of correcting the Rideal­
Walker coefficient of terpineol published in this Journal 
(Vol. LVII. (1923), p. 87). It is given as 7.5, but subse­
quent investigation has failed to confirm this result, the 
~orrect number being 16. The only explanation that can 



be advanced is that in the earlier preparation the terpineol 
had been poorly dispersed. 

In connection with the dispersion of the different 
alcohols, phenols, etc., in soap solution, certain difficulties 
.are encountered in their preparation. Especially is this so 
in the case of some of the alcohols, taking terpinenol-4 as 
.an example, one preparation may give a coefficient of 18, 
whilst in another, the coefficient may faU to 11 or 12. 
Clearly this depression of the coefficient is brought about 
by the difference in the size of the particles. Sligl),t altera­
tion of the temperatures during preparation, or impurities 
in the rosin and sodium hydroxide used, may influence the 
dispersion. It may be called hypersensitiveness of the 
.active constituent. 

Phenols, on the other hand, do not exhibit this hyper­
sensitiveness. Their coefficients.ymain practically constant, 
i.e., they are ideally dispersed. 

It will also be observed that considerable differences 
exist between the coefficients all determined in either 
.aqueous or soap suspensions, and in alcohol, and this is 
due to the varying degree of dispersion as pointed out in a 
previous contribution. 

An interesting feature of these investigations is that the 
determination of the Rideal-Walker coefficient has been 
found to be of considerable value in the rapid detection of 
small quantities of cymene in admixture with terpenes. 
The coefficients of the great majority of terpenes so far 
-examined do not exceed 8, and it was with this object in 
view that the carenes recently isolated from Indian 
-essential oils by Dr. J. L. Simonsen 'Were examined. The 
value of the test was demonstrated in the coefficient deter­
mined for ace terpene" isolated from the essential oils of 
Melalsuca linariifolia and M. alternifolia which consisted 
~f II and 'Y terpinene and cymene, the number being 6. 
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Pure cymene has a coefficient of 8, but when present ill 
admixture with terpenes it raised the number out of aU 
proportion to the percentage it bears to the other consti­
tuents. Therefore, if a terpene of boiling point below 1800 

possesses a coefficient over 3 it can safely be assumed that it 
IS a mixture containing eymene. This phase of the subject 
is being prosecuted further, and meanwhile we have applied 
the term "Biometric Test" to this form of analysis. 

Ezperimental. 
The Rideal-Walker tests were carried out as described in 

previous papers (this Journal, Vol. LVI., 1922, 219-226), 
standard suspensions of 1 % of the bodies referred to being 
prepared in 7i% rosin-soap solution, with the exception 
of formic acid, and normal butyric acid, which were pre­
pared in aqueous solution. Others, huch as butanol, butal­
dehyde, butyl butyrate and butyl oxalate were also 
prepared in ethyl al('ohol solution. 

TABLE" A." Crude Essentwl Oils. 
~l-

Conltanfll Walker Principal actl" 
Crnde ot! (R.L·refraetive Index) CoefRcl. eonatltuenta. 

ant. --
Atherosperma Sp. gr. 1.0225 18 Methyl eugenol. 

moschata Opt. rot. +8.75" Safrol 
R.I. 1.5171 Camphor 
OCH. 15.56% (unlrnown bodies) 

Citronellol (80%) 
Boronta Cltriodora Sp. gr. 0.8814 12 

• Opt. rot • +8.8" 
R.I. 1.4611 

Dacryd,um Franklin, Sp. gr. 1.0448 10 Methyl eugenel 
Opt. rot. +0.7· 
R.I. 1.5822 

BriostemOfl Sp. gr. 0.8580 Terpenes (Pinene .. 
myoporoitks- Opt. rot. +86.75" 8 Ocimene, etc.) 

R.I. 1.4690 
Melale"ca lmamfolta Sp. gr. 0.8992 Terpinenol-4 

O~t. rot. +8.8" 10 Cymene 
R .. 1.4748 

Melale"ca allernlfolia Sp. gr. 0.8961 Terpinenol-4 
Opt. rot. +7.4· 11 Cymene 
R.I. 1.4782 

Melaleuca ""'Inata Sp. gr. 0.984 6 Cineol (50%) 
opt. rot. +8" 
R.I. 1.4727 
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TABLE II B." Essential Oil, Constituents, Isolates and 
Synthetics. 

-,---_; 

I CODStaDta. 
CODatltueDt. _Nature. Source. (Sp &'1'. 1&/111' B L- CooefIIclnt. 

_____ refractive tllda. ZO·.) 

.d-A,-4-Carene terpene Dr. B.Pt. 761 mm., 
J. L. Simonsen 166-167· 

from IndIan Sp. gr. 0.8632 8.6 
essential oils Opt. rot. +66.8· 

"-A-3-Carene do. do. 

R.I. 1.4769 

B.Pt. 760.6 mm., 
166.6-168· 

Sp. gr. 0.8683 
Opt. rot. +6.8· 4.0 

Terpene (II do. 
.and y terpm-I ene, cymene) 

Formic acid lacid 

Butyric acid,! do. 
normal 

Meloleuco 
oI',"lIlolio 

R.I. 1.4730 

B.Pt. 176-180· 
at 763 mm. 

Sp. gr. 0.8611 
Opt. rot +2.26· 
R.I. 1.4'/69 

I Museum stock M.Pt. +8· 

Museum stock B.Pt. 168-162· 
at 768 mm. 

Sp. gr. 0.9664 
inactive 

R.I. 1.3969 

Terpineol alcohol E. AtUtroliotItJ B.Pt. 99-102· 
oil at 10 mm. 

Sp. gr. 0.9880 
Opt. rot. -6.4· 
R.I. 1.4810 

Terpineol do. Museum stock M.Pt. 36· 
(Kahlbaum) 

Terpinenol-4 alcohol Meloletlco B.Pt. 93-96· 
IttItJri'lolio at 10 mm. 

Sp. gr. 0.9847 
Opt. rot. +14.2· 
R.I. 1.4794 

do. do. Melolltlco B.Pt. 93-98· 
IJltnwlfou", at 10 mm. 

Sp. gr. 0.9371 or. rot. + 17.65· 
R •• 1.4781 

do. do. Schimmel" B.Pt. 921-94· 
Co. at 10 mm. 

III 
Sp. fIT. 0.9887 
O~t. rot. +23.8· 
R .• 1.4778 

8 

5 

1 (in 
dIstilled 
water) 

8 
(in ethfl 
alcohol, 

16 

18 

12 

13.6 

13 
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Phenyl ethyl do. Museum stock B.Pt. 104-106· 8 
alcohol (Polak .. at 10 mm. 

Schwarz) Sp. gr. 1.0284 
inactive 

R.I. 1.&812 

Bv.tanol do. Museum stock B.Pt. 116-118" 2 (soap 
(0.. Solvents at '78'7 mm. solution~ 
Corporation) Sp. gr. 0.81'73 Ii (ethy 

inactive alcohol) 
R.I. 1.3993 

Butaldehyde alde- do. B.Pt. '74-'78" at 12 
hyde '788 :nun. (in soap 

Sp. gr. 0.8118 solution) 
inactive 0 

R.I. 1.8'798 (ine~ 
alcoh 

Butyl eater do. B.Pt. 89-'70" at 
butyrate 20 mm. 13 

Sp. gr. 0.8'748 1'7 
inactive (in ethr 

R.I. 1.4081 alcohol 

Butyl oxalate do. do. B.Pt. 128-124" 
at 10 mm. under 1 

:.11 ..: Sp. gr. 0.9935 8 
inactive (in e:W 

R.I. 1.4230 alcoho 

Butyl do. do. B.Pt. 175-1'7'7" 
tartrate at Ii mm. 

Sp. gr. 1.0924 
O~t. rot. +12.0" under 1 
R .• 1.4451 

Dibutyl do. do. B.Pt. 122" at 
phthalate 5 mm. 

Sp. gr. 1.0579 
inactive 3 

R.I. 1.4940 

In conclusion, our thanks are due to Professor J. L. 
Simonsen, of Ba.ngalore, India, for his kindneBS in fur-
nishing specimens of the carene&, and to Mr. F. R. 
Morrison, A.B.'l.O., A.A.O.I., for assistance in the chemical 
portion of the work. 



THE ESSENTIAL OIL OF BAECKEA GUNNIANA.. 
var. LATIF'OLIA (F.v.M.). 

By A. R. PENFOLD, F.,A..O.l., I'.C.B. 

BctnlOfllic ChlffJirt, TlClmologica' Mw",m, S.y. 

(Read be/Me the Royal Socie'y of New South Wa'es, Dec. 2, 1925.)' 

The botany of this interesting Myrtaceous plant is 
described in Bentham's "Flora Australiensis," Vol. III, 
p. 79. It is a densely branched erect shrub, growing to a 
height of five or six feet. It is widely distributed through­
out New South Wales, having been recorded from Jenolan 
Caves, Medlow Bath, WentworttrFalls, Blackheath, Quean.­
beyan, Wingello, Tallong, Braidwood, Monni Kosciusko 
and Tantawanglo and Brown Mountains (E. Cheel). 

Although it bears a close superficial resemblance to the 
type B. G1mn.iaM, yet it can readily be distinguished from 
it, even in the herbarium. The ditference in the essential 
oils, however, is most marked, as B. GuMiaM yields a 
mobile oil high in. terpenes, whilst the var. Zali/oUa gives a 
solid of "buttery" consistency, low in terpenes. H. G. 
Smith desoribed the essential oil from the first named in 
this Journal for 1922 (Vol. LVI., pp. 181-182), and noted 
that ne crystalline body was detected in the oil. The 
essential oil from var. 'laIifoUa is hardly an oil in the strict 
sense of the word, as it soon solid~es to a fatty solid, 
varying in melting point from 43° to 47°. So far as I 
am aware, this is the first instance of an essential oil from 
Australian. plants being solid at ordinary temperatures... 
This essential oil does n.ot pouess &Dy commercial valUe,. 



but the results obtained by its examination are of con­
iliderable scienti1lc interest from the viewpoint of botanical 
chemistry, and also on account of its high content of 
eudesmol, over 60 %. 

The ES86'11.tial Oil. 
The essential oils, as first obtained, were of a dark brown 

colour, very viscous, but possessed a pleasant terpenic 
-odour, and solidified within a few hours to a solid of 
" buttery" consistency. Although widely distributed, I 
was unable to obtain material for oil distillation from 
more than one locality, but three collections were made in 
all during the period 1922-1925. Altogether, 268 lbs. of 
leaves and terminal branchlets were collected from 'Monga, 
on the Clyde Road, 12 miles from Braidwood, N.S.W. The 
principal constituents, which have so far been identified, 
are eudesmol (sesquiterpene alcohol), 60 %, eudesmene, 
p-pinene, together with a small quantity of unidentified 
phenol and valerianic acid ester, and a yellow stearoptene, 
ClBH180", melting point 103*-104°, first described in this 
Journal for 1922, Vol. LVI., pp. 87-89. 

Ezperime'1l.tal. 
The 268 lbs. weight of leaves and terminal branchlets 

referred to, yielded on distillation with steam, crude oils, 
possessing the fQllowing physical and chemical characters: 

WeiPt Yield Speeifte rotation Befl'_ 
Date. 'of .. Pt. t1 •• lndex 

....!!.!!!... 
of Oil. ~ .. vlt;v. ()ptical 

~ -
'/8/1811 81lba 07'% ,a· IS· 

0."78 (II.) +11.6· 1.11018 

11/'/181' 110 lbi. 0.8% '8lk-4"· 18· 
0.9110 W +11.0· 1.6088 

11/8/1111 '1'111111. G.4.8% a· ~ 
0.8178 (110) +18.0· 1.11148 

8011lbUIt;v In 70% .leohol Jilltel' No. I JilIter No. (bF wetpt). bot lap. _._!tv acet;vlatlCIII. 

Sol. in 3 vola. 15.73 (acid No.2) 139.77 .. .. 3 vol .. 11.44 L38.38 .. " 2 vola. 23.19 151.80 
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The sample of oil, 4/8/1922, was that utilised principally 
in the investigation on account of the larger quantity of 
oil available, and the greater proportion of lower boiling 
constituents. 

One hundred and twenty c.c. of the crude oil were sub­
jected to steam distillation in order to separate the terpene 
and (partially) the sesquiterpene from the large quantity 
of stearopteB.e. In this way 36 C.c. of mobile oil were 
obtained. On repeated fractional distillation the latter 
was resolved into two main fractions, one boiling below 
70° at 10 mm., 7 c.c., and another at 128-142°, 20 c.c. 

Determination of ,B-pwne.-The small fraction boiling 
below 70° at 10 mm. possessed the following physical 
characters :-Speci1lc gravity, 15· 0.8713, optical rotation 

15° + 2°, and refractive index, 20°, 1.4742. A small portion 
tested for a.-pinene failed to yield any trace of nitroso­
chloride. The remainder was 'oxidised with potassium 
permanganate in the presence of sodium. hydroxide (seE> 
Vol. LIV. (1920), p. 204), when crystals of sodium. 
nopinate were obtained. These, on treatment with dilute 
sulphuric acid yielded nopinic acid, which on recrystallisa­
tion from benzene melted at 125°. 

Determination of 8esquiterpene.-The fraction 128-142° 
at 10 mm., 20 c.c., was repeatedly distilled at the same 
pressure over metallic sodium. ,when the following final 
distillate was obtained :-boiling point, 129-132° at 10 mm.., 
speci1lc gravity, IS: 0.920, optical rotation, -11.7·, and 

15 
refractive index, 20°, 1,5020. 

It gave the two well known colour reactions usually 
obtained for sesquiterpenes from Australian essential oils, 
but failed to yield any solid derivatives characteristic of 
these bodies. In view of its association with such a large 
quantity of eudesmol, it is most proba.bly identical with the 
corresponding sesquiterpene, eudesmene. 

W-Deoember e, 1911i 
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Determination of Eude8'mol.-The residue left in the 
:flask from the steam distillation of 120 c.c. crude oil was 
shaken with petroleum ether (B.Pt. below 50°), and the 
solution filtered from a yellow solid. This solution was 
washed with 8% sodium hydroxide solution to remove 
'Small quantities of phenolic bodies, and upon removal of 
the petroleum ether by distillation a white "buttery" solid 
remained. This was spread out on a porous plate for the 
removal of small quantities of adhering sesquiterpene, and 
subsequently purified by recrystallisation from ethyl 
alcohol and water until its melting point was raised to 
79-80° . The crystalH, besides possessing the same melting 
point, showed the usual characteristic physical properties 
-of eudt'smol. The crystals boiled at 156-158° at 10 mm" 
and on treatment with dry hydrochloric acid gas yielded 
-crystals of eudesmene dihydrochloride melting at 75-76° 
(see this Journal, Vol. LIX (1925), p. 147). 

1.3318 grams in 10 c.c. chloroform gave a reading of 
+ 4.5° == [G.]~. + 33.8°. There is thus no doubt of the 
identity of this constituent with eudesmol, which is 
-confirmed by the result obtained by acetylation of the 
crude oil. 

Determination of otner stearoptene of yellow colour.-
9J'he yeUow crystalline solid insoluble in petroleum ether 
(after removal of the eudesmol), was purified from boiling 
ethyl alcohol, from which it separated in primrose-yellow 
-coloured needles of melting point 1031-1040; yield 2.5 
grams. This constituent was found to be identical with 8 

body, thought to be a phenol ether, isolated from the 
essential oils of Btl8Ckea cra ... uwtJ Uld D4rwinia grcmdt­
flora by the author and F. It. Koni80n in 1922 (see Vol. 
LVI. (1922), pp. 87.aS). It Pf*essed a molecular formula 
of C1SH:t.o., and showed the presence of two metho:q" 
groups. 
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It is worthy of note that although three separate collec· 
tions were made of the plant material over a period of three 
'years from the same locality, yet this constituent was only 
detected in the first consignment, the laRt two showing no 
trace of its presence. 

Determination of unidentified phenoZic bodie8.-All three 
lots of oil showed the presence of phenolic constituents on 
"Washing with 8% sodium hydroxidE' solution, the first 
'yielded 1.4%, whilst the last two contained only 0.5%. 
They all gave reddish-brown colourations with ferric 
-chloride in alcoholic solution, but their identity could not 
be established. 

Determirultion of valerianic acid ester.-The oils obtained 
from the last two distillations, after removal of the 
phenolic constituents, were treated with alcoholic potash 
solution to decompose the small quantity of E'ster present. 
A volatile acid in small quantitJt.JVas separated from the 
potash salts and found to consist mainly of valerianic acid; 
0.0340 g. of silver salt gave 0.0179 g. silver on ignition = 
52.64% silver. The silver salt of valerianic acid requires 
51.68% silver. 

The alcohol with which the acid was combinE'n could not 
be separated or identified. It appeared to be concentrated 
in the very small fractions of distillates boiling between 
70 and 1200 at 10 mm. These fractions on treatment with 
napthylisocyanate yielded small amounts of napthylure­
thanes melting at 115.116°. 

In conclusion, I have to express my thanks to Mr. E. 
Cheel, of the National Herbarium, Sydney, for the 
botanical identification of the material distilled, and to Jb. 
F. R. Morrison, A.S.T.C., A.A.C.l., ASIIistant Economic 
(!hemist, for much assistance in the investigation. 
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THE TANNINS OF THE BLACK CYPRESS PINK 
(OALLITBIS OALCABATA R.Br.) 

AND THEIR DISTRIBUTION IN THE BARK. 

By F. A. CoOMBS, A.A.I.C., W. MOGLYNN, 

TamMng School, Sydney TeclmicGl Coillge. 

and M. B. WELCH, B.Sc. 
Technological MwetfM. 

(With Plates XVII-XVIII.) 

(Read befo,.e the Royal Society of New S".th Wales, Dec. 2, 1925.) 

The Black Cypresa Pine (OallitriB calcanJta, R.Br.), 
occurs over a very wide area of the inland portions of the 
Eastern States of Australia, and in a few localities it even 
extends as far as the coast. In this paper, it is proposed to 
deal with the bark, which is an important tannin-bearing 
material, the work thus being a continuation of that 
commenced on the Acacias.· The high tannin content 
of this bark was first pointed out by Baker and Smith, tt 
in their exhaustive research on the pines of Australia; it .. 
anatomical structure was also described. This was 
followed by two papers from the Technical College Tanning 
School, t which dealt principally with the leather-forming 
properties, and gave qualitative tests of the bark and. 
tannins. 

