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ANNUAL GENERAL MEETING.
27th Mabch, 1963.

The Eighty-eighth Annual General Meeting was held

the

in

Society's

Rooms,

Science House, Sydney, on Wednesday, 27th March, 1963.
Professor B.

J.

F. Ralph, President, occupied the chair.

The minutes of the Eighty -seventh Annual General Meeting (28th March, 1962)
were read and confirmed.
Report on the Affairs of the Society for the Year.

The

Society's

Parts 2 and

A

Proceedings for 1962, Vol.

3 in 1963.

contribution

of

Volume

£50 towards

87,

Part

1,

was published

87 consists of 425 pages, 16 plates

the cost

of publication

of

his

and 306

in

1962 and

text-figures.

paper was made by

Mr. K. E. W. Salter.

During the year fourteen new members were added to the list, two members died,
members resigned and three were removed from the list of members. The
numerical strength of the Society at 1st March, 1963, was: Ordinary Members, 248;
Life Members, 31; Corresponding Member, 1; total 280.
three

Lecturettes were given at the following meetings:

April,

Some Harmful Marine

A Modern

Review, by Miss Elizabeth C. Pope; June, The Anatomy
of Micro-organisms, by Professor M. R. J. Salton; September, Human Chromosomes,
by Mr. W. J. Peacock, and October, Paralysis in Ecology, by Professor F. L. Milthorpe.
The discussion which followed the lecturettes added greatly to the Interest of the
meetings. Our appreciation and thanks to the lecturers are expressed. No Ordinary
Monthly Meeting of the Society was held in August, 1962, owing to the meeting
Sir William Macleay
of the A.N.Z.A.A.S., and the delivery of the Third (1962)
Memorial Lecture in the Great Hall of the University of Sydney by Dr. R. N.
Robertson, F.R.S., F.A.A., Professor of Botany, University of Adelaide, on 23rd August,
1962. The lecture, entitled "Living Membranes
Frontiers of Research at the Boundaries
of Life" (Proc. Linn. See. N.S.W., Vol. Ixxxvii, 1962, p. 267), was delivered to a very
Invertebrates:

—

large and appreciative audience.

Library accessions from scientific institutions and societies on the exchange list
to 1,997, compared with 1,962 in the previous year. Members and institutions
continued to borrow books and periodicals from the library, the total borrowings for
the year being 234, members and others also consulting the periodicals in the library.
Organizations (including universities) continue to request the Society to arrange for
microfilm and photo-printing copies of old and rare articles to be made for them,
by sending to the Fisher Library, University, the required publication on library
loan for that purpose. No new exchange of publications was entered into during
1962.
A copy of "A List of the Designated Type Specimens in the Macleay Museum.
Insects", a publication of the Macleay Museum, University of Sydney, by Miss D. E.
Hahn (1962) was presented to the library. The Society donated a photograph of
George Masters, first curator, to the Macleay Museum, University of Sydney. Dr. I. V.
Newman kindly obtained photostat copies of missing pages and a plate for the
Society's copy of "The Anatomy of Plants", by N. Grew (London, Second Edition,
1682) and presented them to the library to complete this old and valuable book.

amounted

Dr. D. T. Anderson, Dr. R. C. Carolin and Professor

members

of Council during the year in place of Dr.

I.

V.

I.

A.

Watson were

Newman,

elected

Dr. Lilian Eraser
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and Professor R.

Crocker,

L.

who had

resigned.

Dr.

Carolin

was appointed the

Society's representative at the centenary celebrations of the Societe Royal de Botanique

de Belgique in June, 1962.

The Society's representatives to the Annual Conference of the Nature Conservation
Council of N.S.W., on 13th October, 1962, were Messrs. S. J. Copland and E. Le G.
Troughton.
the

Material concerning the Society's history, for record purposes, was presented to
Mitchell Library, University of Sydney, Macleay Museum, University of New

South Wales, University of New England, and Australian Academy of Science. The
Society co-operated with the Basser Library, Australian Academy of Science, in their
work of collecting archival material in regard to Australian Science and compiling
a catalogue of such material preserved by other institutions and individuals.

The Society loaned a number
the National Trust of Australia

May, 1962.
At the request

of

interesting

(N.S.W.)

for its

pictures, drawings and a book to
Exhibition "No Time to Spare" in

Honorary Secretary of the Muogamarra Sanctuary the
an application to the Under Secretary, Department of
Lands, Sydney, that the Department refuse an application for quarrying shale near
Muogamarra Sanctuary on account of fire risk involved. The Under Secretary conSociety lent

its

of

the

support to

sidered the application should be granted, but with the provision that the lighting
of fires be prohibited.

The National Parks Association of N.S.W. sought the support of the Society for
a proposal to request the Australian Academy of Science to lead a deputation to
the Prime Minister regarding the Snowy Mountains Authority works in the proposed
Primitive Area of the Kosciusko State Park. A letter of congratulation was forwarded
to the Kosciusko State Park Trust on the establishment of the Primitive Area and
in support of efforts to keep the Area inviolate.

The

net return from the Society's one-third ownership of Science House
ended 31st August, 1962, was £1,246 lis. 2d. Lighting improvements in
the foyer and Main Hall have been made and the Main Hall has been painted.
total

for the year

Linnean Macleay Fellowships.
Mr. W. J. Peacock, B.Sc, Linnean Macleay Fellow in Botany for 1962, did not
seek re-appointment.
He continued his work on the Goodeniaceae, and on problems
of chromosome structure.
Some of his results are included in two papers completed
for publication, one (Chromosome Races in Goodenia bellidifolia Sm.) appearing in
the Proceedings for 1962, Part 3, and the other (Chromosome Numbers and Cytoevolution in the Goodeniaceae) to be read at the March meeting in 1963.
In November, 1962, Mr. P. J. Dart, B.Sc.Agr., was appointed to a Linnean Macleay
Fellowship of the Society in Plant Physiology tenable for one year from 1st January,
1963.
Mr. Dart's programme of research is a continuation of his studies on the fine
structure of the legume root nodule, and a general study of other plant parasitic and
symbiotic infections, with particular reference to non-leguminous root nodules. Investigations of the action of temperature, light intensity and inorganic nitrogen dose on
nodule initiation and development will be conducted using the Ceres Phytotron at
Canberra.

Linnean Macleay Lectureship in MicroMology.
Dr. Y. T. Tchan, Linnean Macleay Lecturer in Microbiology, University of Sydney,

reported on his work for the year ending 31st December, 1962, as follows: During
the earlier part of the year the absence of Professor J. M. Vincent brought about
more administrative and teaching duties. However, the research programme was not

made on the cytological location of Gram complex in
paper has been submitted to the Journal of General
Microbiology for publication and a short note has been sent to "Nature".
Other

neglected.
bacterial

Progress has been

and yeast

cell.

A
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3

made some

progress.

of seed inoculation with Azotobacter under laboratory conditions

been studied and some information has been obtained.

The

and

The problem
trials

field

results are

has

undergoing

statistical analysis.

OMtuary.

The following deaths during the year are recorded, with
Herbert

Womersley, F.R.E.S.,

regret:

(Hon. causa) died in Adelaide on 14th
October, 1962, at the age of 73. He was born in Warrington, Lancashire, England,
and spent most of his boyhood there. Trained in industrial chemistry, he showed
early leaning to entomology and microscopy. World War I interrupted these interests,
and he served in World War I in the Royal Army Medical Corps, and later transferred
to Chemical Warfare, seeing service on the Western Front. Seconding to munitions
(explosives) followed in 1917 and in 1920 he moved to Bristol, where he resumed
his studies of the Apterygota.
By the late 1920s he was the British authority on
Collembola and Protura, and became A.L.S. in 1929, also F.R.E.S. In 1930, having
attracted Tillyard's notice, he was appointed to the Section of Pasture and Field
Pests as Entomologist in the Division of Economic Entomology, Council for Scientific
and Industrial Research. He was stationed in Perth. His main contribution was
the study of the role of the predatory bdellid mites upon Sniinthurus viridis (L.),
the "Lucerne Flea" (Collembola). He was appointed Entomologist, South Australian
Museum, in 1933, and continued his studies on the taxonomy of the primitive insects
and later the Acarina. He produced monographs on both these groups in Australia,^
which have been of considerable value to later students. He served in the Royal
Society of South Australia in many offices, being Verco Medallist in 1943, and wa&
elected Honorary Fellow in 1962. He joined this Society in 1934, and contributed
four papers to its Proceedings.
William Eric Day, of Strathfield, New South Wales, died on 17th May, 1962. He
had been a member of the Society since 1934, but had not been able to pursue his
scientific interests as much as he would have desired till a few months prior to his death.
A.L.S.

The Honorary Treasurer (Dr. A.

B.

Walkom) presented

the balance sheets for

the year ending 28th February, 1963, duly signed by the Auditor, Mr.
F.C.A.,

S.

J.

Rayment,.

and his motion that they be received and adopted was carried unanimously..
PRESIDENTIAL ADDRESS.

Biochemical Peculiarities of the Larger Marine Algae.
(Full text will be printed in Part 2 of the Proceedings.)
Although marine algae have for a very long time yielded products useful to the
human economy and have attracted the close attention of the morphologist and
systematist, it is only in recent years that close examination has been made of the
details of general metabolism and the abundant peculiarities of physico-chemical
structure and function. Recent work in various parts of the world has begun to focus
attention upon the intricacies of cell wall structures and other features of the
marine algae which differ markedly from those of the land plants.
A start has
been made on the study of metabolic pathways and upon the more unusual features
Some progress has been made in the understandingof the photosynthetic mechanisms.
of the phenomena concerned with the concentration of elements such as potassium,
iodine and sulphur from seawater, and with the subsequent fate of these elements
in the organisms.

A

rich diversity of polysaccaride materials

is

characteristic of the

marine algae and an increasing awareness of the utilitarian possibilities of these
compounds has no doubt stimulated the increasing number of current investigations.
Trends in other fields have led to an interest in the uptake of radio-active materials
by marine algae, and to studies of the possibility of large-scale artificial cultivation.
In this address an attempt is made to delineate briefly the present state of knowledge
of the biochemistry of the larger marine algae and to draw attention to some of the
more unusual and peculiar aspects.

PRESIDENTIAL ADDRESS.

4

No nominations of other candidates having been received, the President declared
the following elections for the ensuing year to be duly made:
President: G. P. Whitley, F.R.Z.S.

Members
Ph.D.; B.

J.

of Council:

D. T. Anderson, B.Sc, Ph.D.;

F. Ralph, B.Sc, Ph.D., F.R.A.C.I.; A. B.

C.M.G., M.C., D.Sc.Agr., D.I.C., F.A.A.;

Auditor:

S. J.

I.

L.

Waterhouse,

A. Watson, Ph.D., B.Sc.Agr.

Rayment, F.C.A.

The President then

A

and

R. C. Carolin, B.Sc, A.R.C.S.,

Walkom, D.Sc; W.

installed Mr. G. P. Whitley as President.

cordial vote of thanks to the retiring President

was carried by acclamation.
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CHROMOSOME NUMBERS AND CYTOEVOLUTION
By W.

J.

IN

THE GOODENIACBAE.

Peacock, Linnean Macleay Fellow in Botany, Botany Department,
University of Sydney.
(Plates

i-ii;

one Text-figure.)

[Read 27th March, 1963.]

Introduction.

The Australian

considered to contain three major floristic
elements, the Indo-Malayan, Antarctic and palaeo-Australian.
Since the high degree
of endemism of the distinctive palaeo-Australian element is principally confined to
suhfamilial groups, a derivation from lineages which had already differentiated at an
flora

is

generally

ordinal and familial level is indicated.
Fossil remains suggest that the Angiosperms
had developed to such a stage in the Northern Hemisphere by the mid-Cretaceous, the
proposed time of an Angiosperm invasion into Australia (Andrews, 1916; Smith-White,
1959).
The mid-Cretaceous has been cited as the time of entry because angiosperm
fossils are unknown in Australia from earlier periods, and because geological evidence
indicates that Australia has been well isolated from other land masses except during
the mid-Cretaceous when considerable land surface existed between Australia and Asia

(David, 1950).

The subsequent geological isolation of the Australian continent has ensured that
radiative and selective development of the autochthonous floristic element has
taken place without any significant contact with other floras. The unique conditions
which have been associated with the formation of the Australian flora confer added
interest and value to studies in the evolution of the various component groups.
Smith-White (1959) has given an account of chromosome evolution in some of
the major hard-wooded families (Myrtaceae, Rutaceae, Epacridaceae, Proteaceae), and
the

on the basis of these studies has put forward a thesis on the evolution of the Australian
Conformable evidence has been provided from work on the Casuarinaceae,
flora.
another hardwood family (Barlow, 1959a). The present study was undertaken because
It was considered that knowledge of patterns of chromosome evolution in an herbaceous
group would be of value.
The Goodeniaceae is one of the principal herbaceous families in the palaeoAustralian element and is almost entirely endemic to Australia.
Representatives of
the family occur in all types of habitats occupied by the palaeo-Australian flora, ranging
from alpine herbfields to desert sands and the margins of rain forest. Approximately
300 species in 14 genera have been described, the most recent taxonomic treatment being
that of Krause (1912). The non-endemic species are largely restricted to two sections
of Scaevola {Sarcocarpaea, Enantiophyllum). These occur in the islands and continents
bordering the Indian and Pacific Oceans. Australia is clearly the centre of diversification and dispersal and very probably the centre of origin for the family.
Chromosome numbers of a few species occurring in Tasmania and South Australia
have been published (Jackson, 1958; Martin in Black, 1957): these numbers are
included in Table 1.

Methods.
Determinations were made on pollen mother cell meiosis and on mitosis from
ovule wall tissue and root tips. All material was fixed in ethanol-acetic acid (3:1) and
stained in aceto-orcein. Ovules and root tips were hydrolysed in N HCl for six minutes
at 60° C. before staining.
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Observations.

Chromosome

Num.'bers.

The chromosome numbers which have been determined are set out in Table 1.
Previously published numbers and some unpublished counts supplied by P. G. Martin,
R. C. Carolin and D. L. Hayman have also been included in the Table, appropriate
Genera have been listed alphabetically, the generic subSpecies have
by Krause in his Monograph {I.e.).
been arranged alphabetically within sections and series.
Specific identifications have not been possible for some vouchers which do not
satisfy any existing taxonomic descriptions: in these cases affinities are indicated
where possible.
Voucher specimens for all new counts have been incorporated into
the Herbarium of the Botany Department, University of Sydney.
authorities

being

cited.

divisions being those recognized

Notes on Genera.