A satisfactory extraction of pine bark On a eommerci&1 

• Notes on Wattle Barks, Part,!:, Welch, McGlynn &; Coombs. 
Proceedings, Royal Society, N.S. w., 1_. 

tt Pines of .AustraliL 
t Coombs, Comparative Sole-leather Tests with AustraliaD 

Pine Barks. Collegium (London), September, 1916. 
Coombs a.nd Dettman, Notes on .Australian Pine Bark. lou. 

Soc. Chem. Ind. 1914. 



'I. t'AlflUNl 01' t'BB BLACK eYPUI8 PDf.. 367 

scale was found, however, to be ditllcult-in this respect 
di1fering considerably from the Acacias. It was, therefore, 
considered necessary to make a more complete examination 
.of the structure of the bark! than had hitherto been done, 
and to compare it with that of Acacia bark, and also to 
study the actual distribution of the tannin throughout the 
tissues. Furthermore, it was essential to determine what 
was the actual cause of the resistance to the penetration 
.of water into the bark, since the ease of extraction depends 
largely on two factors, namely, the solubility of the tannin, 
and the ease of water penetration. 

Bark Structure.-The mature bark· of CaJ,Utris calCOtf'ata 
oOonsists entirely of secondary phloem, the outer cortical 
tissues being lost at a comparatively early stage in the 
crowth of the tree. A section of a twig a few mm. in 
diameter shows practically the same structure outside the 
oC8Dlbium as occurs in the bark of a'farge tree. Cortical 
resin passages are replaced by those in the phloem, and the 
more or less isolated first formed bast fibres are replaced by 
more regular rows of radially compressed thick walled 
eells. As pointed out by Baker and Smith, the secondary 
phloem consists of concentric rows of bast fibres, one cell 
in thickness, interrupted by uniseriate medullary rays j 
between the bast fibres are normally three rows of cells, 
the middle row consisting of phloem parenchyma, and the 
two outer rows of sieve tubes. (Fig. 3.) The regularity of 
this arrangement in the Cupressineae is mentioned by De 
Bary.t 

At a distance of about 4 mm. from the cambium in the 
mature bark there occurs an inner peridermal. zone, 3-8 rows 
of cells in thickneRs, extending completely round the tree and 

• The word "bark" is used to denote all tissues outside the 
cambium. 

t De Bary, Comparative Anatomy of Phanerogama and Ferna. 
English Translation, Oxford, 1884. 
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separating the inner living from the outer dead portion.. 
Between this inner periderm and the outside of the bark: 
there are a number of earlier formed peridermallayen at 
intervals of from 225p. to 1200p.. The cells of the periderm 
are thin-walled, and show a very marked coloration when 
treated with a fresh alcoholic solution of chlorophyll, thus. 
indicating the presence of suberisation. The cells are com­
pressed radially, and measure about 45p. x 8p. transversely,. 
and 40p. in length. 

The position of the innermost periderm can be easily 
determined by cutting the fresh bark transversely, when 
the living portion nearest to the cambium is seen to be 
white, altering to pink towards the outside. The dead 
tissues are reddish brown, the line of demarcation from th& 
inner zone being sharply defined, becoming a dirty greyiah 
brown towards the peripht'ry. 

The bast fibre cells are important in that their excessiv& 
development in a bark must naturally increase the amount 
of insoluble non-tannins, and correspondingly lower th& 
perccntage of tannin. Mort'over, they have a direct effect 
on the difficulty or otherwiRe of grinding the bark. In th& 
Cypress barks, however, they do not possesl> the same 
importance in this direction, as they do in the Wattle barks, 
where the fibres are grouped into large zones (c.f. Welch, • McaIynn ap.d Coombs, l.c.). In C. calcarata the cells ar& 
:flattened in a radial direction (Fig. 3), the average siz& 
being lOp. x 40p. x 2000p. in length. The walls are always 
heavily lignified, the lumen being reduced to a narrow 8lit~ 
Although near the cambium the radial walls are usually in 
contact, towards the outer part of tht' living SIeondary 
phloem the cells are often more or less isolated, due to the 
subsequent increase in circumference of the bark. The­
degree of separation varies in different barks, but should 
have the effect of making them easier to grind. 
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The sieve tubes are normally very much compressed 
radially within 0.5 mm. of the cambium. In no case was 
tannin or starch detected in them, and they are apparently 
of little direct importance in their influence on the actual 
amount of tannin yielded on extraction. In Fig. 4 they can 
be seen as more or less compresRed rows of cells, usually 
empty, on either side of the phloem parenchyma, which 
possesses dark contents. The sieve tubes measure 6-18". 
radially and 20-40". tangentially, and near the cambium 
differ little in size or shape from the phloem parenchyma 
when seen in transverse section. The most important 
tannin-bl'aring tissue in the bark is the phloem parenchyma, 
more especially after enlargement occurs towards the inner 
peridermal layer (Fig. 2). The section illustrated was cut 
from a portion of the bark treated with potassium bi­
chromate, which precipitates the tannin in an insoluble 
form, and has proved the best reagent for the study of the 
tannin distribution.· 

._ 
It will be noticed that about half way between the cam­

bium and the innermost periderm, the parenchyma cella 
undergo a very considerable increase in size: Thus, whereas 
a typical cell near the cambium measures 40". x 8"., near the 
inner periderm the dimensions are 110". x 30".. The 
increase in the size of these cells can be more clearly seen in 
Fig. 1, the tannin having been dissolved out, leaving the 
cell walls. Outside the periderm (Fig. 2), there is an 
apparent decrease in the tannin contents of the cells, but 
this is evidently due to the breaking away of portions of the 
cell contents during sectioning. The most striking feature 
of this section is the almost complete absence of tannin near 
the cambium, and the gradual increase in the tannin (seen' 
as black masses in the illustration), tili a maximum is 

• Lloyd. The Occurrence and Function of Tannin in the 
Living Oell. Trans. Roy. Soc., Canada. 1922. 
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reached near the innermost peridermal zone. A more 
highly magnified transverse section, about midway between 
the cambium and the inner periderm, which has been 
treated with potassium bichromate (Fig. 4), clearly shows 
the regularly arranged phloem parenchyma eells, with their 
dark contents. 

This gradual tannin increase outwards is in accord with 
what was found to occur in the Acacia barks, where prac­
tically the whole bark is analogous to the innermost living 
part of the Cypress barks. There is nothing in the bark 
of Acac1a mollissuna to correspond to the outer dead 
secondary phloem tissues which form the greater portion of 
the bark of Oallitris calcarata. Thus in the Acacia bark, a 
considerable amount of tannm i'J prE'sent in the primary 
and secondary cortical tissues, and in the broad fan-shaped 
medullary rays, whereas in the Cypress barks, the cortical 
tissues are lacking, and the medullary rays are narrow and 
uniseriate. Although tannin is present in many of the 
medullary ray cells, it is not always so (c.f. Figs. 2-4), and 
they cannot be regarded as an important tannin-bearing 
tissue. 

One of the most characteristic features of the Cypress 
barks is the very large development of resin passages in the 
phloem. They occllr in more or less concentric rings (Fig. 
2), and measure about 120l' in diameter, minimum = 60l', 
maximum = 250l', anastomosing freely in a tangential 
plane, but rarely radially. The contents of the innermost 
ducts are fluid- in fresh bark, clear viscous drops being 
exuded on a cut surface; those of the outer ducts are 
amorphous, non-fluid and resinous, appearing micro9copic­
ally as irregular, angular, cracked fragment'!. The 
alteration in the physical character is due possibly either to 
the loss of the more volatile constituents of the oleo-resin 
or to oxidatIOn or both. The ducts are readily observed 
• 
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macroscopically in a transverse cut of the outer bark as 
-white concentric rings. A well-defined epithelial layer 
surrounds each duct, and it is interesting to note that 
1Ilicrochemical reactions show undoubtedly the presence of 
a high tannin concentration in theo;;e cells (Fig. 4), although 
no evidence of it has been found in the ducts themselves. 
Haas and Hill· o;;tate that it has been found that the 
amount of tannin varies. inversely in Pmus as the resin 
content. Although no determinations have been made in 
the Callitris barks to ascertain whether a similar variation 
-occurs, one would hardly expe~t to find much seasonal 
alteration in the whole bark, since the portion which pre­
ponderates and which contains a considerable amount of 
resin is non-living, and cannot alter except by de­
-composition. Nevertheless, it seems possible that there is a 
close relationship between tannin and resins since tannin 
is so prominent in the epithelial cells. The solubility of the 
contents of the ducts in alcohol is-unchanged by the loss of 
the more fluid constituents; in all cases the res) ns readily 
dissolve in that solvent. 

A microscopic examination of the bark also shows the 
presence of a large amount of starch in the phloem 
parenchyma, the medullary rays and the epithelial cells of 
the inner living zone of bark (Fig. 4). Peacockt has 
pointed out that in H euckero americana tannin is most 
abundant in October, and least in May, whereas starch 
reaches a maximum in March. In the Callitris barks, no 
seasonal determination of starch has been made, but it is 
significant that starch occurs only in those cells in which 
tannin is found. The grains can be seen in Fig. 3 as small 
rounded masses (measuring about 5". in' diamett'r) ; in the 

• Hass "Hill. Chemistry of Plant Products, LongmaDs 
Green, 1921. 

t Peacock. American Jour. :Pharmacy, 1891. p. 172. 
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cells in which tannin is most evident the grains are often 
closely packed. In no case were starch grains founa 
outside the innermost periderm, and it is evident that it is. 
converted to some other carbohydrate, or broken down 
either just prior to the formation of the corky layers, or 
utilised by the dying cells after their isolation by the 
periderm. Since starch is a carbohydrate food storage· 
body, one would expect to find seasonal variation, probably 
reaching a maximum in the winter. The specimens collected 
at Dubbo in June certainly showed abundant starch when 
examined microscopically. 

If thin sections of the fresh inner bark be transferred to­
water, solution of the tannin is practically instantaneou!!, 
and subsequent treatment with potaRRinm bichromate or 
ferric chloride shows no indication of tannin in the cells. 
A few scattered part'nchymatous cells near the periderm, 
however, possess yellow contents which are insoluble in 
cold water, but which darken when treated with solutions 
of iron salts. The contents of the cellK of the outer bark 
are in general, progressively less soluble in cold "'ater 
towards the outside, with a change In colour to a deep 
brown. The contents of the outermost cells are com­
pletely insoluble even ill boiling water or alcohol. and this 
also applies to scattered cells, even near the innermost 
periderm. T~e contents of these cells are clear and some­
what granular, amorphous, reddish brown, and often with 
irregular cracks or markings. In a typical bark in which 
the inner living ,portion is 4.5 mm. in thickness, the in­
soluble masses are comparatively rare in thc 3 mm. of dead 
tis&ue adjacent to the innermost periderm j then in the 
outer portion which varies considef.1t!7 in thickness from 
3 mm. to 30 mm. on account of the furrowed nature of the 
bark, there is a gradual increase in the insolubility of the 
cell contents. It seems, therefore, that there is a gradual' 
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alteration of the cold-water-soluble colourless tannins to a 
cold-water-soluble red tannin, then to a hot-water-soluble 
red tannin, and finally to a red insoluble phlobaphene. 
Practically all the insoluble cell contents are darkened 
with ferric chloride, but isolated cells show little or no 
alteration. When a bark section i& treated with ferrie 
chloride, there is an indi('ation of tannin in the cell walls, 
but this is evidently onl~ dul' to ac1r.orption of the tannin 
brought into solution during the examination, since no 
tannin was shown in the walls when tht' spctions were­
treated directly with potassium bichromate. 

Eztraction..-It is not yet suggested that the difference in 
the ease of extraction of pine Ilnd wattle barks is due to 
the variation of the solubility of the tannin. All barks 
used for the extraction of tannin are uhually broken up 
into small particles before the introduction into the ex­
traction vats. The smaller the particles, the easier the­
extraction, provided that the water can pass freely through 
the mass and wet ('ach particle. It should be lloted that 
although a plant is obtainable for dealing with powdered 
bark, without exception all Australian tanneries have­
plants for the extraction of bark in coarse lumps, and these­
plants, whilst quite satisfactory for the treatment of wattle 
bark, are apparently unsuitable for pine. 

The factor of water-penetration was dealt with by a 
series of experiments with wattle and pine barks. The first 
experiment was the extraction of soluble matter from the 
bark with water at ordinary summ('r temperature, and also 
at 50° C. Working under these conditions, one portion 
of the bark was ground to powder, and another portion 
was crushed to pieces, as used in the t,annery. This gave 
two comparative tests with fine and coarse bark. If the 
extraction results were equal, it would be considered as 
evidence that the forces opposing water penetration were 
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negligible, but if a considerable d.i«erence were shown 
between the two results, it would indicate that the water 
penetration and the subsequent diffusion of the tannin 
from the bark were retarded by unknown factors. 

Apparently water passes freely into the bast cells, and 
it has been noted that the tannin diffuses just as freely from 
these cells. The size of the cells is approximately 1/600in. 
x 1/3000in., and 1,500,000 would be required to cover one 
square inch, so that the grinding of the bark could not be 
expected to rupture all the cells. Rupture!! may occur 
as a result of contraction of the cell walls after the bark 
has been dried, but there is no evidence to show that this 
does take place. Therefore, the theory at present must be 
one that assumes that the tannin is removed by diffusion 
through the undamagt'd walls of the cells. After that the 
tannin could be expected to choose the path of least 
resistance and diffuse outwards to places of lower 
concentration. 

The results obtained by extracting coarse and fine wattle 
bark showed that the fine bark at ordinary temperatures 
gave up 7.3%, and at 50° C. 2.4% more soluble matter 
than the coarse. These figures are taken as an indication 
that the forces opposing water penetration are small so far 
as wattle bark is concerned. , 

Different results were obtained with the pine bark, and 
the experiment was carried out in the following manner: 
Equal quantities of fine and coarse bark were treated with 
water which was Demoved as tan-liquor. This was repeated 
until five liquors were drawn off the bark. Each liquor 
was analysed and the sum of the resulte is shown below. 
For further details regarding thit aperiment see 
.. Extraction of Tannin from Wattle Bark."· 

----
• Extraction of Tannin from Wattle Bark. New South Wales 

Tanning Committee, Technical Gazette, Sydney, Vol. 12, pt. 2, 
1'922 . • 



Tannin ., 
Non-tannin 
Total 
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Es:tractlon Res.lta-Pine Buk. 

O1:dinaey temperature. Temperature 60°C. 
Coarse. Fine. Coarse. Fine. 

•• 19.18 grms. 29.42 grIIlB. 25.84 grmB. 33.89 grms. 
•• 12.88 .. 13.41 " 13.58 .. 14.40 .. 

Solubles .. 82.06 " 42.83 .. 38.92 .. 48.29 .. 

The maximum. amounts of the total tannins and non­
tannins extracted were 70 and 83 per cent. respectively. 

These returns show that the fine bark at ordinary tem­
perature gave up 33.5%, and at a temperature of 50°, 24% 
more soluble matter than the coarse bark. This certainly­
indicates that water penetration into pine bark and the 
subsequent diffusion of the soluble substance is retarded 
to a considerable extent, especially when compared with 
wattle bark. 

The total solubles are made up of tannins and non­
tannins, and it is important to note that the difference in 
the above figures is due more to the variation in the 
amounts of the tannins than to the non-tannins. The 
latter only show a di:fference in favour of fine bark of 4.1 % 
at ordinary temperature and 6% at 50° C., while the cor­
responding figures for the tannin are 53.4 and 33.7%. 
If the smallest particles of the bark used are constant as 
regards structure and cell contents, then these figures for 
tannins and soluble non-tannins would indicate that the 
reason for a greater and more regular extraction of the 
total non-tannins in comparison with the total tannin must 
be due to the tannin being more difficult to bring into 
solution, or that for certain reasons its di1fusion from the 
bark is retarded to a considerable extent. Further work has 
shown that the smallest particles are not constant as 
regardi cell contents, and, moreover, the structure of the 
inner living bark differs from the outer portion, due to the 
absence of the auberised peridermal layers. These occur-
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.at frequent intervals of from 0.25 mm. to 1 mm.; whereas 
the pieces of coarsely ground bark often measure up to 
10 mm. x 5 mm. x 5 mm.; therefore the opportunities for 
water penetration in these large pieces are considerably 
reduced, and can only occur tangentially between the im­
pervious cell layers. It is important to note that in the 
outer portion, the soluble non-tannins are reduced to a 
minimum, as will be shown later by analyses, whereas in 
the inner bark zone which is devoid of impervious layers, 
and into which water can readily penetrate, the soluble 
non-tannins reach a maximum. It is easy to understand, 
therefore, that an extraction of coarse or fine bark removes 
the soluble non-tannins practically wlth the same ease; 
whilst the tannin, which is distributed throughout the whole 
bark, iii obviously less easily removed from the outer 
portion, apart from any variat{on in its actual solubility. 

The complete removal of the tannin from the bark by 
the usual methods can only be accomplished with the aid 
~f hot water, but no substance is returned a'! tanmn unless 
it be soluble in water at 15° to 20°. Catechol tannins 
which have changed to the insoluble state are classed as 
phlobaphenes. These phlobaphenes are rarely found in 
the living secondary phloem, but they undoubtedly exist 
in the ross, or outer layers, especially in the pine bark. 

If ordinary groull.d bark be covered with water, that 
portion which is not absorbed soon shows signs that some 
~f the tannin has passed into solution and is diffusing from 
the bark. If the temperature be kept constant at about 
"20°, the amount ·of tannin diffusing from the bark after 
24 hours' exposure reaches a very low figure, which can 
only be increased again at the same temperature by 
lowering the tannin concentration of the surrounding 
liquor. This change in concentration is brought about 
by removing the old and replacing it with a weaker liquor 
~r water. 
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When the diffusion of tannin from the bark practically 
-ceases it could be assumed that the tannin concentration 
in the bark structure and surrounding liquor is the same . 
.At this stage if the tannin be all alike as regards its solu­
bility, and omitting adsorption, it Rhould be possible to 
-calculate the total tannin originally in the bark from the 
concentration and volume of the surrounding liquor, when 
the volume of liquor retained by the bark is also known. 
This means that under these conditions the total tannin in 
the bark could be estimated from the tannin found in a 
known proportion of the total volume of liquor. This 
known proportion can only come from the liquor surround­
ing the bark, and a few experiments have <!hown that its 
tannin values are always too low even if the total tannin 
be calculated 88 that amount extracted at 20°. When the 
total tannin is considered as that amount soluble at 200 , 

but extracted at the ul\ual high temperatures, then this 
figure is very much too low. --

The specific surface of the bark must reach a fairly high 
figure, 88 noted by the size of the cells, and therefore ad­
aorption is a factor to be considered when extracting tannin 
from barks, etc. That the amount of tannin found in the 
liquor which can be drained away from the bark is always 
too low to permit a correct volumetric calculation may be 
largely due to adsorption, and the fact that complete 
extraction requires water at a high temperature suggests 
that the theory that a rise in temperature reduces the 
adsorption power of charcoal may be applied in this case. 

The solubility of the tannins must be considered here, 
and it should be noted that the high temperatures 800 to 
lOOD required for the extraction of tannin soluble in wat~r 
at 200 have always been considered necessary for a com­
plete extraction. Proctor and Parker· carried out certain 

• Proctor and Parker. Jour. Soc. Cbem. Ind., 1895, p. 686. 
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experiments which gave results obtained from various. 
tanning materials when extraction W&II carried out at 
various temperatures ranging from 15° to 100°. 

They showed an optimum temperature for extraction. 
for each materIal at which more tannin could be extracted 
than at any other, though a small additional amount 
could be obtained by boiling the extracted residue. 

If we examine their optimum figure for wattle bark we 
find that the maxlmum percentage of tannin extracted was. 
at 70° to 80°, WIth only a 6% loss for extraction at a 
higher temperature ranging between 90° to 1000 C. This 
result and others that are more prominent, show that 
tannin is certainly destroyed at the higher temperaturesr 

and one might say that a satisfactory and workable ex­
traction can only be obtained by using a high temperature, 
but there will always be a loss of tannin which will reach 
a maximum for any material when the tannin that can be 
extracted at the lower temperatures is exposed to the 
highest temperature, and a minimum when these tannins 
which are extracted at the lower temperatures are removed 
and not exposed to the highest temperature. 

This optimum temperature, then, is a point where the 
extra amount of tannin extracted by an increase in tem­
perature just' exceeds the amount destroyed when the tem­
perature remains constant for each extraction. 

The destructioh of catechol tannins by heat is generall.y 
recognised, but apparently the pine tannins &II they exist 
in the bark are more sensitive to this factor than the wattle 
tannins. Extraction experiments with pine bark on a 
practical scale have shown. that the tannin cannot be sati&­
factorily removed from the usual coarse pieces at a low 
temperature. 



When the higher temperatures were reached for the­
same work, the extraction results were still too low when 
oompared with results obtained from wattle bark under 
similar conditions. Analyses of the spent bark and liquors. 
containing extracted tannin show that tannin was destroyed 
in the pine bark at the higher temperatures. 

This result might be described as a want of stability of 
the pine tannins at a high temperature-tannins changing 
to the insoluble phlobaphenes--but further experiments. 
have shown that there are other factors. 

Proctor and Parker's research shows that tannin is 
destroyed over a period of a few hours by using a high tem­
pt'rature, and analytical figures are now given for a com­
parative experiment with four solutions of pine tannin 
made up from one pine bark liquor. The tannin concen­
trations were the same for these solutions, but two were --exposed on a water bath for four hours at a temperature 
of 98°. This experiment was expected to show if these 
pine tannins were affected by heat under conditions of 
temperature comparable with those prevailing when ex­
tracting for analysis. The tannins used for this 
experiment were extracted at temperatures not exceeding 
50°. 

Normal. 4 hra. at 98D C. 
1 2 8 4. 

Tannin .. ., .. 4.40 4.42 4.84 4.86 
Non-Tannin ..•• 8.80 8.77 8.87 8.88 -- --
Total Solubles .• 8.20 8.19 8.21 8.19 

These results show that pine tannin extracted at & low 
temperature and then exposed to a temperatUre of 98° f.or 
three hours, only lost 0.98 per cent. of the total tannin. 
This seems to show that these tannins are not sensitive to 
high temperatures, and suoh a result is not in agreement 

:l-Dtoembtr I. 1_. 
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with the theory that the large amount of tannin destroyed 
during the leaching of this bark is due to high 
temperatures. 

One factor in the destruction of tannins during an ex­
traction process might be starch. Microscopical examina­
tion bas shown that there is a considerable amount of starch 
in the inner portion of the bark. An unfiltered starch 
solution, 1 grID. per litre, when added to a solution of pine 
tannins, gives a cloudy liquor which soon deposits in­
solubles, and the filtered starch solution when added to a 
filtered solution of pine tannins, analytical strength, gives 
a cloudy liquor which deposits overnight. 

When a solution of pine tannins is mixed with a starch 
solution the resulting cloudy solution responds to heating, 
and the iodine test in a manner similar to that described 
below. 

This starch factor was tested by making up a solution 
-containing a certain amount of tannin and 0.5 grm. of 
starch, previously treated with water and brought to 100°, 
then cooled down to 18° and added to the tannin. The 
solution was then made up to a litre and analysed. For 
-comparative purposes another solution containing the same 
amount of tanniA per litre and no starch was also analysed. 
The tannins used were obtained from 250 C.c. of a pine 
liquor extracted at a temperature rangmg from 20 0 to 
.50° . This pine lIquor was a bright, clear solution, and the 
same volume was used for each test. The following are the 
l'esults from the duplicate tests:-

Tannin •. 
Non-tannin 
Total 

Soluble 

No.1. With No.2. With No.8. Wlth- No.4 With. 
Starch. Starch. out Starch. out Starch. 

8.168 grm. 8.186 gnn. 8.807 grm. 8.689 erm. 
2.644 It 2.620" 2.481.. 2.616 .. 

5.710 .. 6.706 ,. 8.088 .. 6.104 
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The solutions receiving starch show a loss of 11.7% 
tannin and a non-tannin increase of 1.4%. These starch 
.and tannin mixtures responded to the iodine test, but not 
after filtering, which indicates that all the starch was pre­
cipitated with that portion of the lost tannins shown above. 
The tannin and starch combination behaved like tannins 
that remain as suspended matter in a cold solution, but 
dissolve in sufficient quantity to give a much brighter 
solution at the higher temperatures. 

From the work done on these barks we :find that a con­
siderable amount of suspended matter remains in the 
solution extracted at 100°. This suspended matter was 
first considered to consist of substances like tannin that are 
only soluble in hot water, but after our tests with starch 
we consider that it is possible that a large portion of it is 
the insoluble tannin and starch combination. 

If other tanning materials cMltain starch in like 
quantities, then it is possible that a certain proportion of 
the tannin destroyed, as shown by Procter and Parker's 
figures with optimum temperatures, could be attributed to 
1Itarch. Starch granules would not be expected to destroy 
tannin when extraction proceeds at a low temperature, but 
this would be reversed at high temperatures suitable for 
dissolving the starch. 

The most important factor noted as far as water penetra­
tion is concerned, is that the greater portion of the tannin 
is in the outer bark, where we find barriers set up by 
corky layers, which prevent water penetration in certain 
directions. 

Whilst dealing with the question of resistance to water 
penetration, another factor to be considered is the resinous 
condition of theBe barks. These resins occur in P8.SS8les, aq 
already pointed out, all through the structure, and while the 



O1'11Shed bark may be smeared with them to a certain extent,. 
there is nothing to show that they are the eause of &D7 
great opposition to the penetration of water, although aa 
mentioned in the description of the anatomical structure 
of the bark, the resinous contents of the ducts are in close­
proximity to the tannin bearing epithelial cells. 

As only a portion of the tannin is extracted at a low­
temperature, it might be considered that this result is 
related to a dllference in the cell walls, whereby tannin is 
extracted from some cells with cold water and other oells 
only give up their tannin when hot water is used. Such 
an assumption is, however, scarcely warranted, since the 
tannin is only contained in thin walled cells, which would 
offer a minimum of resistance to the penetration of water, 
but which would scarcely show a variable penetration factor­
at anyone temperature. 

Bark La,yer8.-It has been shown by a microscopical 
examinatIOn of the bark that the phloem cells cut off by 
the cambium, and their contents, are subjected to certain 
changes as they become older. These changes, as far as 
the tannin content of the cells is concerned, have been 
followed by making analyses of certain layers of the bark, 
it being split lohgitudinally into three divisions. Thus 
the innermost living portion was stripped off, and the­
remainder was again divided into two by the removal of 
the outermost ross. These layers were numbered in turn, 
1, 2, and 3, No. 1 being the innermost, i.e., nearest the­
cambium. The roBS which was removed corresponded to­
that usually removed by bark strippers when working on 
a commercial scale, and consists of cella more or less 
disintegrated on. account of expOlllre t, weather. 

Samples taken at the end of December, at Dunedoop 

N.S. W., three feet from ground. 
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110. 1 Tree. 50 ft. high, 12 inches diameter. 
'Layer. W.J8bt. Tunln. Non·tannln. In.olubl •• Water. TotaL 
No.1 107 &'I'm. 19.64 19.47 49.89 11.6 100.0 
No.2 1018.7 " .. 21.07 4.8 62.63 11.6 100.0 
No.3 125.4 " 8.98 3.74 80.78 11.6 100.0 

No.2 Tree. 36 ft. high, 7 inches diameter. 
No.] 108.5 " .. 20.28 17.68 60.64 11.5 100.0 
No.2 616.6 

" 
.. 20.48 4.48 63.69 11.6 100.0 

No.3 93.0 " .. 2.71 8.67 82.22 11.6 100.0 

No.3 Tree. 40 ft, high, 12 inches diameter. 
No.1 153.5 " 

.. 28.79 15.56 44.15 11.5 100.0 
No.2 368.1 

" 
.. 24.42 4.36 69.72 11.5 100.0 

No.3 833.9 " 
6.86 2.57 79.07 11.5 100.0 

From an examination of these figures it will be seen tha.t 
the outer portion of the bark has lost, through exposure or 
due to altera.tion to an insoluble form, the greater portion 
of its tannin. 

This layer, which is always a dirty grey in colour, can 
be separated and scraped oft: withHt difficulty, using as 
a guide the fact that as the useful tannin bearing zone is 
approached, the colour changes to a reddish brown. It is, 
therefore, suggested that when stripping for commercial 
purposes this useless outer portion should always be reo 
moved, since there is little loss of tannin. A similar portion 
is removed in America when stripping the Hemlock Bark 
Tsuga oa'l'ladeMs. 

The greatest proportion of the bark by weight is that 
included under No.2, containing water solubles consisting 
-of red tannins and a small amount of non·tannins. The 
inner portion, No.1, contains light coloured tannins almost 
similar in quantity to those found in No.2, but with a 
much higher percentage of soluble non·tannins. Since the 
No. 1 zone is the living part of the bark, one would expect 
to find the majority of soluble carbohydrates and nitro· 
-genous materials within this portion, and this is borne out 
lIy tile analyses. 
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I'ANNIN VALUES OF PINE BARK SAMPLES. 
Dun6doo, N.8.W., December, It20. 

Samplea taken about 2 feet from grouna. 

Diameter oitree. Tannin. Non-tannin. Inaolubles. Water. 
No.1 16 inches 21.84 8.62 80.64 11.60 

.. 2 12 " 20.98 8.21 81.88 11.50 

" 8 12 " 
22.68 9.09 66.78 11.50 .. 4 12 .. 25.41 8.90 58.19 11.50 

... 5 9 " 18.24 18.14 62.12 11.60 

" 6 7 " 
20.46 6.38 61.87 11.60 

" 7 6 .. 34.11 8.27 46.12 11.50 
.,. 8 4 " 28.41 7.52 54.67 11.50 .. 9 4 " 88.87 10.18 41.95 11.50 
" 10 8 •• 18.58 7.25 62.67 11.50 
.. 11 3 .f 32.27 11.46 44.77 11.50 
•• 12 Ii •• 26.15 10.20 52.15 11.&0 

Oookamidgera, N.S.W., June, 1923. 
Samples taken 2 feet from ground. 

No.1 21.25 6.30 60.95 11.50 
.. 2 5 inches 27.28 9.18 52.04 11.50 

" 3 11 ,. 22.19 5.53 6D.78 11.50 

" 4 5 
" 

19.57 6.38 62.55 11.50 

" 5 8 
" 36.29 7.92 44.29 11.50 

" 6 21.31 7.24 59.95 11.50 

" 7 8 ., 28.12 5.40 56.98 11.50 

I' 8 14 I' 82.56 6.22 50.78 11.60 
II 9 10 " 33.67 7.09 47.74 11.50 

These analyses were made to ascertain whether the 
<diameter of the tree has any effect on the tannin content. 
In anyone 16cality, diameter might be considered to vary 
approximately as the age of the tree. provided ecological 
conditions were 'Similar. 

It seems that in general the higheet tannin content 
obtains in the smaller trees, altho .. eseeptions to this 
occur. From the results obtabaecl ...... the Cookamidgera 
amples it seems tOat the highest yields are from trees 
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-gtowing on level ground at the foot of the ridges or Ob. the 
1Ilopea. 

It il obvious that many more analyses are necessary 
before any definite conclusions can be made, but our ex­
perience shows that the best results are obtained from well 
grown trees, and are probably independent of actual 
-elevation. 

The conditions of growth are important, e.g., whether 
the trees are in close or open stands, more especially since 
the closer stand produces fewer lateral branches, and is 

-easier to strip; secondly the consequent greater height incre­
ment would produce trees yielding a greater amount of 
bark. 

Comparative Tannin Value of Bark taken from bottom and 
top of Tree . 

. Samples collected at Dunedoo, N.i.-W., December, 1920:­
N Q. 1 Tree, 50 feet. 

A 
B .. 
C 

Samples taken as £01l0w8,:-
A at 2 ft. from ground-diameter 12 inches 
B at 18 ft.".. " 8" 
C at 28 ft."" " 5" 

Tannin. Non-tannin. Insolubles. 
20.98 6.21 61.86 
21.88 8.74 58.86 
20.21 9.71 58.58 

No.2 Tree, 30 feet. 

Water. 
11.50 
11.50 
11.50 

Tannin. Non-tannin. Insolubles. Water. 
A at 2ft.: diam. 7" 20.45 6.38 61.67 11.50 
B at 10ft.: 

" 
5" 19.76 7.82 60.92 11.50 

C at 18ft.: " 
4" 19.70 8.46 60.84 11.50 

No.3 Tree, 50 feet. 
A at 3ft.; diam. 12" 22.63 9.09 67.4 11.50 
B at4Oft.: " 4l1" 18.87 11.08 60.66 11.60 

No.4 Tree, 40 feet. 
A at 3ft.: diam. 9" 18.24 8.14 62.13 11.50 
B at 30ft.: 

" 
4" 19.75 12.10 58.84 11.60 
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These analyses were made to determine whether the per. 
centage of tannin in the bark varied towards the top of tJJ.e. 
tree. 

With the exception of No. 8 in which there is a con­
siderable decrease in the tannin content at the higher eleva­
tion, there is apparently little variation in the figur .. 
obtained. This is in very marked contrast to the Acacia. 
barks, in which there is a very definite decrease as the bark 
become~ thinner, but is readily explained when it is under­
stood that practically the whole of the Acacia bark consists 
of living cells of the secondary phloem and cortex, ani the 
maximum tannin bearing zone is towards the outside j in 
the Callitris, however, the maximum tannin bearing zone 
is within a few mm. of the cambium (i.e., in the outer part 
of the living secondary phloem within the innermost peri­
derm), outside which there is a progressive decrease in the 
soluble taanin. 

SInce this inner zone is only a comparatively small per­
centage of the whole bark, and does not vary greatly in 
thickness along the tree, it is evident that it cannot affect 
to any great extent the result obtained by analysing the 
complete bark. 

In every case ~ere is an increase in the soluble non­
tannin, and a corresponding decrease in the "insolubles" 
towards the upper part of the tree. This would be ac­
counted for by the fact that the proportion of inner living 
bark to dead .issues is highest in the uppermost portions, 
and it is principally in the living secondary phloem that 
the soluble non-tannins are present. 

Commercial SampZes. 

The following results are important lince they indicate 
the actual results likely to be obtained when stripping ODA 

a large seale. 



............. (w TJUI BLAGIt ODIIIII8 PlNm. 319' 

Tannin. Non-tannin. lnaolnbl .. WataL. P) From a ten ton lot .. .. 23.34 9.21 66.96 11.6 
2) Sample taken from 10 

.wt. of bark. Trees 
above 8in. diam. .. .. 25.29 8.53 64.68 11.5-

(3) Sample taken from 10 
cwt. of bark .. .. . . 26.36 8.27 64.87 11.5 

SUfMf&(lA"y.-OalUtriB calcarota, yields an important 
tanniJJ.-bearing bark available in large quantities. The 
bark or secondary phloem consists of two main portions­
an inner living zone about 4 mm. in thickness, and &B 

outer non-living zone, separated by a narrow periderm. 
These periderms are a few cells in thickness, and occur at 
intervals of from 225-1,200" throughout the outer zone. 

The secondary phloem consists of very regularly ar­
ranged layers of bast fibres, sieve tubes and phloem paren­
chyma. At irregular intervals are more or less concentric 
rings of tangentially anastomosing resin passages. 

Tannin occurs principally in the phloem parenchyma, in 
the medullary ray cells, and in the epithelial c( lis linin~ 
the resin passages. It was not observed in the bast fibres or 
sieve tubes. The tannin is readily soluble in water in the 
inner living bark, but becomes progressively less soluble i. 
the outer portion, finally becoming practically imIoluble 
towards the outside; the cells being filled with a brownish 
amorphous phlobaphene-like body. 

Starch grains were observed in the living cells of the 
inner zone in which tannin was present. No starch was 
found outside the innermost peridermal layer. 

The extraction of the tannin on a practical scale gave 
results which showed that a considerable amount Was 

destreyed. The reason for this destruction can be found 
by taking into consideration the methods of extraction for 
analysis. When the bark is ground to a fine powder, & 

large excess of water is used, and the temperature is con-
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"trolled so that only a small pol'tion of the total taDllin i. 
-exposed to higher temperatures. Working on a commercial 
aoale, large particles of bark are used with a minimum 
.amount of water and a longer exposure to high 
temperatures. 

Experiments with fine and coarse bark particles showed 
'that the resistance to water penetration and to tannin 
diffusion increases considerably with larger particles, in 
-contradistinction to wattle. Therefore, for satisfactory 
-commercial extraction, pine bark should be finely ,round. 

It is not considered that the presence of resin is a l;erlOUS 
factor in the resistance to water penetratIon; rather 11; this 
.due to the closely arranged impervious corky perid~rmal 
layers through which water cannot penetrate. 