—

Anthotium x = 9. Both of the described species have disjunct distributions in the
south-west of Western Australia. A. humile (var. junciforvie) has been examined from
two localities no meiotic irregularities were observed.

—

Brunonia x =

9.

—This

monospecific genus, which has sometimes been elevated to

familial rank, has a widespread distribution extending

from the sand plains of Western
Australia to Tasmania and the eastern highlands of Victoria and New South Wales.
Considerable cytological diversity exists in the species in respect to both polyploidy
and structural rearrangements. The diploid (Plate i, fig. 1) occurs over much of the
largely replaced in the south-east of Australia by tetraploid
The monospecific nature of the genus, the morphological
similarities of the diploids and polyploids, and the high frequency of multivalents in
meiosis in the tetraploids and octoploids suggest an intraspecific rather than an interdistributional range, but

and

octoploid

is

forms.

specific alloploid origin of the latter

(Peacock, 19626, c).

Polymorphisms for a number of cytological anomalies have been identified, the
most important involving interchange hybridity. Reciprocal translocations have been
found to be an integral feature of the generic system of many diploid populations, the
frequency of structural hybrids varying considerably over the geographical range. In
some localities up to seventy per cent of plants are heterozygous for one or more
interchanges (Plate i, figs 2, 3). The polyploids show very little interchange hybridity,
but the octoploid is polymorphic in another way over its full range. In any population
some plants have one or two pairs of supernumerary microchromosomes whereas others
have only the normal complement (Plate i, figs 4, 8).
Bridge and fragment configurations have been scored in low frequencies in a few
plants of some populations of all ploid levels, indicating that spasmodic intrachromosomal rearrangements occur. Further evidence of structural change is provided
by isochromosomes which have been identified in some tetraploid plants (Plate i,
fig.

7).

Pseudo-bridge configurations often occur in plants which demonstrate neocentric
When a neocentromere has operated in a direction opposing that of the
The neocentric loci,
chromatid's true centromere a bridge-like configuration results.
which may be present in the terminal or sub-terminal regions of one to several
metaphase II chromosomes, cause considerable precocious movement of chromatid
arms towards a pole (Plate i, fig. 6), but appear to be unimportant in the true
activity.

anaphase separation.
The cytology and genetic system of Brunonia will be considered

in detail elsewhere

(Peacock, 19626).

—

Calogyne x = 8. The five described species occur in westei'n and northern Australia,
although C. pilosa, a strand species, has spread to the coast of the Philippines.
C.
berardiana, the only species examined cytologically, extends over wide areas of Western
Australia.

Dampiera x =
described

9.

—This,

species in four

one of the largest genera of the family, contains about sixty

taxonomic sections.

Three of these are restricted

to

the
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Table

1.

Chromosome Numbers in

Genus and

Locality.

State.

Species.

the Goodeniaceae.

CoU. No.

Chrom.

No.

Auth.

9

18
18

P
P

18

J

Anthotixtm R.Br.

humUe R.Br.

A.

var. junciforme

De

W
W

Vriese

32 m. N of Perth
Maida Vale, Darling Ra.

609101.1
60827.1

Beunonia Sm.
B. australis Sm.

T

Queechy Hill

9

S

Myponga

9

Varions localities*

9

w
s

P
P
P
P
P
P
P
P
P
P
P

8

16

P
P

9

18

SJ

>

9

J

J

9

,

,

9

,

,

9

,

,

,

,

V

,

,

NT
Q

N
V
T
T

,

,

V

,

,

N

>

M
18
18
18
18
18
18
18
36
36
72
72

9

9
18
18
36
36

Calogyne B.Br.
feerardiana

C.

(Gaudich.)

F.

W
W

MueU.

Arrina

8

60842.1

12]TO..

N

of Geraldton

60850.2

m.

N

of Perth

60832.1

,

Dampieea
Benth.
D. trigona De Vriese
Sect. Camptospora Hook.
D. alata Lindl.

Sect. Bicoelia

D. coronata Lindl.
D. epiphyUoidea De Vriese

D. incana R.Br.
var. fuscescens Benth.

D. lindleyi

De

Vriese

D. sacculata P. Muell.

Eudampiera Benth.
D. adpressa A. Cunn. ex DC.

W
W
W
W
W
W
W
W
W
W
W
W

31

10 m. S of Ravensthorpe

6095.9

m. E of Mt. Barker

60883.1

Mt. Many Peaks
30 m. S of Perth
The KnoU, Darling Ba.

60885.3

5

DarUngton
Mingenew-Mullewa
15 m. S of Merredin

N

80 m.
of Perth
40 m. E of Ongerup
107 m. S of Perth

60878.1
60822.1
60875.2
60844.5
6088.1
60836.1
6092.2
60880.1

18
27
27
9
27

54
18

18
18
27
9

18

36

9

18

P
P
P
P
P
P

P
P
P
P
P

Sect.

N
Q

D. altissima F. Muell.

D.
D.
D.
D.
D.
D.

aflln. altissima

P. Muell,

cuneata R.Br.
discolor

(De Vriese) Krause

fasciculata R.Br.

glabrescens Benth.
hehnsii Krause

D. juncea Benth.

D. lavandulacea Lindl.
D. leptoclada Benth.
D. linearis R.Br.

D. loranthifolia P. Muell.
D. luteiflora P. MueU.
*

DetaUs in Peacock 19626.

W
W
W
W
Q
W

W
W

W
W
W
W
W
S
W
W
W
W
W
W
W
W

Gonoo Forest, Duhbo
of Garulmundi

6011.2.4

N

6111.39.1

Three Springs
10 m. N of Geraldton

60841.1
60848.1
60844.8
60820.1
6111.36.1
60835.1
60851.1
6086.1
60810.1

Mingenew-Mullewa
The KnoU, DarUng Ra.
3 m. N of Glenmorgan
CaUngera
9 m. N of Geraldton
Merredin
Bruce Rock
Mt. Many Peaks
40 m. S of Geraldton
Moorine Rock
Bonnie Rock
Cultivated (ex

Mt.

60885.1
60847.2
6085.1
60811.1

W)

Many Peaks

m. E of Mt. Barker
5 m. S of Fremantle
28 m. N of Perth
93 m. S of Perth
5

Cranbrook
Ghoolie
Merredin-Southern Cross

60885.2
60883.2
60877.1
60830.1

60879.1

60881.2
60910.1
6099.1

18
18
18
18
27
9

36
36

9
9

36
18
9

9
27

18
18
36

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

M

18
18

P

P

9

18
27
27
27
18

54
54
54

9

18

P
P
P
P
P
P

BY W.
Table

J.

PEACOCK.

1.

Continued.

Chromosome Numbers in

Genus and

Species.

N
N
N

D. sericantha F. Muell.
D. spicigera Benth.
D. stenophylla Krause

D. stenostachya E. Pritzel
D. stricta R.Br.

W
W
w
w
w
w
T

N
V
N
N
N
D. tenuicaulis E. Pritzel
D. tomentosa Krause

D. triloba Lindl.

D.
D.

sp.

W
w
w
w
w
w
w

D. sp.
D. sp.
Sect. Cephalantha Benth.
D. humilis F. Muell.
D. weUsiana F. Muell.

Sect.

W
W
w
w
w
N
N
N

sp.

GOODENIA

Locality.

State.

D. purpurea R.Br.

the Goodeniaceae.

11

—Continued.
CoU. No.