Pine barks are not sensitive to high temperaturea, and 
some other factor must be sought to explaIn the loss of 
tannin in large scale extraction. It has been shown that 
starch is present, and thls would be brought into solutIon 
.at the high temperature used, and further, it has been 
proved that starch is able to destroy a considerable amount 
.of tannin. 

It is suggested, 1jherefore, that since starch is extracted 
during the 8.lI.alytieal process, prolonged expoaure at a high 
temperature would bring about the removal of a greater 
amount of starch, and hence an increue in the amount of 
tannin destroyei. 

The speei:6.c surface 01. tbf bark would reach a high 
1lgure, but further invelticaii. ~ required to show what 
influence ad.serption would have on the resistance offered 
to extraction. Pouibly adtorption is reaponsible for the 
lugh temptrature reqUired for the satisfactory extractIon 
.hf the bark. 
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Fig. 1. 

Fig .•• 
C a,ll",,, cxalCIJrt1It.I. 



ADalyses of di1ferent layerl of the bark showed that the­
maximum tannin content ooourred towards the outside of 
the inner zone, whereas the "soluble non-tannins" reached 
a maximum near the cambium. Outside the inner peri­
derm there was a decrease in the tannin, which reached a 
minimum at the periphery. The tannins in the ross of pine 
bark, however, represent 60% of the total, and it is the 
predominating infiuence of these red tannins which give the 
distinctive features peculiar to a leather obtained with a 
straight pine tannage. 

Analyses made on bark samples from different sized trees 
seem to show that the maximum tannin content is found in 
small, well-grown trees. There is practioally no variation 
in the tannin content of the bark removed at dUferent 
heights on the tree, in this respect differing considerabcy­
from wattle. Although analyses of individual barks have 
shown up to almost 37 % tannin, the figure obtained from 
commercial samples is in the vicinity of 2O-25?f, tannin. 

In oonclusion we wish to reoord our thanks to the 
Forestry CommiSSIOn, N.S.W., Mr. A. B. Samuels, District 
Forester, Dubbo, and Messrs. Fitzpatrick and Greatrex for 
assistance In obtaining samples for investigation. 

Bs:plaDatiOD of Plates. 
PLATE XVII. 

Flg. 1. Transverse section of inner bark of Calillm CtUClJf"(JtQ 

R.Br. (cambium at top) after removal of the tannin, showing 
the regular structure. Near the bottom are portions of two 
concentric peridermal banda which occur at more or less replar 
intervals throughout the non-living secondary phloem. Numerou 
resin canals are clearly IIhown. The considerable increase 1D. 
size of the phloem parenchyma cella can be traced from the 
cambium until the, reach a maximum outside the 8econd-t 
periderm. :It 1'. 

Fig. 2. Transverse .ection of portion of bark of CGlum. 
calctJrata R.Br. (cambium at top) .howiDi di.tributioD of tanDia. 
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Near the bottom of the micropbotograph there fa an apparent 
1Il8rked difference in tannin content between the upper livinr 
.and the lower non-living lones. This is due to the faet that 
the contents of many of the cells of the latter zone have been 
broken away in sectioning. The tannin is seen to occur right 
-to the edges of the resin canais, which appear as rounded 
.openings. The verical clear marks are due to the non-occur· 
.renee of tannIn in all cells of the medullary rays. It is evident 
that comparatively little tannin occurs in the tissues nearest 
the cambium. x J 7 

PLATE XVIlI. 
Fir. S. Transverse sectIon of portion of inner living second· 

ary phloem of Calltt,.ir calca,.ata R.Br. The regular arrangement 
"f the alternating layers of bast fibres, sieve-tubes and phloem 
parenc}),ma is apparent. The epithelial cells lining the resin 
eanals can be seen. At rIght angles to the bast fibre layers are 
.several uniseriate medullary rays. x 110 

Fig. 4. Transverse section of portion of bark of Calld", 
calcarata R Br., showing distribution of tannin, under a greater 
magnification. No tannin is seen in the sieve-tubes or bast 
fibres, and little in the medullary rays. The occurrence in the 
.phloem parenchyma and in the epithelial cells of the resin 
.canals is strongly marked. It is important to note the presence 
of starch grams, seen as small rounded, almost clear bodIes in 
the tannin bearmg cells. x 1110 
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Call,,", calcal ala, 
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ON THE OCCURRENCE OF WATER-WORN PEBBLES 
OF COAL IN THE UPPER COAL MEASURES AT 

RED HEAD, NEW SOUTH WALES. 

:Sy C. A. SUBSMILOH, F.G.S. 

(Read be/ore the Royal Societ:v of NtW So",h Wales, Dec. 2, 1925.) 

In his account of the Geology of the Hunter River 
District Coal Measures, Sir T. W. Edgeworth David- refers 
to the occurrence of water-worn pebbles of coal in a bed 
()f conglomerate in the Upper Coal Measures at Red Head. 
The writer has recently, at the suggestion of Sir T. W. E. 
David, lDvestigated this occurrence for the purpose of 
studying any bearing it might have upon possibl... earth 
movements, during the Upper ~al Measure Epoch. 

The conglomerate in which the coal-pebbles are found 
()ccurs on the coast on the northern side of a prominent 
headland known as Red Head, some six miles to the south 
()f Newcastle. Its position here is immediately above & 

coal-seam known as the Burwood Seam, and it forms a 
rock-bench only a few feet above sea-level. This stratum 
is really a coarse-grained sandstone containing occasional 
irregular lenticular patches of conglomerate; it is with 
these patches of conglomerate that the coal-pebbles are 
associated. The coal-pebbles themselves are from 1 to 3} 
inches in diameter, are not very numero'QS, and are not 

• The Geolo" of the Hunter River Coalfield by T. W. 
Edgeworth DaVId, B.A., F.R.~ F.G.S., Memoirs of the 
Geoloaical Surv!!)' of New South waleB, GeololY No.4, page 80, 
Department of HineB, Sydney, 190'1. 



easy to collect. In some of these pebbles the coal is quite­
bright and lustrous, and one of those collected shoWl the­
characteristic jointing of coal (cleat). 

Chemical analyses of two of the larger coal-pebbles have­
been made by Mr. Ralph Basden, and are given in the 
table; the same analyst has also made an analysis (No.4) 
of a sample of coal collected from the Burwood Seam at 
Red Head. In the table are given also a number of analyses 
(No.3 and Nos. 5-8), of other Hunter River District coals 
for purposes of comparison; these have been taken from 
the Coal Resources of New South Wales·. All the analyses. 
in the table have been re-calculated as ash-free coal, in 
order to enable a better comparison to be made. 

Analyses 1 and 2 show that the coal-pebbles consist of 
anhydrous bituminous coals, thus showing that coal-making 
processes had probably been completed before they had 
been transported and water-worn; the presence of "cleat" 
in the coal also supports this view. In his description of 
these pebbles David suggested that they might have been 
derived from the immediately underlying Burwood Seam, 
but it seems quite impossible that the carbonaceous matter 
of the Burwood Seam could have already been converted 
into a true anhydrous bituminous coal at the time the 
immediately overlying conglomerate was laid down. There 
is no field evidence of any interruption of sedimentation 
between the two beds at Red Head, and the time-interval 
which could 1;tave occurred between the laying down of the 
Burwood Seam and the overlying conglomerate must have 
been very short. 

By comparing the analyses of the coal-pebbles with those 
of other coals in the table, it will be seen that coal-pebble 
No. 1 is in composition practically identieal. with coal from 

• Coal Resources of New South Wales by E. F. Plttmau, 
Geological Survey of New South Wales, 1911. 
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the Greta Seam, which occurs in the Lower Coal Measurell; 
its hydrocarbon percentage (ash-free analysis), is higher 
than that of the average analysis of Greta coal, but is not 
quite so high as a sample of Greta coal from the Central 
Greta Colliery (No.8). There appears to be no reason, 
therefore, from the point of view of composition why this 
pebble might not have been derived from the Greta Seam. 
It is, of course, much higher in ash content than the aver­
age of Greta coal, but it is the impure bands of a coal-seam 
which are most likely to survive denudation and trans­
portation. 

Coal-pebble No. 2 is not so easy to place, as it is very 
low in hydrocarbons as compared with other Hunter River 
coals; the nearest comparison I can find is with an analysis 
of the Lower Rathluba Seam (No.6), from the Middle or 
East Maitland Coal-measures. The exact source of origin 
for this No. 2 pebble must, for the present, be left un­
decided, but one would have expected that all of the coal 
pebbles, occurring as they do, so far as is known, with such 
a limited distribution both vertically and horizontally. 
would have had a common source of origin. 

Dayid ha"l "hown· that there is an unconformity between 
the Upper Coal Measures and 'the Upper Marine Series at 
Ellalong. It seems quite probable, therefore, that the 
Lower Coal Measures, and possibly also the East Maitland 
Coal Meal'lures, were exposed and being denuded during 
the time that the Upper Coal Measures were being laid 
down, and that the coal-pebbles at Red Head were derived 
from this source. 

In conclusion, it may be said, therefore, that it is highly 
improbable that these coal-pebbles could have been derived 

• The G£'nlngv of the Hunter River Coalfield by T. W. 
Edgeworth David, B.A., F.R.S., F.G.S., Memoirs of the 
Geologiaal Sur\-ey of New South Wales, Geology No.4, page 90, 
Department of Mines, Sydney, 1907. 

Y-Deaember I, 1926. 
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from the underlying Burwood Seam in the Upper Coal 
Measures, but that there is very strong evidence that one 
of them at least and perhaps all of them, were derived from 
the Lower Coal Measures. They, therefore, do not a:fford 
evidence of any important crustal movement having taken 
place during the course of the Upper Coal Measure Epoch; 
but their nature and occurrence does suggest that the 
Lower Coal Measures (and perhaps Middle Coal Measures), 
had been folded before the Upper Coal Measures were laid 
down, and were exposed to denudation during that epoch. 

ANALYSES OF COALS. 

Samplt!ll. 

1. ,COlli Pebble No. 1. • '1 
8... .. No.2 •.. 
I. NewCllltIe Coal MeuureB 

-Aver ......... j 
4. Burwood Seam - Bed 

Bead .......... I 
i. Bait M a I t I & n d Coall 

Mea.urea-Aver .. e •. 
t. Eat MaItland Coal 

lIIeuurea - Lower L'j Rathluba Seam •. ., 
7. Lower COlli J(eu_ 

A"er .......... . 8. Lower Coal Mea __ 
Central Greta Collierrl 

1.88 86.71 5S.77 9.84 

1i8.84 

&8.41 

IiU 

1 90 11.27 51.70 lli.18 228 86.88 80.91 
I 

1.84 \ 41.81 411.62 7.0S 1.971" 76 68.17 

128 I 46.70 4701 6.18 1112 4917 4Ul 
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'SOME TERTIARY FORMATIONS ON THE SOUTH 
COAST OF NEW SOUTH WALES. 

WITH SPECIAL REFERENCE TO THE AGE AND ORIGIN 
, OF THE SO-CALLED "SILICA" ROCKS. 

By IDA A. BROWN, B.Sc., Demonstrato,. '" Geology, 
UMue,.,rity of Sydney. 

(Communicated by Professor L. A. Cotton, D.Se.) 
(With Plate XIX.) 

(RetJd befo,.e the Royal Sodefy of Ne'lll SotIth Wales, Dec. 2, 1925.) 

Introduction. 
During the course of geological investigations on the 

South Coast of New South Wales, the writer hM had 
{)ccasion to examine cE'rtain formations, which appear to 
be very much younger than th{' a~~ated rocks. 

Permo-Carboniferous rocks in this district are repre­
sented by outcrops of Upp{'r Marine Beds for over fifty 
miles south of the mouth of the Shoalhaven River. These 
beds rest unconformably on older rocks, including phyllitic 
slates, possibly as old as Ordovician, which outcrop for 
many mil{'s furth{'r south. Various igneous rocks have 
bf'en intrudE'd into th{' sf'dimentary and mf'tamorphic rocks, 
at intt>rvalq along thf' coast. 

A ft'w mile" to the south-east of Moruya, beds of sedi­
mentary rock rest partly on phyllitic slates and partly on 
intrusive granite. Beds which appear to be identical with 
these, outcrop in the Ulladulla-:M:ilton District, and similar 
formatioDS are said to occur.at intervals from Bodalla to 
Jervis Bay. In a report on the soils of the South Coast, 
J eDben (U), noted the occurrence of Tertiary drift near 
.Mogo, which is about 10 miles north of Moruya. 
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Sandstones, which are more recent than Permo-Carboni­
ferous, have been reported from Kiama (7). Their age is 
considered to be Tertiary or Post-Pleistocene. 

Inland, Tertiary beds have been recognised at Nerriga 
and Wingello, at a height of about 2,350 feet above sea: 
level (7). Fossil leaves from the Wingello beds have been 
described by Deane (6), and the beds are believed to repre­
sent old river channels (rs. 16), preserved under cappings of 
basalt, similar to the leads of the Kiandra (1) and the New 
England districts (2,3. 4.5). 

Tertiary Rocks Mar Moruya. 
South of Moruya a belt of arenaceous sedimentary rocks 

extends from Congo Point towards Coila, and possibly 
further south. The beds are ]mown to occur over an area 
of at least six square miles, close to the present coast line,. 
and up to a height not exceeding about 200 feet above sea 
level 

They consist of level-bedded sandstones, grits and con­
glomerates, which are somewhat loosely-compacted, and 
rest unconformably on phyllitic slates near Congo Point, 
and on weathered granitic rocks further west and south. 
A creek in Portion 309, Parish Congo, exposes the junction 
with underlying granite. 

No fossil!' have yet been found in these beds. A small 
amount of gold may be washed from the conglomerate 
bands, and no doubt has its origin in the gold-bearing 
quartz-veins tlirough the slate and quartzites of the Mogo. 
and Mt. Dromedary Goldfields. 

In certain localities, for example in Portions 960, 232, 
159, 1, 2, Parish Congo, the sandstone or conglomerate has. 
been converted into hard :flinty quartzite, and in one 
locality (Portion 309) a certain amount of common opal 

I has been developed. It is not known whether thia 
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apparently high-grade quartzite or "silica" is present in 
commercial quantities, but the present indications are not 
.,eey promising, as the silicification appears to have been 
very local. The unsilicified conglomerate is used locally 
as road-metal. The formation of this quartzite has been 
.caused by flows of basalt, which have covered parts of the 
sedimentary formation. 

Columnar basalt outcrops along the coast at Congo Point, 
and at each of the headlands south as far as Meringo Point, 
and occurs in irregular patches through the bushland 
towardfl Coila, capping the hills round the western end of 
Lake Coila. 

In Portion 960, Parish Congo, this basalt is being de­
nuded, and the underlying silicifil'n sandstones and con­
glomerates are being exposed. The basalt appears to have 
fiowed along channels, denuded out oM the old sandstone 
surface. 

Lithologically, the basalt is sometimes compact, but is 
often veKicular, when the vesicles may be lined with chlorite 
or zeolites. The grainsize varies from fine to medium, and 
the texture is pilotaxitic or quite often ophitic. It consists 
of olivine, plagioclase (labradorite), augite, and iron ore, 
with a certain amount of secondary material. 

Te,.tiary Rorks nea,. Milton. 

In the Milton District there are similar occurrences of 
Tertiary flediments and associated basalt flows. 

The silicified portions of the Tertiary sediments are 
quarried for use in the manufacture of higlr grade "silica­
brick" for URe in steel·furnace work, and the occurrence 
has been the subject of various reports in publications of 
the Dppartment of Mines, New South Wales (8.9. 10). It is 
eonsidered there, that the origin of the so-called "silica" 
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rock is "the intrusion of volcanic dykes into beds of Upper­
Marine age." 

The present writer is unable to agree with this diagnosis 
of the orIgin, for reasons which will now be discussed. 

The hard, flinty quartzite, locally known as "silica," is 
the rock most resistant to erosion of all the Tertiary beds 
in the district. Associated with it are clays and loosely­
compacted sandstones, which rapidly disintegrate as a 
result of weathering, producing a soil apparently not unlike 
that resulting from the Upper Marine sandf.tones, although 
it is believed to support a di1ierent flora. 

The quartzite has been found in patches over quite & 

wide area. Small patches near the township of IDladulla 
are now worked out, af. well as the rolled boulders which 
were fir"!t located at Flmt Pomt. At present it is 
quarried at Bannister Head, and in the bushlands a mile or 
so to the west, where the Newbold Silica Brick Company 
and the Ulladulla Silica .Brick Company have a number of 
mining leases. These companles have also leases south and 
west of Pattimore's Lagoon, about four miles north of 
Bannister, where there is an extenslve deposit of quartZIte, 
'\\ hich has been proved, by means of a number of trenches. , 
and open c1,1.ts, to extend over an area of about 150 acres, 
as a horizontal bed with an average thickness of about six 
feet. Other deposits are worked at Red Head, still further 
north, and in .,patches along the ridge to the west for a 
distance of over a mile from the coast. 

The physiography of the coastal area between Bannister­
Head and Red Head is rather interesting. The eastern 
portion of Bannister Head, the headland at the southern 
entrance to Narrawallee Creek, and the main portion of 

I Red Head, are residuals of Upper Marine Sandstone, which 
rise to about 60 feet above sea level. The areas between 
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these headlands consist chiefly of recent depo'Jits of sandy 
material, only a few feet above sea-level, extending from 
behind the sand·dunes bordering the beaches, for a distance 
of about a mile inland; the deposits are covered by scrub 
typical of such areas. At intervals there are hills rising 
about 80 feet above sea-level, and it is on the tops of these 
elevations that the quartzite beds occur m situ. 

At Bannister Bead there is an overlap of the quartzite 
on the underlying Permo-Carboniferous beds, with a slight 
angular unconformity. 

Each of the quartzite beds examined occurs at a height 
of 75 feet above !!tea level. The beds vary from two to 
nearly fifteen feet in thickness, and are only limited in 
lateral extent by thl' natural fan of the land. 

ITnclerlying the quartzite in one of the quarries at Ban­
nister, i .. a soft clay. In most areas the top of the quartzite 
bed is exposed at the surface of the ground, but il'lOlated 
boulder.;; of basalt are scattert>d over the surface in a 
number of places, and a definite flow of columnar basalt 
occurs in situ immediately on top of the quartzite, at the 
eastern portion of the deposit at Pattimore's. 

Lithologically, the Tt'rtiary beds are quite unlike the 
nl'ighbouring Upper Marin£' beds. Analyse'J of the quartzite 
made by the Department of Mines, show the presence of 
over 98 per cent. of silica (10). In the hand specimen, the 
quartzite is usually a dense, flinty rock, like "grey-billy"(SJ. 
Under the microscope, it is seen to consist of irregular 
grains of quartz, cemented by cryptocrY!!ttalline, siliceous 
material. 

Large blocks of the quartzite, which have been formed 
as a result of jointing, frequently contain in the centre 
crumbly white sandstone or even loose sand. An analysia 
of lOme of this sandstone showed 97.30 per cent. of silica. 
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The" beds. are lithologically similar to Beds of proved 
'. Tertiary ap in otlrer parts of the State, such u thne of 

the New Engla.nd District (5). 

, 'Pi~8 of C C charcoal" and silicified fragments of plant 
stem .. &Bel roots are abundant in the qurtzite in two of the 
quarri~s, which have been worked up to the present. Thebe 
occur about a mile west of Bannister. No definite f-o&Sile 
h!ive yet bee.n found elsewhere, but there are likl"l1 
indications in pOl'tiorul of the Pattimore's deposit. 

A well preserved specimen of wood from the quartzite 
has been examined microscopically by Mr. C. Barnard, 
B.Sc., who identified it as portion of the stem of a 
diqotyledonous angiosperm, fixing the horizon possibly aa 
old as Lower CretaceouEl, but most probably Tertiary. Mr. 
Barnard's description of this fossil wood is appended. The 
nature and mode of occurrence of these Tertiary bed. 
IUggest that they have been deposited under fairly still­
water conditions, in erosion hollows in the Upper Marine 
Beus. 

The Origin of the Q·1Ulrtzites. 

The theory that the silificaticm of the sandstones is due 
'to the influence oil dykes is rejected for qeveral reallons. 
The writer has nowhere found any evidence of dykell in 
association with the quartzite. The structure indicated on 
the map in the RE-portll (J°)previously mentioned as a dyke 
on the northern' sidt' of Bannistt'r Head, proves to be a sill 
or interbedded flow of columnar basalt, varying in thickness 
from about 8 to 25 feet, well expoaed by the cliff section. 
It overlies sandstones au4 .• bonaceous clays, and is again 
exposed in the cliff sec. on the south-western side of 
Bannister Head. The photograph (reproduced in Bull. No . 
.10 facing p.l3), which was taken from the top of Bannister 
Head., clearly ""S the base of this basalt. 
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(1) Mitchell's Quarry, near Bannister, from which fossil 
angiosperms were obtained, showing the exposed upper surfaces 
of the horizontal bed of quartzite, wbf<'!i has an average thick­
ness of about six feet. 

(2) Columnar bault exposed in the cliff section on the north­
west of Bannister Head. It takes the form of a sill in the 
Tertiary sedimE'nts. 
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It is eoa.idered that the convemon of the sandstones 
into hard, :flinty quartzite is a contact metamorphic effect 
.of flows of Tertiary basalt. Remnants of these flows still 
remain over the quartzite at Pattimore's Lagoon deposit, 
ed odd boulders of basalt occur over the quartzite in the 
Bannister area. As a rule, however, the basalt has been 
denuded and the underlying reSlstant quartzite is exposed . 
.outcrops of similar basalt, not associated with quartzite, 
.occur as flows near the main road a mile north of mladulla, 
and also on a hi1l at the south-western end of Lake Conjola. 

w 
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Diagrammatic Section through the eastern portion of 
the deposit south of Pattimore's Lagoo~ showing the relatiOD of 
the quartzite ("silica") to the overlJ1D&, columnar baaalt. 

Lithologically the rock is generally a pilotaxitic, olivine 
basalt. It is sometimes compact, but is usually amygda-
10idaI, the amygdules consisting of radiating zeolite, 
chlorite or calcite. The basalt outcropping near Lake Con­
jo1&, which looks remarkably fresh in the hand-specimen, 
contains a large amount of interstitial calcite, which is 
undoubtedly primary. 

The newer basalts of this district may be compared 
directly with Tertiary basalts occurring elsewhere in this 
State, such as at Robertson, Wingello, etc. A petrographic 
description and a chemical analysis of the Robertson basalt 
is published in Memoir No. 19 of the Geological Survey of 
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New South Walea, 1915, p. 288, and other analyses are­
quoted by C. A. SU88JD.ilch (14). The exact age of these­
basalts is still a subject of controversy, but in hi .. 
Presidential Address to the Royal Society of New South 
Wales (14), Sussmilch classified them as the Plateau Basalts 
and assigned to them an Upper Miocene or Pliocene age. 

Although it is generally accepted that hydro-thermal 
solutions carrying silica may accompany outpourings of 
basic, volcanic rocks, it is difficult to conceive of this as­
sociation of olivine basalt and siliceous solutions. It is con­
sidered that the high percentage of silica (97.3) present in 
the analysis of friable sandstone, from the central portion 
of a mass of quartzite from Pattimore's deposit, is an in­
dication that the original material, from which the quartz­
ite was derived, was a comparatively pure sand or sand­
stone, and that no additional silica was derived from the 
hydrothermal solutions, which may have accompanied the 
ba&alt. 

L. F. Harper (10) (1924, p. 12), is also of the opinion that 
the quartzite bas been derived from "a bed of compara­
tively pure sandstone or grit," which was horizontally 
bedded, although he states that "The intrusion of volcanic 
dykes appea!'s to have been accompanied by hydrothermal 
solutions heavily charged with silica, which, under 
favourable conditions, permeated the beds adjacent to the 
intrusions, and converted them into quartzites." 

A comparison of the analyses of the Ulladulla quartzites 
and loose unconsolidated sands from dunes and beaches of 
the Sydney district, is of interest in this connection. These 
analyses are published in Bulletins Nos. 10 and 15 of the 
pepartment of Mines, New South Wales (10.13) and typical 

examples are quoted below. 



I.-Quartzite, Por. 2, Parish of Ulladulla. 
II.-Sandstone from centre of quartzite boulder,. 

Pattimore's Lagoon. (Analyst: I. A. Brown.) 
IlI.-Dune Sand, Bondi. 
IV.-Sand, La Perou&e. 

1. IT. III. IV. 
No. 2764. 

SiOI 98.56 97.30 98.87 98.00' 

AlzOs 0.85 
} 0.25 

1.2S 
F CZ0 4 0.15 
OaO 0.14 
CaCOa .. 0.99 
MgO 0.0s. 
I1~O 0.32 0.44-

99.88 100.11 99.89' 

It will be seen that the consolidation and cementation of 
these recent sands might result in t~ formation of rock 
similar to the Ulladulla quartzite, without the introdlt! tion 
of additional silica. Thi.. could be brought about by the 
('irculation of waters, Vi hich might be either of magmatic­
Orijl:lD, or waters originally contained in the sands and 
heated by flows of basalt. The porous nature of the sands 
would no doubt facilitate the circulation of thc waters. In 
this connection it may be noted that in general, the meta­
morphic effect of Tertiary b8.b&lt on sandstones in this 
State, has been to produce columnar structure, with a cer­
tain amouut of hardening, lD Mesozoic and older sandstones, 
whilst the newer Tertiary beds have been converted into 
dense, :flinty quartzitt'foo, like "grey-billy." 

Summarising, the writer now assigns a Tertiary age to 
the Ulladulla quartzites and associated beds for the 
following reallOus:-

(I) They are unconformable with the Upper Marine 
Beds. 
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(ii) They are lithologically unlike the Upper Marine 
Beds. 

(iii) They are lithologically similar to beds of proved 
Tertiary age in other parts of the State. 

(iv) They contain silicified and well-preserved frag­
ments of the stems and roots of a dicotyiedonoul 
angiosperm, most probably of Tertiary age. 

The theory that the quartzites are due to the influence of 
dyke!> IS rejected for the following reasons:-

(i) The writer has found no evidence of any dykes in 
as!>ociation WIth the quartzites. 

(ii) The quartzIte has its greatest extent horizontally, 
occurring as horizontal beds, which have an 
average thIckness of about six feet. 

(iii) There are, in the district, remains of Tertiary 
lava flows, which at It'ast in one locality directly 
overlie the quartzite. 

In conclusion, the writer wishes to thank residentR for 
their kindness during field investigations. Special thanks 
.are due to Mr. Ilslow, of Milton, for providing informatIon 
(loncerning, and facilitie!> for examining the quarries under 
his control. 

NOTE ON FOHHUJ WOOD. 

By C. BARNARD, B.Se., 

Dem(Jnstrator ~n Botany, Sydney Univer8'l.ty. 

In one piece of silicified wood from. ~ni8ter. near 
UlladulJa, the structure has been sufficiently well 
preserved to be distingui'lhed as that of a dicotyledonous 
.angiosperm. 

The specimen COnsiRts of a piece 01 the Recondary xylem 
C)f a stem. 
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In transverse seetion annual rings are well defined. The­
vessels are numerous, of medium size (0.075 mm. average), 
and are evenly distributed throughout the wood. Wood 
fibres with thick walls, interspersed with parenchyma cells, 
compose the matrix. The medullary rays are numerous, 
and generally two cells in width and 12-15 cells high. 

In longitudinal section two kinds of pitting are apparent 
on the walls of the vessels. In some cases it is of a rather 
narrow scalariform type, while in others this is replaced by 
series of regularly arranged simple, round, or slightly 
oval-shaped pits. ThE' ring-porous type of perforation is 
found on the majority. In some cases, however, there is a 
very oblique end wall upon which numerous bordered pits 
and one or two large perforations are situated. 

The wood fibres present no features of mterest. 

The parenchyma cells occur In definite vertical rows in --longitudInal bectlOn. The cells are short, and oval to 
rectangular in shape. 

The walls of the medullary ray cells are fairly thick. 
Small round to oval pits can be distinguished on their walls, 
both in E.urface view and in section. 

In all respects this stem presents no unusual features. It 
has the structure of a typical woody dicotyledon. The 
comparative anatomy of the angiosperms is not suflicien11y 
understood at present to establish the genetic relationships 
or aflinities of a stem WIthout a great deal of laborious 
research. As the piece of wood described presents no 
outstanding features or peculiarities by which it may be 
distinguished, it does not seem necessary for present 
purposes to attempt to assign it to any partiCUlar Family. 

The earliest authentic record of angiosperm remains is 
that of Thomas (1921), who has described fruits from the 
Middle Jura'!sic, England. From the Upper Cretaceous 
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to Tertiary times remains are abundant. In the Lower 
Cretaceous only 5 fossil stems have been described (Stope. 
1912), and from the Upper Cretaceous 5 from Japan 
(Stopes and Fujii, 1909), and several others by different 
authors. Though there are few records of descriptiona, 
fossil wood is known to be fairly abundant in the Tertiary. 

It thus seems that though this specimen might indicate 
any horizon above the Lower Cretaceous, it is most likely 
that we are here dealing with a Tertiary fossil. 

The following papers were consulted:­
M. C. Stopes and K. Fujii. 

1909.-"Studies in the Structure and Aftinities of Cretaceous 
Plants." Phil. Trans. Roy. Soc. Lond., Vol. 201. 

M. C. Stope&. 
1912.-"Petrifactions of the Earliest European Angio­

sperms." Phil. Trans. Roy. Soc. Lond., Vol. 203. 
B. W. Thomas. 

1921.-"On a New Group of Angiosperm Fruits from the 
Middle Jurassic of Yorkshire." British Assoc. Report, 
Abstract only. 

Papers to which Reference tS Malle. 
Andrews, B. C. 

1. 1901.-Repol·t on the Kiandra Lead. N.S.W. Dept. of 
Mines and Agriculture, Geol. Surv. Mineral Resources. 
Np. 10, pp. 15, 19. 

2. 1903.-An Outline of the Tertiary History of New Eng­
land. Records of the Geol. Surv. N.S.W., Vol. VII, 
Pt. 3, p. 140. 

3. 1904.-The Geology of the New England Plateau. 
Records of the Geol. Surv. N.S.W., Vol. VIII, Pt. 4. 

CottGll, L. A. 
4.. 1909.-The Tin Deposits of ~e.w England, N.S.W. 

Proceedings of the Linnean Society of N.S.W., Vol. 
XXXIV, Pt. 4, pp. 736, "..... 

Da'fid, T. W. B. 
6. 1887.-Geology of Ve,e", Creek Tin-minin, Field. 

Dept. of Mine., Geol. Surv. N.S.W., p. 15. 
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DeIae, B. 
S. 1902.-Note on Fossil Leaves from the Tertiary Deposita 

of Wingello and Bungonia. Records of the Geol. 
Surv. N.S.W., Vol. VII, Pt. 2, pp. 59-66, Pl. 16-17. 

Duper, L. F. 
7. 1916.-Geology and Mineral Resources of the Southern 

Coalfield. Memoir of the Geol. Surv. N.S.W. 
Geolflgy No.7, pp. 22, 37, 52. 

8. 1916.-Annual Report Dept. Mines, N.S.W., p. 228. 
9. 1918.-Annual Report Dept. Mines, N.S.W., p. 158. 

10. 1924.-Dept. of Mines, Geol. SurY. Bulletin No. 10, 
Silica. 

Jaquet, J. B. 
11. 1901.-The Iron Ore Deposits of N.S.W. Memoirs of 

the Geol. Surv. N.S.W., Geology No.2, p. 95. 

Jenaen, B. I. 
12. 19l0.-Soils of New South Wales, Agricultural Gazette 

of N.S.W., 1910, p. 98. 

KeDllJ, B. J. 
13. 1924.-Siliceous Earths and SaMs. Dept. of Mines, 

Geol. Surv. Bulletin, No. 15, pp. 17-18. 

So.milch, C. A. 
14. 1923.-Presldentlal Address, Joum. and Proc. Royal 

Society of N.S.W., Vol. LVII, pp. 24, %5, 40. 

Woolnough, W. G. 
15. 1909.-The General Geology of Marulan and Tallong, 

N.S.W. Proe. Linn. Soc. N.S.W., Vol. XXXIV, Pt. 4. 

Woolnough, W. G .. and Taylor, T. G. 
16. 1906.-A Striking Example of River Capture in the 

Coastal District of New South Wales. Proc. Linn. 
Soc. N.S.W., Vol. XXXI, Pt. 3. 
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Jona1 JorieiU of 'em ,iout~ malts. 

MAY 6TU, 1925. 

The Annual Meeting, being the four hundred and 
fifty-second General Monthly Meeting of th(' Society, was 
held at the Soci('ty'~ Hou,*,. 5 Elizabeth Street, Sydn('y, 
at 8 p.m. 

Dr. C. Anderc;on, Pre'lident, in the Chair. 

Forty-six members w('rf' present. -

The Minute'! of the Gen('ral Monthly M('etinj:!: of the 
3rd Dec('mber, 1924, ,v('re read and confirmed. 

The certificate'! of two candidates for admission as 
ordinary membf'rs Wf'rf' reael: ont' for the second, and one 
for the fir'!t time. 

The following g('ntleman wall duly elected an ordinary 
member of th(' Society :-Claude Henry OBe. 

rt wac; announced that the following memberc; had died 
during the recess :-Mr. H. E. Barff, Mr. W. H. Baxter, 
Professors W. A. IIa'lwell and J. 1. Hunter, and Dr. W. 
Botting Hemsl('y an Honorary member. 

Letters were read from Mrs. W. H. Baxter, Mrs. W. A. 
Haswell and Mrs. J. r. IIunter 'expressing thanks for the 
Society's sympathy in their recent bereavements. 

The Annual Financial Statement for the year ended 
31st March, 1925, was submitted to members and on the 
motion of Profe_or Chapman was adopted -
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GBNBlUL ACCOUNT. 
RECEIPTS. 

To Revenue­
SubacriptioDs 

If Rente-

£ s.d.' s.d. £ s.d. 

729 15 0 

Ofllces ...... 
Hall and Library .. 

" Sundry Receipts .. .. 

.. 679 16 
.. 299 9 

" Govemment Subsidy for 1924 

0 
5 

979 5 6 
28 2 10 

400 o 0 
2187 3 8 

" Clarke Memorial Fund­
Loan to General Fund 

(interest) •. .. .. .. 
.. Building Loan Fund .. .. 
.. Building Investment Fund­

Loan to General Fund .. 
.. Balance-Union Bank of 

Australia Ltd.­
Overdrawn A c c 0 u n t, 

Head Office 
Less PettJ Cash on 

2008 2 7 

59 16 Ii 
1150 0 0 

400 0 0 

Hand ....... . 503 
----22008 2 , 

£5750 2 0 

PAYMENTS. 

• £ s.d. £ s.d. £ s.d • 
By Balance-31st March, 1924 
" Administrative Expenditure-
" Salaries and Wages-

o 
o 

Ofllce Salary and Ac­
countancy Fees.. •. 259 15 

Assistant Librarian . . 48 0 
Caretaker .. .. .. .. 241 Ii 9 

---649 
II PrInting, Stationery, Ad­

vertising and Stamps-
Stamps and TelecraJD8 45 15 6 
OtBce Sundries, Station-

ery, lie. .. .. 10 16 5 
AcivertiliDc 11 7 0 

o 9 

PrintiDs •• .. .. .. .. 60 16 0 
_--1181811 

3463 19 I). 



It Bates, Ta:&eI aDd Serricu­
Electric Licht •. .. 
Gu .•........ 
IllIuranee .. " .. .. 
Rates ...... .. 

'14 1 11 
11 9 4 
32 15 8 

198 11 '1 
Telephone ...... .. 12 1 3 

--- 32819 '1 
"Printing and Pnblishing 

Society's Volume-
Printing, etc. •. •. .. 868 13 2 
Bookbindinc .. .. .. .. 41 10 0 

---400 3 2 
" Library-

Books and Periodicals.. 68 12 2 
Bookbinding .. •. 98 9 0 

---16'1 1 2 
" Sundry Expenses­

Repairs ...... 
Lantern Operator 
Bank Charges .. 
Sundries ...... 

28 8 6 
1'1 1'1 0 
04'1 

32 16 10 

Y. 

'19 4 11 
_---'1658 3 G 

., Interest-
Union Bank of Australia 

Ltd •.•.......• 
Clarke Memorial Fund 
Building Loan Fund .. 

.. Building and Investment 
Fund .......... 

133 3 
59 16 
39 18 

9 
5 
6 

232 18 8 

400 0 0 

£6760 2 0 

CLARKE MEMORIAL FUND. 

BALANCE SHEET AS AT 31st MARCH, 1925. 
LIABILITIES. 

Accumulation Fund-
Balance as at Slst March, 1924 
Additions during the year­

Interest and General Fund .. 

£ s.d. £ s.d. 

.. 905 11 10 

.. 69 18 6 
---965 8 8 

'"6 8 a 
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ASSEIfS. 