Several localities*

9

18
27

,.
,,

10 m.

W

>j

of Albany

Porongorup
40 m. S of Geraldton
20 m.
of MuUewa

W

7

m.

E

of Ajuna

Merredin-Southern Cross
Bicheno

60884.3
60883.3
60847.1
60846.1
60853.2
6099.4

Several localities*
))

»)

5J

))

Chrom.

9

9

18

J

9

18

9

18
36
72
90

P
P
P
P
P
P
P
P
P
P
P
P
P
P
P
P

9
9

6089.1

9

Nowra

6110.17.1

Gonoo Forest
2 m. S of Dubbo
15 m. E of Lake King
75 m. E of Ongerup
15 m. S of Merredin

6011.5.3

15 m.

of Bullflnch

NW

of Lake King

W of Lake Grace
Mingenew-MuUewa
3 m. W of Trayning
5

m.

60813.1

6110.5.1

P
P

9

6087.3

N

18

9

60814.3

30 m.

P
P
P
P
P
P
P

36

60874.1

3»

18
36
54
18

9

Bencubbin
4 m. S of Merredin
15 m. S of Merredin
10 m. E of Mukinbuddin

JJ

5)

Auth.

9

18
36
45
18

>J

No.

18

9

18
18
18

36

6096.2

9

6093.1

9

6087.4

9

6096.1

9

6097.1

9

60844.7

9

60815.1

9

18
18

7

14

8
8

16

P
P
P

16
16
32
32
48
48
64

P
P
P
P
P
P
P

32
32
32

P
P
P

16

P
P

P
P
P
P

Sni.

Monochila G. Don.

G. phyUicoides F. MueU.
G. scapigera R.Br.

W
W
W

20 m. S of Ravensthorpe
40 m. E of Ongerup

6095.4
6092.1

Ravensthorpe

6095.6

Eugoodenia Benth.
Sub-sect. Bracteolatae Krause
Ser. Racemosae Benth.

Sect.

G. beUidifoUa Sm.

Several localitiesf

G. decurrens R.Br.

Blackheath
Govett's Leap

Leura
Rylstone

6011.26.3

8
8
16
16
24
24
32
16
16
16
16

C

G. dimorpha Maiden and Betche
var. angustifolia

Maiden and

Betche
G.

affin.
dimorpha
and Betche

G. pinifoJia

De

K
N

Mt. Ousley
National Park

611.18.1

N

Wentworth

615.1.1

Vriese

W
N
N
N
N
N"

t Details in

8

Maiden

G. steUigera R.Br.

* Details in

8

Peacock 19626.
Peacock 1962a.

Falls

Yelberi

60816.1

8

Oatley

La

16
8
8

Perovise

CofFs

Harbour
WattamoUa Beach

6012.2.1

60950.2

8

Kuring-gai Chase

5810.

8

8

16
16
16

P
P
P
P
P
P
P

C?HBOMOSOME NUMBERS AND CYTOEVOLUTION IN THE GOODENIACE^AE,
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Table

1.

Chromosome Numbers in

Genus and Species.

Ser. Rosulatae

G.

affinis

De

Continued.

the Goodeniaceae.

—Continued.

Locality.

State.

CoU. No.

Chrom.

No.

Auth.

Kjause

Vriese

S

w
w
G. boormanii Krause
G. discolor Krause

N
N

W

G. geniculata R.Br.
G. glabra R.Br.

S

G. hederacea Sm.

N
N
N

Q

Minnipa
1 m. S of Borden
Ravensthorpe

8

6095.11

8

Various localities*
5>

M

8

60887.3

8

J>

Yellowdine
Adelaide HiUs

60911.1

Booroondoo
Concord
Yanderra
Leura

6111.31.1
6012.7.2

16
8
16
8
8
8

16
16
16
32

P
P
P
P
P
P
P

P
16

P

P

8

G. hederacea Sm.
var. alpestris

Krause

G. heterophylla Sm.

N
N
N
N

N
N
G.

affin.

heterophylla Sm.

G. lanata R.Br.

Q
T
T
T

V
V
G. primulacea Schlechtd.

S

G. pinnatiflda Schlechtd.

s
s

w
w
w
w
s
s

N
N
Q

N
A
G. pusilliflora P. MuelL
G. sp.
G. sp.
G. sp.

G. sp.
G. sp.
G. sp.

G. sp.
G. sp.

Amphichila DC.
G. concinna Benth.

Sect.

G. flltformis R.Br.
G. ovata Sm.

S

w
w
w
w
w
w
w
w
w
w
w
w

8
8
8

6012.2.3

8

6011.26.5

8

6111.32.1

8
8
8
8
8
8
16
16

Belrose

Kuring-gai Chase
Coffs

Harbour

Rylstone
6 m. N of Booroondoo
Mt. Nelson

Murdunna
Low Head
Wartook
Arthurs Seat
Adelaide HiUs
Atholstone
O'Halloran HiU

6011.12.46

BuUardoo Station

60855.1

Mileura Station
HiUview Station
Murgoo Station
Adelaide HiUs

60860.3

Echunga

59/6.750.1

Barraba
20 m. E of Dubbo
20 m. N of Goondiwindi
Yass
Canberra

6111.10.1

Yudapinna
4 m. S of Merredin
Yuin Station
Tching Range
Mileura Station
Mileura Station

16

P

16

P
P
P
P
P

P
16
16
16
16
16

60868.3

60857.2

6110.1.1

6111.30.2

6087.1

60856.5
60858.3
60860.2

60861.3
60863.2

8
8
8
8
16
16
16
16
16
24
24

16
32

J
J
J

P
P

M
32

P

M

8

16
16

P
P
P
P
Ml

32

48

P
P
P
P
P

M
M

64

8
8
8
8

P
P
P
P
P

285 m. Post, Rabbit Fence No. 1
Menzies-Mt. Magnet

60869.1
60871.1

8

P
P

8

P

40 m. E of Ongerup
Ravensthorpe

6092.3

8

6095.10
60813.2
6082.4

8

P
P
P
P

Hope

River, Belele

8 m. E of Mukinbuddin
BuUabuUing

8

8
8

M

8

V
V

Grampians
Dandenongs

8

N

Mt. Ousley
Bola Creek
Rylstone
Putty
Port Elliot
Port Lincoln
Beetaloo VaUey

8
8

s
s
s

Peacock 19626.

8
6111.50.1

Adelaide Hills
Mt. Gambler

N
N

* Details in

Tyringham

s
s

]sr

G. varia R.Br.

Bend

Island

16
16
16

P
P
P
P

16

P
P

16

P
P

8
8

C

8
6012.5.3

8
8

M

8
6081.1

8
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G. sp.
Ser. Caeruleae Benth.
G. pterygosperma R.Br.

State.

the Goodeniaceae.

Locality.
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—Continued.
CoU. No.

Chrom.

w
w
w

Tching Range

60858.1

10 m. S of Ravensthorpe
Green Range

60886.1

24

w
w

Mingenew
Yuin Station

60843.1

8

60856.2

8

s

Oodnadatta

T
T

St.

6095.7

No.

P

8
8

Auth.

16

P
P

16

P
P

Sub-sect. Ebracteolatae Krause
Ser. Pedicillosae Benth.

G. calogynoides E. Pritzel

G. cycloptera R.Br.
G. elongata Labill.

G. glauca F. Muell.

V

N

Holbrook

611.1.2

S

Peak Creek
3 m. N of Glenmorgan
Harts Range

6111.36.3

G. lunata J. M. Black
G. robusta (Benth.) Krause

S

G. rotundifoUa R.Br.

N

S

G. stephensonii F. Muell.
G.

affln.

xanthosperma F. MueU.

G. sp.
Ser. Suffruticosae

J
J

Entrance

6111.65.2

8

16

24

48

P
P

8

P

32

M

8

M

611.22.2

NT
Q

MuckadiUa

6111.37.1

S

Strangways
Kerrabee
25 m. E of Meekatharra

6012.6.1

8

60866.2
60838.2
60861.1

8

s

N

W
w
w

6012.6.3

Watheroo
Mileura Station

M

8

Kei.h
Kerrabee
Southport
Oodnadatta
Seed coUection

Q
G. subintegra F. Muell.

8

16
16

8

Low Head
20 m. E of Lakes

Q

M

8

Helens

8
8
8
8
16

16

P
P

M
16
16

P
P

M

8

P
P
P
P

16

8

Krause

G. amplexans F. Muell.

s

Adelaide HiUs

8

M

s

Adelaide HUls

8

M

N
N
N
N
N

Oakdale
Putty
Rylstone

7

6012.5.1

7

14

6012.26.2

7

14

Picton

6110.16.1

7

Coopernook Forest
10 m. S of Ravensthorpe
6 m. S of Paroo

6012.4.1

7

6095.8
60867.1

8

6094.3

16

G. amplexans F. MueU.
var. angustifolia

Krause

G. barbata R.Br.

G. chishohnii Blakely
G. laevis Benth.
G. mueckeana F. MueU.
G. flUformis B.Br.
var. pulcheUa Benth.

W
w
w

N
N

G. graciUs R.Br.

E

80 m.
Junee

of Ongerup

Rylstone

Q

Dalby

G. humilis R.Br.

T

G. paniculata Sm.

N
N
N

Low Head
La Perouse

G. tenuUoba F. MueU.

Cofifs

Tching Range

S

Cultivated (ex

32

8

604.26.1

8
8

16

8

16
32

6012.2.2

Wyee

W

8

611.21.1

582.

Harbour

14

60858.2

16
16
16
8

P
P
P
P
P
P
P
P
P
P
P
J

16

P
P
P
P

18
18

P

Leschbnatjltia R.Br.
Sect. Eulesckenaultia

Benth.

L. biloba Lindl.

W)

9

N

L. floribunda Benth.
L. formosa R.Br.

s
s

The KnoU, Darling Ra.
Maida Vale
30 m. N of Perth
11 m. N of Gerald ton
Cultivated (ex

60821.1

18

60824.1
60831. -2

18

60849.1.1

s

80 m.

E

of Ongerup

Cranbrook
Cultivated

6094.1

60881.4

36

18

36

9

18

9

18
18
18

W)

N

w
w

M

18

S

w
w
w
w

9
9

18

M

18

P
P
P
P

M
P
P
P
P

M
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L. heteromera Benth.
L. linarioides

DC.

L. tubiflora R.Br.
S.

ramosissima (Sm.) Krause

S. restiacea

Benth.

W
W
w
w

2

m.

N
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Locality.

State.

IN

of Hopetoun

—Continued.
Coll.

No.

Chrom.

6095.1

15 m. S of Coorow

60839.1

60839.3

N
N

Coorow
i m. N of Hopetoun
Willoughby
Wattamolla

]sr

Peats Ferry

w

Bencubbin

9

6095.5

9

60950.1

8
8
8

No.

Auth.

18

P
P
P
P
P
P
P

18
18
18

8

60814.1

16

P

Xerocarpaea G. Don.

Sect.

Sub-sect. Biloculatae Krause
S.

aemula R.Br.

s

Adelaide HiUs

V

Grampians

s

Darlington
Port EUiot

N

CronuUa

ST

Corindi

w
S.

calendulacea (Andr.) Druce

S. dielsii

E. Pritzel

DC.

S. glandulifera
S. holosericea
S.

De

Vriese

lanceolata Benth.

S. nitida

R.Br.

S. affin. parviflora

Pbntaptilon E.

Krause

60862.1
60876.1

8

Watheroo
32 m. N of Perth
Middleton Beach
20 m. S of Ravensthoipe

60838.1

8

60831.1
60884.4

8

6095.2

8

W

Kauai

frutescens (Mill.) Krause

S.

gaudichaudiana Cham,

Kauai

leucocarpa Skottsb.

Oahu
Oahu
Oahu

Oahu

S.

Sect.
S.

Hooke

et Arn.
procera HiUebr.
vel.
var.
spec, procerae affinis
plumieri L. (S. lobelia Murr.)

S. mollis

Sect.

S.
S.
S.

C,

P
16
16

S
S

16
16
16
16
16
16

s
s

Crossotoma G. Don.
spinescens R.Br.

Pogonanthera G. Don.
hookeri F. MueU.

phlebopetala F. MueU.
pilosa Benth.

platyphyUa Lindl.
porocarya F. MueU.

Krause
albida (Sm.) Druce

16
16

T
T

W
w
w
w
w

Murgoo Station

60857.1

Mt. WeUington
CoUins Gap
Island Bend
Happy Jacks

s

s
s

Stiriing

60886.2

Albany
The KnoU, Darling Ra.

60820.2

N

60850.1

of Geraldton
N of Geraldton

15 m.

16

16
16
16
16
16

Govett's Leap

South

s

K

India

w

s
s

p

619.1.2

Kauai
Kauai

N
N
N

S.

16

8

619.1

Lanai

S.

S.

8

P
P
P
P
P
P
P
P

cyUndrocarpa (HiUebr.)

Skotts.

S.

48

16

Oahu, Hawaii
Hawaii
Molokai

var. bracteosa HiUebr.

f.

M

Don.

chamissoniana Gaudich. in
Freye

var.

Mileura Station
Darlington

P
P
P

L.

Sect. Sarcocarpaea G.
S.

24
24

16

Pritzel

P. careyi (F. Muell.) E. Pritzel

SCAEVOLA

w
w
w
w
w
w

60875.1

8
8
16
8

60884.1

16

J
J

P
P
P
P

P
P
P
P

60852.1

Sub-sect. Uniloculatae
S.

S
s

N
N
S.

canescens Benth.

S. helmsii E. Pritzel
S. fasciculata

Benth.

w
w
w

M

Crows Nest
Adelaide HiUs
Concord
Kerrabee

6012.6.2

Perth

60819.1

P
P

DarUngton

60875.5

P

P
C
16

H

P
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S. pulvinaris (E. Pritzel)

State.

Krause

W

the Goodeniaceae.
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—Continued.

Locality.

CoU. No.

Cranbrook

60881.1

Coorow
33 m. N of Perth

60840.1

No.

Auth.

8
8
8

16

J

8

16
48

Chi-om.

S. aflBn. pulvinaris (E. Pritzel)

Krause
S. sericophylla F. Muell.

60833.2

Selliera Cav.
S. radicans

T

Cav.

N
T

NZ
T

Glenorchy
Concord
East Arm
Christchurch

N
V

Glenorchy
East Arm
Concord
Lake Alexander

s

Conway

s

Penola

w
w

Hill view
Barrambie Mine

T

24
24
24

C

48
48
48
48

P
H&B
J

P
P
P
P
P

Symphyobasis Krause
S. sp.