Loan to General Fund •• 
£ •• cL 

.. 965 8 & 

8 a 

STATEMENT OF RECEIPTS AND PAYMENTS FOR 
THE YEAR ENDED 31at MARCH, 1925. 

RECEIPTS. 
;£ •• d. 

To Interest-Loan to General Fund •• •. .• .. .. 59 18 6. 

PAYMENTS. 

By Loan to General Fund .. .. .. 

:£59 18 6. 

£ •• d. 
59 16 6. 

£59 18 6. 

Compiled from the Books and Accounts of the Royal Society 
of New South Wales, and certified to be in accordance 
therewith. 

(Sgd.) HENRY G. CHAPMAN, M.D., 
Honorary Treasurer. 

(Sgd.) W. PERCIVAL IIINELL, F.C.P.A., 
Auditor. 

Sydney. 18th April, 1925. 

On the motion of Professor Chapman, seconded by Dr. 
Greig-Smith, Mr. W. P. Minell was duly elected Auditor 
for the current rear. 

It was 'announced that the Council had awarded the 
Clarke Memorial Medal to Mr. Charles Hedley, F.L.8., and 
the Presiden1 then made the presentation. Mr. Redle, 
expressed his appreciation of the Council's action in 
making the award. 

The President announced that Popular $eience ~ 
for the Session were being arraIlfCKL I 

The A~ual Report of tile .0 ........ reaG, and OD 

the motion of Professor Von .... , lBOORded by Mr. R. B. 
Cambage, was a"'pted.:-
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ANNU,AlJ REPo .... 01' THE COWOIL I'OB THB YlWI1924-1925. 
(1st May to 29th April). 

The Council regrets to report the loss by death of ten 
ordinary members and one honorary member. Eight 
members have resigned. On the other hand, twenty-three 
ordinary members have been elected during the year. 
To-day (29th April, 1925) the roll of members stands at 
379. 

During the Society's year there have been eight general 
monthly meetings Bnd ten Council meetings. 

Four PopUlar Science Lectures were given, namely:­

June 19--"Conditions of Life and Travel in the Interior 
of Australia," by W. G. Woolnough, D.Se., F.G.S. 

July 17-" Experimental Observations on the Organisation 
of the Human Nervous System," by Prof. J. I. 
IIunter, Ch.M., D.Se. 

August 21-" Solar Radiation," by J. J. Richardson, 
A.M.I.E.E. 

September 18-" Science and tht' Land Industries," by 
Prof. R. D. Watt, M.A., B.Sc. 

Meetings were held throughout the Session by the 
Sections of Geology, Agriculture and Industry. 

The inaugural meeting of the Section of Physical 
Science was held on Thursday, 16th October, 1924, the 
following officers being elected:-

Chairman-Professor O. U. Vonwiller. 

Bon. Secretaries-Professor V. A. Bailey, Mr. J. J. 
Richardson. 

Committee-Rev. E. F. PilOt, Prof. J. P. V. MadaeD,. 
Mr. A. B. B. Ranclaud, Mr. E. M. Wellish. 
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T'ftIlty .. two papers weN ftIId at tile JleDthl1 KeetiDp 
.and covered a wide raDge of IRlbjeeta. In most cue. they 
were illustrated by exhibits of interest. 

The Council has awarded the Clarke Memorial Medal 
to Mr. Charles Hedley, F.L.S. 

The following members have been honoured during the 
,.ear:-J. J. C. Bradfield, D.Se., Engineering and 
University Medal; Dr. L. A. Cotton, to the Chair of 
Geology in the University of Sydney; Sir Edgeworth 
David, Honorary Degree of Correspondent to the 
Geological Society of America; Prof. J. I. Hunter, ,M.D., 
and University Medal; Prof. J. Kenner, F.R.S.; John 
Bulman, Knight Bachelor; Dr. R. J. Tillyard, F.R.S.; 
G. A. Waterhouse, D.Se. &ad University Medal. 

At the meeting held on 27th May, 1924, the Society 
had the pleasure of the presence of Dr. V. Stefansson, the 
Arctic Explorer, and of Mr. David Unaipon, 8 descendant 
of the Aboriginals, on the 3rd December. 

The Annual Dinner took place at "The Marlborough", 
92 King Street, Sydney, on Tuesday, 28th April, 1925, 
when we were honoured by His Excellency Sir Dudley 
Rawson Stratford de Chair, K.C.B., M.V.O., Governor of 
New South Wales'lnd by the Presidents of several societies. 

Owing to' the expansion of the Institution of Engineers, 
Australia, that body found it necessary to secure more 
com.modious premises and vacated the rooms which had 
been occupied in this Society's House. 

As new tenants the ~ now bas the Australian 
AlSOciation for the Advancement of Seience, Wirele88 
Institute of Australia, N.S. Wales Chamber oC .4pieW.ture 
and the Institute of Optometrists of Ii.' ._. 

• The dODationa to the Library ha"fe ...... foUowa:-
34 volumes, 779 parts, 10 reports, 3 maps and 1 ealendal'. 
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The following 'donationa were laid upon the table)­
.878 parts, 9 volumes, 2 maps, 1 l'eport and 1 calendar. 

Tbe President, Dr. C. Anderson, then delivered his 
.&ddr .. 

There being no other nominations, the President 
declared the fonowing gentlemen to be oftieers and council 
for the coming year:-

P .... ldent: 

ProleI8or B. D. W A. rr, •. A" ..... 

Vtoe-Pre.tdent. : 
1. BABGLE, 0 ........... A.', I C. A. SUSSMILCB, ".G.'. 
E. C. ABDREWS ••• A., I'.G... ('. ANDERSON ••• A., D .... 

Hon.T ..... urer 
Prof. H. G. CHAl'lUN, • .D. 

Han. tIIeoretarle., 
B. H. CAHHAG.I!:. '.L... , IL GREIG-BlUTH, D." .• lie 

Membera uf Council: 
B. W. CH&.LLINOR .... 10 •• 1'.0.8. (:I. 1i..atk:.I!:R, D •• 

E. CJlEEL. Bev. 1!l. )'. I'IUO'I'. '1 •• • --'., .... 

Prof. L. A. COT1'ON, •. A. D." 

Prof. Sir .l!:DGBWORTH DAVID, 
K •••••• o .•. G., »".0 • 1' •• I •• D .. 

W. 8. DUN, 

W. POOLE •• B., Jl "'"" a. .... J ••• ~ 
.. La A_.M _ UI. 

Prof. J. DOUGLAB S·I·.I!:WAKT, 
B.V ....... a.o.V ... 

W O. Y,OOLNOUGH, D .... I'.G ••• 

The out-going President then installed Professor R. D. 
Watt as President for the ensuing year, and the latter 
briefly returned thanks. 

On the motion of Dr. Woelnough a hearty vote of thanks 
was accorded to the retiring President for his valuable 
.addre .... 

Dr. C. Anderson briefty acknowledged the compliment. 

JUNE San, 1925. 

The four hudred and ftfey-third General Monthly 
¥eetiaa wu held at the Society '. Houae, 5 Jilliabeth 
Street, at 8 p.m. 
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Professor R, D. Watt, President, in the Chair. 
Twenty-four members were present. 

The Minutes of the preceding meeting were read and 
confirmed. 

The Presldent announced that Mr. R. H. ClUJlbage had 
received the hODour of Commander of the Order of the 
British Empire, and suggested that a telegra;m. be sent 
conveying the congratulations of the members upon hi .. 
having received the well-deserved honour. 

The certificates of six candidates for admission as. 
ordinary members w('re read: one for the second and five 
for the first time. 

The following gentleman was duly elected an ordinary 
member of t&e Society ·-Ernest John Bryce. 

It was announced that since our last meeting Dr. Eric 
Sinclalr had died. He had been a member for forty-three. 
years . 

.A letter was read from Mrs. H. E. Barff expressing 
thanks for the SOClety's sympathy in her recent 
bereavement. 

The followlDg donatIOns were laid upon the table:-
6 volume!> and 76 parts . • 

The PreSident called the attention of members to the 
Donovan Lecture to be delivered on June 18th, by 
Profe&sor O. U. Vonwiller at the University of Sydney. 

The Presidellt announced that Sir Joseph Carruthers, 
K.C.M.G., ere., would deliver a Popular Science Lecture 
upon "The Hawaiian Island.", in the Society's Han on 
June 25th, 1925. 

THE FOLLOWING PAPER WAS BBAD: 

"The Essential Oil of B01'Mt4a cfwdtWtJ and the 
Oceurrence of CitroD,ellol, " by A. R. Penfold", 
F.A.C.I., F.e.S. 
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Remarks were made by Professor J. Kenner, Messr8~ 
B. W. Challinor and E. Cheel. 

EXBIBrrS: 

1. Mr. G. Hooper exhibited specimens of the timber or 
Pi"u, radiata, popularly known as P. i'Bsignis, which were 
remarkably free from knots. 

Mr. Me B. Welch described the specimens and remarked 
upon the suitability of the soft timbers for general 
building purposes. 

Remarks were made by Professor Douglas Stewartp 

Messrs. R. T. Dalrymple-Hay, W. Freeman, J. Farrell,. 
E. Cheel and the President. 

2. Dr. G. Harker exhibited specimens of celanese or 
artificial silk and discussed the manufacture of artificial 
silk generally and the dyeing of the manufactured 
material. 

._ 
Remark& were made by Professor Douglas Stewart and 

Mr. E. G. Bishop. 

JTTL Y 1ST, 1925. 
The four hundred and fifty-fourth General Monthly 

Meeting was held at the Society's House, 5 Elizabeth 
Street, at 8 p.m. 

Professor R. D. Watt, President, in the Chair. 

Twenty-eight members were pre&ent. 

The minutes of the preceding meeting were read and 
confirmed. 

The President referred to the honour of C.B.E •• 
recently conferred upon Mr. R. H. Cambaae and conveyed 
to him personally the congratulations of the members. 
Mr. Cambage thanked the President and members. 

The certificates of five candidat~ fN admission 18 

ordinary members were read for the second time. 
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The followm., pntlem.en welle duly eleoted ordiDary 
members of the Society:-Norman Bartlett Friend, John 
Smith Purdy, Theodore Cleveland Rougbley, Cyrus 
Willmott Oberon Tye and Lucien Barker-Woden. 

A. letter was read from the relatives of Dr. Eric Sinclair 
expreuing thanks for the Society's sympathy in their 
recent bereavement. 

The following donations were laid upon thc table:-
396 parts, 6 volumes and 19 reports. 

THE FOLLOWING PAPERS WERE BEAD: 

1. .. A third contribution on the Homologies of the 
Parasphenoid Ectopterygoid and Pterygoid Bones 
and of the Metapterygoid, " by II. L. Kesteven, 
D.Se., M.D. 

2. "The Parabasal ('anal and Nerve Foramina and Canals 
in the Bird tlkull," by H. L. Kesteven, D.Se., M.D. 

In the abloenee of the author, these two paper!> were 
briefly described by Dr. C. Anderson. 

3. "Note on the Identity of lTncineol with Ellde .. mol," by 
A. R. Penfold, F.A.C.I. 

Remark'! were made by Dr. G. Harker. 

4. "Multiple Births, their Characteristic!> and Laws 
mathematically con~idered," by Sir Georgt" Knibbs, 
C.M.G., F.S.S., F.R.A.S. 

In the absence of the author, the paper was de~cribed 
by Professor II: G. C'hapman. 

Remarks werE' made by Professor Douglas Stewart, Dr. 
G. Harker, Messrs. W. FrE'eman, A. A. IIamilton and 
PrefeS80r Chapman. 

AUGUST 5TU, 1925. 
The four hundred and fifty-fifth General Monthly 

Meetin« WI8 held at the Society's House, 5 Elizabeth • Street, at 8 p.m. 
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Professor R. D. Watt, President, in the Chair. 

Twenty-nine members were present. 

xiii. 

The minutes of the preceding meeting were read aad 
confirmed. 

The certificate of one candidate for admiuion as an 
ordinary member was read for the first time. 

The President announced that .Associate-Profeaor 
H. Priestley, M.D., Ch.M., would deliver a Popular Science 
Lecture on "Vitamines" on Thursday, 20th August, 1925. 

The President announced that the good wishes of the 
Society would be tendered to Sir Edgeworth David by 
members prior to his leaving for England, and that the 
function would probably take place on Friday, 14th 
instant, at 4 p.m. 

The following donations were laid upon the table:-.-
63 parts, 4 volumes and 3 reports. 

THE FOLLOWING PAPERS WERE READ: 

1. "The Essential Oils from the Leaves of MurraytJ 
lroenigii (Spreng), M'Urraya exotica (Linn.) and 
M 'Urraya exotica var. o1.'atifoliolata (Engler)," by A. 
R. Penfold, FA C.I., and Professor J. L. Simonsen, 
D.Se., F.I.C., F.A.S.B. 

Remarks were made by Mr. Cheel. 

2. "Description of sixteen New Species of Eucalyptus,'" 
by J. H. Maiden, I.S.O., F.R.S., and W. F. Blakely. 

Remarks were made by Mr. R. H. Cambage and Dr. 
G. Harker. 

A paper on "The Kosciusko Plateau,P a TOPQlraphict 
Reconnaissance, by Associate-Professor Griffith Taylor, 
D.Se •• B.E., B.A., Assistant-Professor W. R. Browne, D.Se., 
and P. Jardine, B.Sc.. was postponed until nut mee~ 
owing to the absence of the authon. 
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. SEPTEMBER 2ND, 1925. 
The four hundred and fifty-sixth General Month17 

Meeting was held at the Society's House, 5 Elizabeth 
Street, at 8 p.m. 

Professor R. D. Watt, President, in the Chair. 

Tw(>nty-seven memberlil and: one visitor 'Were present. 

The minuteq of th(' preceding meeting were read and 
lConfirmed. 

The c(>rtificat(' of one canrlidatp for admission as an 
'Ordinary tn(>mber "AC! read for th(> second time. 

The following gentleman waC! duly elected an ordinary 
member of the Society:-William E. Clark. 

The President offered the greeting'!! of the Society to 
Mr. A. D. Ollp on hi'! return after a trip abroad. Mr. 
QUe repli('d dellCribing his travelq and mentioning the 
scientific men he had met, many of whom had, through 
him, sent thE'ir grE'etings to the Society. 

The Prec,ident announced that an informal meeting of 
members would takE' place on Monday, September 14th, 
at 4 p.m., to welcome Sir Ernest Rutherford, who had just 
arrived at Adelaide from England. 

The President Announced that Profp'I'IOr J. K('nner 
would deliver a Popular SciencE' IJecture on "The 
Influence of Organic Chemistry on Economic Conditions", 
on Thursday, S~ptemhE'r 17th, 1925. 

The following donations were laid upon the table:-
295 parts, 2 volumes, 3 rE'ports and 1 map. 

THE POLLOWING ., ...... 8 WERE BEAD: 

1. "The Ko'!!ciu'lko Plateau," a Topographic Reconnais­
sance, by .Associate-Professor Griftlth Taylor, 
D.Se., B.E., B.A., Assistant-ProfellllOr W. R. Browne, 
D.Se., and P. Jardine, B.Sc. 
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In the a'bsenel! of the authors the paper was read by Mr. 
a B. Cambage. 

2. "The Essential Oil of Eriostemon myoporoides (De 
Candolle)," by A. R. Penfold, F.A.C.I., F.C.S. 

In the absence of the author the paper was read by 
Mr. F. R. Morrison. 

Remarks were made by Me'iSr'l. R. H. Cambage, E. Cheel 
and R. W. Challinor. 

3. "The Human Sex-Ratio and the Reduction of 
MasculInity through Large Families," by Sir George 
Knibbs, C.M.G., HOD. F.S.S. • 

In the absence of the author the paper was read by 
Professor H. G. Chapman. 

4. "Molecular Solution Volumes and Association," by G. 
J. Burrows, B.Se, and A. E. James, B.Sc • . -

EXHIBIT: 

Profe'Jsor H. G. Chapman on behalf of Dr. J. M. Petrie 
exhibited specimen'J of mesentery stained to show the 
presence of potassium in the intercellular cement between 
the endothehal pavement cells. 

OCTOBER 7TH. 1925. 

The four hundred and fifty-seventh General Monthly 
Meeting was held at the Society's House, 5 Elizabeth 
Street, at 8 p.m. 

Professor R. D. Watt, President, in the Chair. 

Twenty-seven members were present. 

The minutes of the preceding meeting were read and 
conftl'Dled. 

The eertificates of two candidates for admission as 
ordinary members were read for the first time. 



m. 
The President alUloueed that the Hon. Sir Joaeph 

Carruthers, K.C.JrI.G., etc., would deliver a Popular Soienee 
Lecture on "The Hawaiian Ialands", on Thursday, 22Dd 
Oetober, 1925. 

The following donations were laid upon the t&ble:-
136 parts, 2 volumes and 5 reports. 

THE I'OLLOWING PAPERS WERE READ: 

1. "Acacia Seedlings," Part XI., by R. H. Cambage, 
C.B.E., F.L.S. 

2. "Further Observations on Stackys arvenriB," Stagger 
Weed as a Cause of Staggers or Shivers in Sheep, by 
H. R. Seddon, D.V.Sc., W. L. Hindmarsh, B.V.Sc., 
M.R.C.V.S., and H. R. Carne, B.V.Se. 

In the absence of Dr. Seddon, the paper was read by 
Mr. Max Henry and Mr. Carne. 

Remarks were made by Messrs. A. D. OUe, A. R. 
Penfold and Dr. S. Dodd. 

3. "The Fixed Oil of the Seeds of the Kurrajong," by 
F. R. Morrison, A.S.T.C. 

Remarks were made by Messrs. W. M. Doherty, A. R. 
Penfold and S. Birrell. 

4. "Notes on the Principal Indigenous Timbers of the 
Natural Order Saxifrageae," by M. B. Welch, 
B.Se., A.I.C. 

5. "The use of Phosphorus Pentachloride in the 
preparati<!_n of Glycerides, " by R. K. Newmaa, 
V. M. Trikojus, B.Sc. and G. Huker, D.Se., 

Tht" paper was read by Dr. Harker and remarks were 
made by Mr. R. W. ChalliJMl1'. 

~'lj: 

Mr. R. Graat exhibited a water sampler, an apparatus 
for taking samples of water at varioUi depths for 

, bacteriological examination. 
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NOVEMBER 4TH, 1925. 
The four hundred and fifty-eighth General Monthly 

J.!eetiDg was held at the Society's House, 5 Elizabeth 
Street, at 8 p.m. 