60868.2
60867.2

8

16

8

Velleia Sm.
Sect. Trisepala

Krause

N
N

V. lyrata R.Br.
V. montana Hook.

T

f.

N
N
N
N

V. spathulata R.Br.

V. sp.
Sect.

Mt. White
King William Saddle
Spencers Creek

5811

Kiandra
Coffs Harbour
Budgewoi

611.24.2

Q

Southport

611.22.3

N

Bilpin

5811

BullabuUing
Cranbrook
31 m. N of Perth
1 m. E of Coomalling

60881.3
60832.2

16
6012.2.4

Pentasepala Krause

V. cycnopotamica F. Muell.

V.
v.
V.
V.

Pearl Beach

daviesii P. Muell.

discophora P. MueU.
pandurlforniis A. Cunn.
paradoxa R.Br.

W
W
w
w
w
w
w
Q
NT
T
T
S

N
N
N
V. rosea sp. Moore

V. trinervis Labill.
V. affin. trinervis LabUl.

W
W
w
w
w
w
w

8m. E

Mukinbuddin
5 m. E of Lake Grace
45 m. S of Browns Soak, Hillview
3 m. N of Glenmorgan (ex W)
of

6082.2

60817.1
60812.1
6097.3
6111.35.1

Seed collection
Springfield

Georgetown
Poochera
Armidale

Gonoo Forest, Dubbo
of Ulan

N

6011.2.1

6111.8.1

Bullardoo Station

60854.1

Yuin Station
Menzies-Mt. Magnet
30 m. N of Perth
Borden
5 m. N of Mt. Barker

60856.1

Cranbrook

60872.2
60878.3
60887.2
60882.3
60881.3

Verkbauxia Benth.
V. reinwardtii
Benth.

(De

Vriese)

W
W

8 m. S of

MuUewa

60845.1

16
16
16
16
16

P
P
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in the Ooodeniaceae.
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Authorities
Published

(a)

Reference.

Symbol

H & B
J

New Zealand Journ. of Science,
Hair, J. B., and Beuzenberg, E. J., 1960
Jackson, W. D., 1958
Pap. and Proc. Roy. Soc. Tas., 92, 161-63.
Kausik. S. B., 1939
Proc. Ind. Acad. Sci., 9, 39-48.
Skottsberg, C, 1955
Arkiv for Botanik, 3, 63-70.
:

3,

432-40.

:

K
S

:

:

Previously

(b)

Unpublished

Reference

Symbol
C

CaroUn, B. C, University of Sydney.
Hayman, D. L., University of Adelaide.

H
M

Martin, P. G., University of Adelaide.

P

Peacock,

W.

J.,

New

counts.

States

Symbol

A
N
NT

State
Australian Capital Territory.

New

T

South Wales.
Northern Territory.
Queensland.
South Australia.
Tasmania.

V

Victoria.

Q
S

W

Western Australia.

south-western area of Australia, but Eudampiera, the largest section, occurs throughout
the continent. Chromosome number determinations made on most of the eastern species
and a good representation of the western ones have shown that polyploidy is prevalent
The highest chromosome
at both specific and intraspeciflc levels (Plate ii, figs 1, 2).
number determined in the family is found in the decaploid race of D. stricta, an eastern

member

of

Eudampiera.

Meiotic irregularities occur in many species of Dampiera, particularly in polyploid
forms. For the most part the anomalies result from univalent behaviours, lagging or
nondisjunction of chromosomes, and from anaphase bridges, but in tetraploid D. stricta,
a clone has been found in which microsporogenesis is completely disrupted. Pachytene
to be normal with pairing of homologues along their full length, but at
diplotene most of the chromosomes fall apart as univalents, although in some cells
a few rod bivalents are formed.
This almost complete suppression of chiasma forma-

appears

resembles the behaviour reported by Beadle (1930) in "asynaptic" maize.
At
metaphase the occasional bivalents become positioned in the equatorial region of the
spindle, whereas the highly contracted univalents behave irregularly (Plate ii, fig. 3).
They may be distributed randomly over the spindle, or the majority may be grouped
in the equatorial region or at the poles.
At anaphase the bivalents show normal but
poorly synchronized separation and the univalents generally move undivided towards
the poles. As a consequence of these irregularities there is a wide range of chromosome
numbers in telophase nuclei and micronuclei are frequently formed by excluded chromosomes.
Restitution nuclei result when anaphase movement has been poorly defined.
Second divisions are regular except for a low frequency of lagging single chromatid
chromosomes resulting from infrequent univalent division at Al.
The number of
nuclei in a mother cell at the end of second division varies from two to nine, their
chromosome numbers ranging from one to thirty-five. Pollen fertility is very low, only
one or two per cent of the pollen grains being stainable.
tion

hY w.

j.

PEAcoOli.

i?

seems probable that the egg mother cell melosis is similarly desynaptic since
observations over two years have shown complete failure of seed set.
Plants
which grow near this small clone have normal tetraploid meiosis and considerable
It

field

seed

fertility.

—

Goodenia x = 7, 8. More than one hundred species have been described in this
genus. Of the three sections, Eugoodenia is the largest and has a pan-Australian distribution, MonocMla is confined to Western Australia and the species of AmphicMla
The major part of the genus has a basic
occur in eastern and northern Australia.
chromosome number of x = 8, but a small group of species, with both eastern and
western representatives, are based on x = 7 (Plate ii, fig. 4). This is the only case of
intra-generic heteroploidy that has been identified in the family.
Polyploidy is not as frequent as it is in Dampiera, but both specific and subeuploid changes have been found in Eugoodenia and AwipMchila (Plate ii,
figs 5, 6).
Snbspecific changes in ploidy occur both in widespread and in geographically
restricted species. G. pinnatifida extends across the Eremean region from the Murchison
specific

River district in Western Australia to the western slopes of the Great Dividing Range
in the east. Its somatic number changes from 2n = 16 in western and central Australia
to 2n = 32 for much of the eastern area and to 2n = 48 in the south-eastern extremity of
its range.
G. belUdifolia is far more restricted, occurring only on the slopes, highlands
and coastal regions of southern Queensland and New South Wales, but it also contains
Other examples of cytologically complex
several chromosome races (Peacock, 1962a).
species with subcontinental distributions are G. ioormanii, G. elongata in the east and
G. pterygosperma in the west.

—

Leschenaultia x = 9. Most of the nineteen described species are contained in section
Euleschenaultia and are restricted to Western Australia.
The three species of the
section Latouria are found further east in the Eremean area of the continent.
Intraspecific polyploidy has been found in two of the three species which have been examined
from more than one locality.

A

characteristic feature of Leschenaultia

is

that the pollen

a condition not occurring in any genera of the family.

In

all

is

matured

in tetrads,

the species that have been

examined a degree of pollen abortion has been found, as much as 80% occurring in
some plants (Plate ii, figs 13, 14). In two species the resultant patterns of the various
tetrad classes (0, 1, 2, 3 or 4 grains aborted) have been analysed and on the basis of
these pollen "shapes" inferences have been made as to the genetic system causing the
L. formosa (Plate ii, fig. 7)
abortion (Martin and Peacock, 1959; Peacock, 1962fZ).
shows remarkable intra-population polymorphism for a number of abortion systems.
Preliminary observations indicate that at least some of the lethal systems involved
depend on chromosomal aberrations in meiosis (Plate ii, fig. 8).
An interesting abnormality which occurs in about 50% of plants in most populations
of L. formosa is the production of pollen octads (Plate ii, fig. 15). Usually the frequency
of octads is low, ca. 1-2%, but one plant had frequencies varying between 50% and 90%
in different flowers.
Octads are formed from binucleate mother cells which result
after failure of wall formation at the pre-meiotic mitosis. Presumably the abnormality
is genetically controlled with penetrance dependent, to some extent, on environmental
conditions.

Pentaptilon x = 8. P. careyi, the only representative of this genus, occurs only in
the coastal Murchison River District of Western Australia.

—

Scaevola x = 8 (Plate ii, fig. 9). Species of Pogonanthera and Xerocarpaeae, the
two major sections, are found in all regions of Australia. The other Australian section,
Crossotoma, is predominantly Eremean.
Most of the species of the Sarcocarpa^a,
Enantiophyllum and the monospecific Phacelopliyllum are extra-Australian, but almost
certainly have been derived from Australian lineages. Two species from the Hawaiian
Islands have been examined in this investigation, and Kausik (1939) and Skottsberg
(1955) have reported chromosome numbers for S'. plumieri from India and several
species from Hawaii.
These numbers conform to the Australian pattern. Subspecific
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polyploidy has been found In 8. aemula which has an Australia-wide distribution, in
8. calendulacea in the east, and in S. pulvinaris in the west.

—

x = 8. Two species have been described, but the western S. exigua is
only from the type collection. 8. radicans occurs widely in salt marshes along
It has also been
the southern and eastern coasts of Australia and in Tasmania.
collected from the coasts of New Zealand and Chile. Hair and Beuzenberg (1960) report
a diploid number from a New Zealand locality. In Australia both diploid and hexaploid
Selliera

known

forms have been found (Plate ii, fig. 10). Both chromosome races are widespread and
have been identified in the same area at three localities (Concord, N.S.W.; Bast Arm,
Launceston, Tasmania; Glenorchy, Tasmania).
8ymphyo'basis x-S. The genus is restricted to the western Eremean. Two species
have been described, but the plants which have been examind in this survey belong
to a taxon distinct from both 8. macroplecta and /S. alsinoides (Plate ii, fig. 11).
Velleia x-8. The two well-defined sections have distinct geographical areas:
species of Trisepala are distributed in eastern and southern Australia whilst Pentasepala is represented through the Eremean and in Western Australia. V. paradoxa in

—

—

Pentasepala provides the only exception in that it is transcontinental in distribution
(Plate ii, fig. 12).
Polyploidy has not been encountered in Velleia even in species
which have been examined from a number of localities.
Verreauxia x = 8. All three species of this small genus are found in the western

—

Eremean.
2.

Chromosome

Characteristics,

(a) Morphology.

Throughout the family the somatic chromosomes are of relatively uniform size
with the centromere located in a median or sub-median position. On one arm
of one chromosome the nucleolar organizer delimits a satellite.
In Brunonia, however,
the chromosomes are larger (Q-7fi), the size differential being particularly marked in
(3-4/i)

Also in Brunonia, variations in karyotype occur as the result of reciprocal
translocations which have sometimes generated sub-telocentric chromosomes (Plate i,

meiosis.

fig.

5).

Chiasma Characteristics.
Most species of the family conform to a particular pattern in the distribution of
chiasmata: the single chiasma formed in any chromosome arm is localized in the distal
third of the arm and becomes fully terminalized at metaphase.
Species of Dampiera,
Leschenaultia and Selliera form only one such chiasma in each bivalent, but in
Brunonia and Velleia two chiasmata, one in each arm, are formed in most bivalents.
Goodenia and 8caevola contain species which have one or other of these chiasma
patterns, but many species form both rod and ring bivalents in variable frequencies.
Striking exceptions to the chiasma distribution pattern have been found in Scaevola
and Brunonia. The two Hawaiian species of Scaevola (8. chamissoniana and 8. mollis)
have a chiasma frequency of about four chiasmata per bivalent: two chiasmata are
regularly formed in each arm, in proximal and medial segments, and are never fully
(&)

terminalized.

The octoploid race of Brunonia australis also shows a deviation from the normal
pattern in the supernumerary microchromosomes. These may form 0, 1 or 2 chiasmata
with proximal localization and no terminalization.
Discussion.
1.

Cytological Patterns,

Base Number and Chromosome Morphology.
The chromosome number survey has shown three base numbers in the Goodeniaceae.
One or other of the numbers, x = 8 and x = 9, have been identified in all of the genera
of the family, whilst x = 7 has been found only in three species of Goodenia.
The
difference in base number within Goodenia is paralleled by differences in several
morphological characters and it seems probable that the taxa with x = 7 should be

a.
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grouped into a new genus (cf. Section 5). If this change is adopted tlien the data on
basic chromosome complements delimit three subfamilial groups of genera.
Morphological evidence suggests that the species having x = 7 were derived from
the X = 8 subfamilial group. This does not necessarily imply a derivation of 8 from 9
an origin of the 9-chromosome genome from x = 8 would be just as plausible. Examples
of both increase and decrease in base number have been well documented (Darlington,
Karyotype analysis has not provided any evidence of the direction of chromo1956).

some change.
Sometimes

a decision on primitive base number can be made on the basis of
presence or absence of one or other of the numbers in question in related families.
The Goodeniaceae has generally been placed in the Campanales, principally because of
the apparent similarity in mechanisms concerned in the presentation of pollen to the
However, Carolin (1960) has shown that the indusium of the Goodeniaceae is
style.
not homologous to the pollen collecting structures of the other families in the Order,
Even supposing the Goodeniaceae
so that the affinities of the family remain obscure.
were rightfully placed in the Campanales a decision as to primitive base number could
not be reached since basic complements of 8 and 9 chromosomes occur frequently
through the Order (Darlington and Wylie, 1955).

As mentioned above, chromosome morphology offers little help in the understanding
show Brunonia to be distinct from the rest
the family on the basis of chromosome size and karyotype constancy.

of the cytoevolution of the family, but does

of
t.

Chiasma Patterns.
The uniformity

chromosome morphology through the family is paralleled in
chromosome complements. All
but two species of the genera that have been examined show localization of chiasma
formation to the distal segments of the chromosome arms.
This form of restriction
to recombination must have been maintained from an early time in the evolutionary
history of the family since it is probable that it would have evolved independently in
the several genera.
Chiasma frequency also shows an appreciable constancy, most
of

the uniformity of distribution of chiasmata over the

species regularly forming either one chiasma in one arm only of all bivalents, or
Even in those species (principally in
a chiasma in each arm of all bivalents.
Goodenia) that have both rod and ring bivalent at metaphase I, the variance of chiasma
frequency is small.