Professor R. D. Watt, President, in the Chair. 

Twenty·six members and three visitors were present. 

The minutes of the preceding meeting were read and 
confirmed. 

The certificates of three candidates for admission as 
ordinary members were read: two for the qecond and one 
for the first time. 

The follo""ing gentlemen wt're duly elected ordinary 
members of the Society:-lIarris Eric Marshall Curry 
and Charles Adrian Jt'nkins. 

The following donations were laid..,. upon the table:-
72 parts, 4 volumes, 6 reports, 1 map and 2 calendars. 

TIlE FOLLOWING PAPERS WERE READ: 

1. "The ('onstitution of Australol," by J. C. Earl, 
B,Se., Ph.D., and V. M. Trikoju8, B.Sc. 

The papt'r was read by Dr. Earl and remarks were made 
by MessrR. R W. Challinor, A. R. Penfold and Prof . 
.J. Kenner. 

2. "The Essential Oils of Melaleuca linariifolia (Smith) 
and Melaleuca alternifoUa (Cheel)," by A. R. Penfold, 
F.A.C.I., F.C.S. 

Remarks wert' made by Prof. J. Kenner. 

3. •• Note on the Earthquakes at Murrumbateman during 
March aml April, 1924, arid January to 'April, 1925," 
by Prof. L. A. Cotton, M.A., D.Se. 

Remarks were made by Dr. W. G. Woolnough and 
.Auistant.Professor W. R. Browne. 



4:. "The Identifi.eation of the PriBeip&1 Ironbarb and 
Allied Weoch," by M. B. Welch, :8. ... 

DECEMBER 2ND, 1925. 
The four hundred and fifty-ninth General Montlaly 

Meeting was held at the Society's House, 5 Elizabeth 
Street, at 8 p.m. 

Professor R. D. Watt, President, in the Chair. 

Twenty-nine members were present. 

The minutes of the preceding meeting were read and 
confirmed. 

The PresIdent announced the death of the Queen Mother, 
Queen Alexandra, and stated that the Council had passed 
a resolution of sympathy with the Royal family. 

The President announced the death of Mr. J. H. Maiden, 
who had been a member of this Society for forty-two years, 
twpnty-nme year'! a member of the Council, of which period 
he was two years President and twenty-two years Honorary 
Secretary. 

The President also announced that the following 
resolution had been passed by the Council:-

"That the members of the Council of the Royal Society 
of New South Wales desire to record in the minutes 
their great sorrow at the death of their most highly 
esteemed and beloved colleague, Joseph Henry Maiden, 
and to express their great appreciation of hib unselfish 
and valuable assistance given to this Society for so many 
years, of his monumental work in the field of Australian 
botany, and also of his eminent service in the 
advancement of science throughout the Commonwealth." 
'rhltl l'el>o\ution walo endol''\ed by members, aU standing. 

The certdicate of one candIdate for adm188ion as an 
ordinBl'Y member WBS read lor the second time. 
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The following pntleman was duly elected an ord.inary 
member of the Sooiety:-George Augustine Taylor. 

The following donations were laid upon the table l­

S volumes, 175 parts, 8 reports and 2 calendars. 

THE I'OLLOWING PAPERS WERE READ: 

1. "The Germicidal Values of some Australian Essential 
Oils and their pure constituents, together with those 
for some Essential Oils," Part iii., by A. R. Penfold, 
F.A.C.I., F.C.S. and R. Grant, F.C.S. 

Remarks were made by Messrs. R. W. Challinor a:rJ.d 
W. M. Doherty. 

2. "The Essential Oil of Baeckea GunniaM, var. latifolia 
(F.v.M.)," by A. R. Penfold, F.A.C.I., F.C.S., 

Remark,! '\\er(' made by Dr. G. Harker. 

3. "The Tannins of the Black Cypress Pine caamtris 
colcarata R. Br.), and their Distribution in the Bark," 
by F. A. Coombs, A.A.C'.I., W. McGlynn, and M. B. 
Welch, B.Sc. 

Remarks were made by Mr. A. R. Penfold and the 
President. 

4. "On the Occurrence of water-worn Pebbles of Coal in 
the Upper Coal Measures at Red lIead, N.S.W.," by 
C. A. Sussmileh, F.G.S. 

Remarks were made by Mr. G. D. Osborne and Assist.­
Professor W. R. Browne. 

5. "Some Tertiary Formations on the South Coast of 
N.S. Wales," with special :reference to the Age and 
Origin of the so-called "Silica" Rocks" by Miss Ida 
A. Brown, B.Se. (communicated by Professor L. A. 
Cotton, D.Se.). 

Remarks were made by Assist.-Professor W. B. Browne, 
Mr. R. H. Cambage and Dr. G. Harker. 
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A BSTRAOT OF THE PROOEEDINGS 
01' ft. 

GEOLOGICAL SECTION. 

Anft_1ll Meeting, Mag 15, 1925. 

Professor Sir Edgeworth David in the Chair. 

Eleven members and four visitors were present. 

Profe880r Sir Edgeworth David was J'f'-eleeted Chairman 
for the year. Mr. E. C. Andrews was elected Chairman 
OD the departure of Profeaaor Sir Edgeworth David for 
England, and Mr. T. Hodge Smith, Hanorary Secretary. 

Mr. Chester Washburn delivered a leeturet~, illUBtrated 
by lantern slides, on "A New Conception of Geological 
Faults". The lecturer stated that faults are caused by 
compression and not by tension. The eompreasion forces 
en rocks gradually become greater until the elastic limit 
of the rock is reached, when faultiDg takes place with a 
1Judden sharp movement. In the case of a normal fault 
the hanging wall side does not subside but the footwall 
side is pushed up. Furthermore, the fault plane is a 
'Curved svface, concave to the footwall aide. Applying 
this principle to Rift.valleys the fault plan. on either 
:aide of the Valley are tbe result of different periods of 
faultina, and thus it is pGI$Iible to flnd a hoist t1Ulderground 
'Vertioally below what is a trough on. the aurfaoe. 

II .... B. C. Aadre'ft &Ild C. A. aa..ileh, Profaor 
L. A. Oottoa ... the CJWnua ~ the views pat 
fotwaN It1 Mr. Wakb1U'lL 
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JUft6 19, 1925. 

Professor Sir Edgeworth David in the Chair. 

Fourteen members were present. 
nnIBITS: 

1. By Bev. R. T. Wade-Stalactites of carbonate of lime­
.taken from a cave at National Park, New South Wales. 
The cave occurs in sandstone and the supply of lime 
is derived from solutionll reaching the cave through 
joint planes and crack!> in thl' handstone. It was 
decided to approach the Trustees of the National Park 
seeking adequate protection for such interesting cave •• 

2. By Prof. L. A. Cotton-An insect's wing (fossil) from 
Belmont, New South Wales. 

3. By Mr. G. D. Osborne and Dr. A. B. Walkom-A 
zygopterid stem (C1epsydropsu au,trali.). The­
material was obtained in a coarse conglomerate of 
Kuttung age, probably at least 2000 feet above the base 
of the Kuttung Series. 

4. By Assistant-Professor W. R. Browne-A specimen of 
the Cambewarra Trachyte, unusually amygdaloidal .. 
giving the rock an appearance of conglomerate. 

5. By Mr. G. W. Card, from the Mining and Geological 
MuselllD-(a) Cambrian Trilobites from China. (b) 
~andstone "Balls" from the Broken Hill Proprietary 
Silica Quarry, Wondabyne, HawkClilbury River, New 
South Wales. 

Mr. C. A. Sussmilch delivered a lecturette on the­
physiography of the liunter River Val1ey, illustrated by 
maps and seetions. The lecturer _d that the region i .. 
primarily a tectonic feature much,.-m.ed by aubaequent 
denudation. Daring the uplift _h produced the main. 
tableland of New South W., !this regicm lairced behiD~ 
being uplifted only from l2<JO..1500 feet,· whtreaa' tile hkHdt 
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to tile north (New B1tgJad) w .. uplifted 8000-500O feet,. 
ud tbat to tile 80uth (The Blue MollDtaiDa) abont 30()() 

feet. Great fault scarps in part mark the junction between 
the lower and highin' bloeb. The western part 0{ the­
Hunter River tableland (}lerriwa Tableland) W88 shown 
to extend aeroBl the Main Divide in a westerly direction 
without any break, and to be continuous with the Mudgee­
Coolah Tableland. The Hunter River Tableland is in itself 
not a simple block but varies in altitude and is in places. 
warped and faulted. The uplift which produced the 
tableland was intermittent, there being well-marked erosion 
levels at 400 feet and 125 feet above the present b888' 
level. 

Remarks were made by Professor Griftiths Taylor. 
Assistant-Professor W. B. Browne, Messn.. G. D. OsborDlt 
and M. Aurousseau. 

July 17, 1925. 

Professor SIr Edgeworth David in the Chair. 

Nine members and four visitors were present. 

EXHIBITS: 

1. By Mr. D. !:Jcully, per Dr. C. Anderson-A fossil fish. 
(unnamed) from Brookvale, New South Wales. 

2. By Professor L . .A. Cotton-A fosail plant (unnamed) 
from the Narrabeen Horizon. 

3. By Rev. R. T. Wade-Photos of cross bedding in 
sandstone at Killara, New South Wales. 

4. By AuistaDt·Profea&Ol' W. R. Browhe-(a} Tutr ..nth 
apparent iJloluaioDl of :bel' Tutr or ebert from Oberon 
Road, Ilear Jenolan C • .,., New South Wales, similar 
to that of Devonian &po (b) Ordo"riciaa pbJUites. 
Ihowiq becldiDr aad IOhiRoaity. 



& a, 1&. W. J.IIMIe-A BU_. of speeim_ flroIa .., 

Kout ilia Field, Queeuland, m .... tiq the Ol'e 

depoai.t aad. ~1013' of the field. 
Mr. W. Poole pve a short account of his receDt 'fiIit to 

the :Mount lea Mines. 
Dr. C. Anderson gave a leeturette on uThe Geological 

Aspect of his Presidential Address", pointing out that 
there were two schools of thought on the question as to how 
the flora and fauna came into Australia. One favoun 
their introduction via the Antarctic Continent which at 
.one time connected Australia, New Zealand, South Africa 
.and South America. The other school maintains that they 
.originated in the north or in the tropics and spread to the 
.south Lands by radiating patlls, and that while their 
ancestors have beeome extinct in the north they have 
.survived in the south. Both schools of thought require 
land bridges, and the geological problem is to discover 
where these land bridges were located and at what time 
they existed. The present-day distribution of the fauna 
.and flora provides evidence which is conflicting and diftleult 
to determine. The marsupials are represented in Australia 
.and the islands to the north as far as the Celebes and in 
South America. A f~w species are found in the South of 
North America.. But in the Geologieal Record there is 
evidence of marsupials existing in the north as early II 
Cretaceous. Marsupials of early Tertiary age have heeD. 
found in France and Germany. If they came from the 
north one would expect to tbld marsupial fossils in the late 
Mesozoic or early Tertiary, "but SO far they have Dot beeD 
found. However, ODe can point to ~ Ipaucit1 of fOllil 
.manapi&1s in Aaatnlia, and it iI a q...iia of the relative 
"'Value of tJtis neptive evi~ 

:tlr. K. Avouuelu augeated that the W ..... 
Hypothesis of driftiq ~tiae.ta appMt'ed ta .... tbe 
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mOlt .15l1faetor, explanation af. the pftleJ1tGY diltnlro· 
tion of fauna and flora. 

Prot.aor L. A. Cotton pointed out that according to the 
theory of iaolltacy where differences in density were 
fundamental, it is diftieult to move continents as suggested 
by the Wegner hypothesis. 'l'he fauna and flora of Hawaii. 
is extensive, and yet it waq built up in deep water by 
volcanie action in late geological timet. 

Profeasor Sir Edgeworth David pointed out that the beat 
preserved Jurassic flora in the Southern Hemisphere is that 
.at Hopt' Bay, Graham Land. These forms resemble those 
of Australia more than the Australian forma do t.1wse of 
.south Africa and British India. The oldest m8NUpial in 
Australia occurs in Tasmania in the Janjukian beds at 
Table Cape. 

A strong argument i. aft'orded bJ-the polyprotodont type 
in New South Wales in Miocene. In the north thH'e is no 
trace of marsupials in the Miocene deep leads. From 
.south to north higher types are developed. 

Dr. W. G. Woolnough and Rev. R. T. Wade all10 spoke. 

Aecgut 21, 1925. 

Dr. C. Anderson in the Chair. 
Nine members and two visitors were present. 

Mr. G. D. OIborae reported tat at SeaJwn in the 
lIaitlaDd Diltrict, New South Wal-, OIl JulT 18th, 1915 • 
.a ~ti,CJD CerelllClll1 was held. •• porticm. of a 
4I-V COI1UiDiua vanra Iho"frivr ~Wtiou was f~ 
~ u.d 4ecIioated, to tlae iDtel'elltl 01. eoieDae. 

lItohIiot If. .l. COttoa .ad ~Ptof ... W. ~ 
BNinf ........ ·01 1Yr. W ... ...,.'. pI.'IIIIldeatld ' 
.............. f'~ •• .,. of~~uBUtl 
lkwai:b .. ., ............. 



Mr. C. A. SusamilcQ aDd Dr .. Walbm alaQ tooar; pan ill 
the discussion. 

September 18, 1925. 

Dr. W. G. Woolnough in the Chair. 

Four member& were present. 

EXBmITS: 

By Mr. T. Hodge Smith-(a) Crystallised albite from. 
Upper Bingara, New South. Wales. (b) Portion of 
the" Elsinora" meteorite from Elsinora Station, north 
west of Wanaaring, ,New South Wales. 

I 

A general discussion on the exhibits oceupied the time­
of the meeting. 

October 1'6, 1925. 
Mr. E. C. Andrews in the Chair. 

Ten members and five visitors were present. 

EXHmITS: 

1. By Dr. W. G. Woolnough-(a) Phacolite depoloited on. 
a large crystal of calcite showing very regular 
periodicity of growth from Kyogle, New South Wales. 
(b) Zeolites in basalt from Kyogle, New South Wales. 
(c) Fossil worm tracks from Goulburn, New South 
Wales. • 

2. By Mr. C. A. Sussmilch--Crinoid Tribrachiocrinus. 

3. By Mr. G. W. Card, from the Mining and Geological 
Museum-(a) Secondary galeDa from Junction North 
Mine, Broken Bill. (b) Bhodocroaite (perhaps 
intermixed with other carbonates) enveloped with 
pyrite and calcite, fC)rming the ~11inr of. a caviq, 
frQr:a Zinc Corporation Mine, Mken Bill, New South 
Wales. (0) Nati," Bi,amllth interlaminated wlth 
molybdenite, from Mill Saeb 'I ~e, JOllPIate, NeW' 
South Wales. 
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4. By Rev. Jl T. Wade-Foaiil1lsh from Brookvale, New 
South Wales.· 

Dr. W. G. Woolnough gave a brief account of the 
occurrence of zeolites at the Shire Quarry, Kyogle, New 
South Wales. 

Rev. R. T. Wade reported the presence of basalt dykes 
at the Roseville Bridge and on the boundary of Gordon 
and Killara (Sydney Dic;trict) with a Iten(>rai W.N.W. 
strike. 

Mr. E. C. Andrews ga\'e an account of a recent visit to 
the north-western part of the State. The area considered 
extends from the Quel'nsland border for 3io latitude south 
and from the South AUI.tralian border 3° longitude east. 
A number of residuals of Cretaceous rocks consisting of 
conglomE'ratl's, grits, H8ndstone~ and Ishale were found to 
be of ditferent heights. Thl' re..,n of this was that the 
Cretaceous formed an anticline with an approximately 
north and south axil. The residuals were all capped by 
secondary quartzitt> (Tl'rtiary). The underlying Poola­
muceo Series are much folded and faulted along the axis 
of the anticline. Th's fault scarp is well seen at Mt. 
Brown. 

Professor L. A. ('otton, Dr. W. G. Woolnough, Messrs. 
W. S. Dun and C. A. Sussmilch also spoke. 

November, 16. 1925. 
Mr. E. C. Andrews in the (,hair. 
Five members and four visitors were present. 

EXHIBITS: 

1. By Mr. O. W. Card, from the Mining and Gt>Ological 
Museum-A series of roeks illustrating the geology 
of the north·western part of the State. 

2. B1 the Rev. R. T. Wade-A OOIDplete f088il insect and 
a nUlllbel" of fragments from Brookvale, New South 
Wales. 



11.11& ~ .... -..... 
~feIsor W. R. Dzwne ~ the S ..... 

on the "Age and Relation of the MetamorplH .. at tQ. 

M.'ouIO Diltriot, New South Walta". A belt of altered 
Neb hy been traced from a little south of Oooma aordlr­
ward for about thirty miles, and has been foud lIam 
about twenty miles further north at TJwowa in the Fedual 
Capital Territory. The rocks eonsiat mostly of alate&, 
phyllites and micaschists, showing gradually inoreasing 
metamorphism and Injected by gneissie granite rocks of 
two different ages. The metamorphism bas been the result 
of the combined elect of pressure and igneous intrusion. 
The altered rocks, on the evidence of the graptolites in the 
slates, are believed to be of Ordovician age. Of the igneollH 
intrusioDs the earlier was injrcted probably during the 
period of diastrophism that closed the Ordovician period, 
while the later, which shows differentiation-phases, due to 
pressure during crystallisation, may be of late Silurian 
age. The rock types in themselveft and in their general 
relationships bear a remarkable rE'lIemblance to those of the 
Omeo District of Victoria. 

December 18, 1925. 
Mr. E. C. Andrews in the chair. 
Eight members and one visitor present. 

EXDlBIT8: 

By Assistant-Professor W. R. Browne-(a) A fracture­
cleaved shale or slate of silurian are from Billilinlra, 
near Bredbo; New South Wales. (b) Vertebraria­
bearing shale from Ulan, about 25 miles north of 
Mudpe, New South Wales. 

Mr. H. G. Kanatt gave an account of hit recent trip to 
New Guinea, iUuatrated Ily lantern slid& 

The lecture wal d.iacruled by X_rs. B. C. Awe .... L. 
L, Watlll'houae, L. J. Jones and AuiltaDt-Prof.." W ... 
Browne. 
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SECTION OF AGRICULTURE. 

Afwrrd .e,""g, JI., 11, Inti. 

Mr. E. A. Southee presided. 

The election .t. oftloers reauhed 88 fellows :--clleJ',.,..,..._ 
Principal E. A. Southee, O.B.J:., II.A., BJIc. Ap.; Vice­
(,kainntlft-Profe880r J. D. Stewart, B.V.Sc.. MJLC.V.8.; 
BOfUJrary 8ecrda.rie,_P. Hindmarsh. M,A., B.Sc. Ap.; 

R. J. Noble, Ph.D., B.Be. Aer. Committee-A. A. Hami1~ 
M. Henry, D.S.O .. B.V.Be., M.llC.V.S., A. E. Stephen, F.C.s.. 
W. L. Waterhouse, M.C., B.Sc. Ail., D.I.C. 

Principal Southee spoke upon "Genetic Be8earch in 
Relation to Agriculture". 

MteCing, JuI, 13. 1925. 

ProfellSOr J. D. Stewart in the Chair. 

Mr. A. V. Robertson read a paper on "The Control of 
Milk Supply by Bacteriological Methods". 

Mr. F. A. Perkins read a paper on "The Fruit FIr 
Problem of Stuthorpe If. 

Jiee''''g, A"9t'" 10, 1915. 

Professor J. D. Stewart in the Chair. 

Mr. B. J. Hynes read a paper on "Recent Work on 
Wheat Species Croues". 

)lUling, 8epl_b6f' 14, J925. 

Mr. l!l. A. Southee in the Ohair. 
8_Dteetl, ..... 1,'_ 



A. disc_on upon " Animal Nutrition, with apeeial 
reference to the hand feeding of cattle I.or beel 
production", wu held in conjunction with the Veterillaq 
.Association of New South Wales. 

Jl6Btiftg, October 19, 19M. 

ProfeMOr R. D. Watt in the Chair. 

Mr. G. Wright spoke upon "Hydrogen-ion Concentration 
ud its Application". 

Jl6eting, Not/ember 16, 1925. 

Mr. E. A. Southee in the Chair. 

Mr. A. D. OIle spoke upon "Some Observations on 
European Agriculture". 



--
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...... 
SECTION OF INDUSTRY, 

-
AtltltUIZ lfle'_g, MGfI so, 1915. 

At the pre-lecture meeting of members, Mr. W. W. 
t 'Estrange wu elected Chairman for the coming aeuion. 
Dr. B. Greia-Bmith was re-elected Hon. 8ecretary. 

Mr. W. W. L'Estranp in the Chair. 

Mr. B. T. Fisk gave a lecture upon "Recent Advaneee 
in Wireless". After nmindiJc........ that tile flnt 
demoDttration of wirel. telephony in Australia had been 
given in the Society'. hall in August, 1919, dle lecturer 
proceeded to d8lC1'1De some of the improvements that bad 
latel,. been made. One of theIe was the reeeivm, tet 
without aerials. It "88 placed upoD a table and 'While 
this WI8 moved about the hall the broadcasting from 
Farmer's station was elearly audiWe. Another was the 
receipt of a mesaage IIeI1t in :MOl'le upo!l a short wave 
length from the 8.S. C C Niagara, " then a day's run from 
Honolulu. 

At prese., tlUriy per GeDt. of the teJecrapllie trdle ia 
GIl'l'ied from BDflaad by wilreleM ill ou-iftb to oa ... 
tw .. t~ .f a Ie08ad; it i. _t by typewriter aad reeeifti( 
GIl die tIpt. 

DJNeti .... It si Ii. fiI. B1Mt wav. 11M ...... 
......... ,..., ....... 01 .... ,..... .. 
• • -........... ftl' tf:t •• I.II. at .., ........ "*" 
.f the old_. 



:uxvUi. 

The care neceasary for the adjutment of FraDkliD '. 
reflector f~ beam wireless was emphasised aDd it ... 
pointed out that the Canadian reflector OlD diferentiate 
between Sydney and Melbourne. By tM 1118 of diree­
tiODal finders, a ship in a fog can determine its aaet 
position. 

JUM 17, 19J5. 

Mr. W. W. L'Estrange in the Chair. 

Mr. S. E. Sibley uhibited a small model of the Stream­
line Filter, which consists of a great number of sheete 
of non-porous paper tightly pressed in a frame. The 
fluids to be filtered are forced between the surfaces 
instead of through the paper. Mr. HylaDd demonatrated 
its action in clarifyinl cloudy vinegar and in separating 
an emulsion of benzene and sodium oleate. 

Mr. B. Grant exhibited a specimen of Dreyer's AntigeD 
and described its preparation from BGe. 'uberculoN. 

Mr. H. V. Bettley-Cooke exhibited specimeDs of .Tera! 
curious chemical substances. 

J,,''I/\ 15, 19J5. 

Mr. W. W. L'Bstrange in the Chair. 

Mr. A. Dickinson, of S. T. Leigh and Co., pve aD 

address upon "Photo-mechanical Printing ProC8l88ll," ad 
exhibited many prints in illustration of the proee ••• 
Th.e old collotype prooe&l haa again come into favour with 
the employment of thick rt- plates for the foundatioD. 
The teeluaioal details repl'ding the eleaDiDl of the ... 
the preparation of the albumen nhatntum, • Ja. 
........ tiD fihD, tile lllllitilinr of tile plate b7 __ 
Jhe pria.tiar &lid the developaeat of the .... tift. __ 
rinn in ateDIO. • l 



I 

AMg. 19, 19»5. 
1&. W. W. L'Jillatranp in the Chair. 

Kr. VID der Velden, on behalf of the Kodak (AUltral­
Ilia) Pty. Ltd., exhibited the new Cine-Kodak, a compact 
apparatua for taking amall-aized cinema ftbu, and the 
Koduoope, a lantern for projecting the ribbon 1llma. 
Several acientifte aDd other 8lms were projected to the 
interellJt and entertainment of the members. 

8epfember 8, 1925. 
Visit to Parke, Davis and CO.'s laboratories. 

At the invitation of the Acting .Asaistant-liIanager, a 
visit was made to the laboratories of MetIII'I. Parke, Davia 
and Co. at Roaebery, where the preparation of the firm's 
products was seen. Many proeesses had been specially 
made ready for the oecasion and the visiting members -enjoyed the firm's kindnesa and hospitality. 

8ept_ber 16, 1925. 
Mr. W. W. L'Estrange in the Chair. 

Mr. H. V. Bettley-Cooke pve an addre81 upon "Ban­
tial OUs," during which he exhibited apeeilD8D8 of a wide 
range of oils and deaeribed their origin, preparatiOJl, eJaief 
components and ooeuional adulterant&. 

Octob" 13, 1925. 
Visit to the White Bay Power HoUl8. 

Throuah the kindll88l of Kr. W. H. )[yen, B.B., etc.. 
Chief Bleetriea1 Bqineer for Bailwa:ys and Trull...,., 
the memberi viaited the White Bay Power HoUle ad 
were cond1lCted emr tile works by )(_ Hutohinscm. 

.P8I'IQIOIl, Haith and Stdord. 

N....w 10,19 •• 

Viait to the Tramw., Work-allopa. 



Alao b7 the eourt., ., 1Ir. W .... .,.., • Ylait ..... 
paid to the TramWIIF w __ ,. Ii ~", ..... 
..... had the opport\1llitJ of __ tlat pQaial tUIn· 
1017. where meWs, lam,pl, _II .. 1114 ....... 
~ were beiDI teItecL Special teItI hid beea 
prepared IIld were explained h7 ~ .. B. la. Lao1 IJld lUI 
BtI!. Subaequenti7 the 'riaitol'l were _0 oftr the 
genera) shops by Messrs. Barnes and Edwards. 
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~B8T.RA,QT ,or PR~EED~NGS 

PHYSICAL SCIENCE. 
_.._ 

(hftervlZ Jl,eti~(" May 21, 1925. 

Professor 0. U. Vo~willer in the Chair. 

The following were elected OfBcers and Committee­
for the Be.ioD 1925-6 :-CluKrmatt-Prqfessor O. U. 
VonwiUer, B.Sc. 8ecre'ariel-Assoe. Professor V. A. 
Baile)"IIA, Dr. ~ •• ' and MI'. J. J. Richardson, A.K.I.E.L 

CDtllm.".-Bev. E. F. PilOt. S.J., B.A., II.B., Profeuor 
J. P. Madlen, D.Se., a.E., A. B. Ranolaud, ~i.Se., B.E., and 
E. M. WeUiah, II.A. -

A lecture on the ,« Behaviour of Electrons in ~a&e8'7 
11'88 delivered by Prof. V. ~ BaUey. An outline wu given 
of work done by I. S. TOWDlend, H. T. Tizard and the­
speaker on the d~e~nation of the men energy of 
agitation and the mean drift velocity of eleetrona moving 
in a uniform Aeld in dUferent gaseM at different preasares. 
These two quotiti81 enabl~ the mean f~ p,th of' the­
electrona and the meaD fractional 1088 of energy at a 
collision to be determined for different pBel. 

The reaulta obtained are Of great 'interest, eapeeiaIlT 
thOle for ArIon, wh8re it "AI found that the inean :free­
pa$, increued b7 'Il 'taotor Of tweDty 'It. the mea 
velocity ot aIttatiOai· dfcreued by' .. tutor of' ave. It 
wu _" foUai "+~... withbt ttie ' ' • of ve1eCitiea ...... " rap , 
1<P - a, Z 1.· ~ "_ of • '&1eetroI)i attaoheCl 
~. to .'wl ..... of. ~ Nit, co.. CO;, ae, N. 
ad A. ,n •• _ .... tor the .ea. fiaotiouI, I .. , or . 



eDeI'I1 at eollilioDa Ihowed that with the three iaeIt 
.... the eolliaiODI were eloael)' I'eIeDlbli1'1l thOle tot 
perfeetl)' elaatie bodies, but that with the other .... 
iDterDal ene1'l1 was taken up b)' the molecules from the 
csollidiDr e1ectroDl. 

Jfem"l1, IVM 115, 1926. 

Professor O. U. Vonwfiler in the Chair. 

The business consisted of two short lectures. 

The flrat, eatitled ,. Notes on lIODIe reJ!W'ka}'le SeillDlO­
ll'aDll from Riverview," was delivered by the Rev. Dr. 
B. F. Pi«ot. The lecture wu fully illustrated by actual 
I8ismo.Irams obtained by' Father Pigot at Riverview. 
Amq these were the Karrajoug earthquake, the careful 
analysis of which by Professor Cotton has been published 
in the Journal of the Society, and the earthquakes with 
epieentrea at Bundaberg, Queensland, Nt'w Hebridea, 
Sumatra, Ceylon and the Philippine tilanda. The charac­
teristics of the various records were clearly explained. 
and the method of azimuth determination of epicentre 
origiuated by Prince Galitzin fully described. The 
probable cause of earthquakes wu given as a 8udd~n 
break or joggling along a fault plane'. 

ProfeBlOr V. A. Bailey delivered the second leetve, 
wlaleh was 8IltUled "On Feats of Kental Arithmetic." 
After revie1ring ID8D.1 caaea of abnormal eapacit)' for 
mau1pulatiu,r larp numbers DleDtall)', the leoturer 
4eIeribed and w.trated b,y ~1811 • method deviled 
1»1 himlelf for the rapid determ4wJlion of tAe produc. 
e! 811JDbel'l coa.aiItiq of several ... 

The IIMIdtod .., be readilJ folJDoftl INa the hi .... 
...,ae,_ 



., ' ..... .. 
Sf" 

23'19 
814& 

.I.'." _ ''''1 PI'" 
2an )( 6678. 

8Xt-'7! 

(1)(9)+(8)(7)+7-126 

~~~ (4)(9)+(7)(7)+(8)(3)+12-121 

2379 
8765 
2379 

8745 
2379 

8745 

(5)(7)+(4)(3)+(7)(2)+12-73 

(5)(3)+(4)(2)+7-30 

2379 (5)(2)+3-13 
8745 

.Answer 18082162. 

om.. 
2 

81 

181 

onla 

13032162' 

The steps which are given ..... bove are performed' 
mentally and the answer is written down direet. 

The method may be extended to include squares, aqual'8' 
roots and division . 

.II""'IIg, July 16, 1925. 

Profel8Or O. U. Vonwiller in the ('hair. 
Ten mEtmbers wt're pr_nt. 

A lecture on the •• Attachment of Electrons to Kole­
cules" wu delivered by Profesaor V. A. BRiley. TIle­
lecturer deseribed in detail and illustrated by drawinp. 
on the board the apparatus he employs to determine the 
attachmeJlt of eleotrou to molecules of a gas. The ~ 
he Used .... atlnolpheric air and precaUtioDl were take1l 
to free it entirely from moiBture. 

The 1'eI1l1ta of pl'e'ri01ll aperimnta earried out by 
Pr.f8ll101' Bailq i1M1ieated t .. t wlthiJa the IbDitblr eondi. 
tiona of the experiments ..... clo DOt attaolt ...... 



A ..... lIAGI' • 'IOC ........ 

to HI? NI , CO" CO cd eertaiIt other,.. a.eut 
e:r.perbaents carried out by B. L. Brose at OXford idioMt . 
that O. may DOW be included with th_ paea. Prctfeaaor 
BaUey's results with air, however, indicate that molecular 
i01l8 are formed, but his work is not suftieiently far 
.advanced for him to state the nature of these ions. 

Meeting, August 20, 1925. 
Pl'Ofessor O. ,(J. Vonwiller in the Chair. 
Eleven members were present. 

The Chairman read a paper entitled "Notes on Recent 
-Work on Radiation." 

Bohr's theory of atoms and the emiasion of light was 
-outlined, together with IOVle of the developments of his 
work. Mention WIlS made of lOme of the attempts to 
reconcile optical phenomena, such as dispersion and inter­
ference with the quantum theory. In particular, attention 
was drawn to the view recently suggested as polllible by 
Bohr, Kramers and Slater that excited atoms actually 
radiate and absorb whllt' in a stationary state, the emission 
~onsisting of radiatIOns corresponding with each of the 
transitions poasible from that state, and the intensity of 
o(Iach radiation being proportional to the product of the 
quantum ~f energy associated with It and the probability 
of the corresponding transition flO that there IS, with a 
large number of atoms, a statistieal balance between the 
energy emitt~d and the change of enerlY due to the 
transitions. The vipw wah shown to ~ lOme dit!lculties 
but introduces 8S3umptions not ~JIlIeePted. It may, 
however, be a step towar4f • ..,. ~mplete solution of 
the problem. 

MHlittg, S.,mm'Hr n', 19115. 
Profeeaor O. U. Vonwiller in the CW. 
Twelve m8lJlbeA, were present. 



:aMi 

Mr. B. Ii. YeUish read a paper on "Some Aspects of 
]Uectromapetie Theol'1." 

1D lllutratiOD of Maxwell's idea of electric displacement, 
he emplo7ed the latter'l now elassical equatioDS to 
determine the displacement current densities in the two 
.eaaes:-

(i) uniform traDSverse motion of an electrified line 
or cylinder and 

(ii) a uniformly moving point charge. 

Both these cases were illustrated by diagrams, showing 
the lines of diaplaeement. 

General expressions were given for the electric and 
magnetic current den81ties doe to the (practically) 
unrestricted motion of a point-eharge, these being of 
particularly compact forms. 

The special case of a linear harmonic oscillator was then 
eonsiderecl; and resulted in the une%pected and interesting 
eonclusion that the waves produced by the oscillator 
contain "overtones". 

Me.,s.ng, October 15, 1925. 

Professor O. U. Vonwiller in the Chair. 

Mr. S. Radcliff read a paper on "Is Radio-activity a 
Universal Property'" 

He drew attention to a number of signiftcant quantita­
tive and qualitative relations in the occurrence together 
of similar elements resembling those which exist for the 
radioactive elements, and stated that on this account he­
was engapd in an inveatiption of the poaaibility of 
radioactivity occurrinr in elements outside the present 
recop_ radioaeti'fe OIl .. 

f • 

OI1e faJIt queW in support of thia poaaibllity was the 
~ by the pNIIlt Lord Bqleip that the helium. 



shiii. 

oonteDt of beryl is about 500 tim.ea ".er t_ ... 
proper to its content of known radio_ive mattez. 

An oniliDe wItS given of the plOpOHd metllod. of 
investigation, aDd an. interesting discussiea. foJ14weci 

Meeting, November 19, 1925. 

Professor O. U. Vonwiller in the Chair. 

Reports on current scientific literature were given as 
follows:-

The Chairman on "The Isotope Effect in Band-Spectra". 

The theory, given by Sommerfield and developed by 

KraUer and others, that eac~ line in the band speetrwa 
of a diatomic molecule is due to the simultaneous occunenee 
of quantum changes of three types, electronic, molecalar 
vibrational and molecular rotational, was outlined. In 
the expression obtained for the frequencies of the lines, 
due to the molecular quantum changes occur mass factors 
of the form ".- where 11". = 1/Ml + 11M., Ml and ?tI, 
being the masses of the nuclei. In the ease of isotopes 
Ml may have values differing by Il8veral units, giving 
values of ". differing by quite an appreciable amount, with 
a eonseque~t measurable separation of lines in the two 
spectra very much greater than the corresponrung isotope 
effect in line spectra, where we are concerned with a po 

given by II po ~ 11m + 11M, m and M being the masses 
of an electron and a nucleus respectively. 

The isotopic etrect on the origins of band systems and 
of bands, and on the lines in a bIi'Dcl was discUIII8d, UIod 
an account given of Mulliken's recent eonfirmatol'1 
observations on the spectra of B 0 and Cu L 

Profel8Or V. A. Bailey outlined. a paper by B. Daeke 
published in the PhilolOpJUeal Vap.siDe of Septeaber. 



sUx. 

1925, aDd entitled "A Mathematical Statistical Investiga­
tion concerning Sub-electrons". 

The subject of investigation is the S4!1ries of values, 
obtained by B. Radel and M. Konig, of the charges on 
mercury particles (of diameters < lO-S CID.) which 
substantially fan short of the value e-4.77Xl(t-l0 e.s.u. 
The author considers the probability that the 24 values 
of Konig be integral multiples of a fundamental eharge 
(e.g. 0.50 X 10-18), employing a criterion for integers 
which R. von Mises has developed by means of the cyclical 
theory of errors. 

lIe concludes that the assumption, that the sub-electrons 
may be represented by the form me/n, where m and n 
are iategers which are not large and m < n, bas a greater 
probability than 1J1I!f oOt.er tUBUmptiofi. 

Hp. then suggests that for wticles of small radius 
« 10-' em.) a division of the electron into n equal parts 
may take placE', of which m may occur united. 

Qf-~"'l"'. 
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