A number

have shown that chiasma properties, like other phenogenetic control (Rees, 1955; Emsweller and Jones,
1945). In the Goodeniaceae both chiasma number and position generally are consistent
for all chromosomes of the complement, suggesting a control operative at a nuclear
and genotypic rather than a chromosomal and local level. This generalized control is
also evident in the two
extra-Australian Scaevola species which have chiasma
characteristics differing markedly from those discussed above.
These Scaevola species
differ from the typical pattern in localization, terminalization and frequency of chiasma
formation, but still demonstrate homogeneity of behaviour between chromosomes of
the whole set. However, the octoploid race of Brunonia provides a demonstration that
chiasma control may sometimes be operative at the chromosome level. In these plants
the proximal localization and non-terminalization of the microchromosomes contrast
with the distal localization and terminalization of the rest of the complement.
A
comparable situation has been described by White (1954) in the grasshopper Bryodema
tuberculata where nine bivalents have proximal chiasmata and two have terminal
typic

of investigations

characters,

are

subject to

localization.

almost universal occurrence in higher plants and animals, very little
and mechanisms of chiasma localization. Neither the mechanisms
of differential pairing of chromosome segments (Darlington, 1958) nor the distribution
of hetero- and eu-chromatin (White, I.e.) seems to offer a satisfactory explanation for
the localization patterns of the Goodeniaceae. For example, Brunonia australis, which
is particularly favourable for prophase observations, has no noticeable heterochromatic
Despite

is

known

its

of the causes
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Table

Genus.

16

8

7

2.

Numbers in

Distribution of Maploid

THE GOODENIACEAE,

the Ooodeniaceae.

8-16

32

8-24

8-16-24 8-16-24-32

No. of
Species.

Calogme

1

Goodenia
PetitaptHon

1

39

3

2

1

56

1

1

.

1

22

Scaevola
Setliera

Symphyobasis
VeUeia
Verreauxia

25

1

1

1

1

12

12

1

1

9-18

27

Anthotium
Brunonia

1

18-27

9-27

9-18-27

9-18-36 9-18-36-45

1

1

1

Dampiera

15
4

LeachenauUia

10

2

2

1

3

2

1

1

.36

6

segments near the region of chiasma formation, and pairing of homologues is complete
Localization, then, cannot be dependent on the presence of heteroat pachytene.
chromatin, but no definite conclusion can be made concerning the pairing hypothesis.
Although pairing is complete at the observational level, it is possible that, at the time
of chiasma formation, only the distal segments are "effectively" paired.
d.

Polyploidy.

A summary
in Table

of the distribution of

known

haploid numbers in the family

is

presented

2.

The survey has shown that polyploidy is prevalent at specific and subspecific levels,
Of the 142 species counted, 42 are polyploid or
but is absent at the generic level.
contain polyploid races. Subspecific polyploid series have been identified in 23 species,
but this must under-estimate the frequency of intraspecific ploidy because the majority
Table 3 shows that the
of species have been examined from only one locality each.
Table

3.

Intraspecific Polyploidy.

Number

Number
Number

of species examined

of

species

with

of Localities for Determinations.

1

2

3

4 or more

76

28

16

22

7

5

11

0-25

0- 31

subspecific

polyploidy

Proportion of species with ploidy series

.

0-50

proportion of species with detected chromosome races is related to the number of
Even if the frequency estimated in species examined from
four or more localities is biased by the detailed studies which were made on several
known to have more than one gametic number, probably not less than 40% of the
It is unlikely that this
species in the family contain chromosome number races.
frequency is exceeded in any other angiosperm family.

locality-populations studied.

The frequency of polyploidy differs in the various genera. Of eighteen species of
Dampiera that were examined from more than one locality, nine had polyploid races,.

BY W.

whereas in Velleia no polyploidy
collections.
viz.

Many

—components

incompatibility,

lias

J.
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been found among twelve species and 33 locality-

factors could contribute to this differential incidence of polyploidy^
of

the

potential

genetic
for

system

vegetative

and opportunity, the availability

such as presence or absence of selfpropagation, and cytological characteristics,

of niches or

dealt with in a later paper (Peacock, 1962c)

new environments.

This problem will be
concerned with the modes of origin, the

patterns of distribution and other characteristics of polyploids in the family.
The high incidence of polyploidy at subgeneric levels and its absence at higher
levels show that the process has played a major role in the formation of present
specific and subspeciflc diversity, but that it has been of no consequence in the
long-term eA^olution of the family.

Tropical Zone

Eremean Zone
Temperote Zone
Interzone Areas
Text-fig-.

1.

—The

major

floristic
2.

4
3

"^

'7,8
2.5,6

zones in Australia (after Burbids

e,

1960).

Distribution Patterns.

In a recent phytogeographic analysis of the Australian flora, Burbidge (1960)
recognized several floristic zones corresponding in the main to the major climatic
regions of the continent. The delineation of the various zones is shown in Text-figure 1
and a summary of the distribution of the genera of the Goodeniaceae over these floristic
areas is given in Table 4. Distributional data were obtained from the collections made
in the present survey and from the monograph of Krause (I.e.).
All of the larger genera have representatives in most of the major floristic zones. Of
the smaller genera Brunonia extends over much of the continent, Calogyne is widespread in the north and Selliera has a disjunct east-west distribution in the south.
Most of the others are restricted to the south-west region or to western Eremean. In
the pan-Australian genera the subgeneric taxa parallel the distribution patterns of the
genera, only the largest sections being Australia-wide (e.g., in Goodenia, Monochila is
western, AmpMcMla eastern, but Eugoodenia is found in all floristic zones).
Even in the larger, widespread genera, most species are restricted to one zone or
to only part of a zone and may be classiiicd as being either eastern, western or
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Eremean. Of the three hundred odd species in the family only five can be regarded as
pan-Australian Brunonia australis, Yelleia 2>ciradoxa, Scaevola aemula. Goodenia
pinnatiflda and Goodenia glauca.

The Historical Development

3.

A

number

the

of

Family.

may be made from
chromosome evolution and characteristics of disThe two major forms of chromosomal change that have been

of inferences

on the past evolution

joint considerations of patterns

tribution of extant taxa.

of the

family

of

detected are associated with different levels of the present taxonomic hierarchy: change
number with generic or higher levels, and polyploidy with specific and sub-

in basic

Tablb

Regions of Occurrence

GrGnUS.

(

Anthotium
Brunonia
Calogyne
Catosperma

4.

see Text-flgure 1).

1,

2

3,

4,

1,

2, 3,

of Species
(Krause, 1912).

2
5,

6,

7,

8

1

4

4

4

.

Number

1

Dampiera
Sect. Dicoelia

1,

2

1, 2,

3

1,

2,

3,

Cephalantha

1,

2

42
4

1,

2

1

Diaspasis
Goodenia
Sect.

2

Camptospora
Eudampiera

Monochila
Eugoodenia
Amphichila

9
4,

5,

6,

7,

8

1, 2
1,

5

2,

3,

4,

5.

6,

7.

8

86

4, 7.

8

8

3

16

Lesehenaultia
Sect. Euleschenaultia

Latouria
Pentaptilon

.

.

.

1.

2.

3,

4

1,

2,

3
3

1

Scaevola
Sect. Sarcocarpaea

Enantiophyllum
Crossotoma
Pogonanthera
Xerocarpaea

4

1 (in Aust.)

4

2 (in Aust.)

3,

4

1,

2, 3, 4,

7,

1,

2. 3. 4,

7,

SeUiera

1,

7,

Symphyobasis

3

„

4
10
41

8
8

8

2
1

Velleia

Sect. Trisepala

.

Pentasepala
Verreauxia

8

4,

7,

1,

2, 3, 4,

1,

2, 3

6
5,

6,

7,

8

12
3

specific levels.
Since it is implicit in evolutionary taxonomy that genei'a are older
than the species which they contain, the times of effective operation of the two
chromosomal mechanisms are separable. Early polyploidy, if it occurred, has not given
rise to surviving lineages at generic levels.

chromosome numbers within, and the pan-Australian diswhen continuity was possible over
much of the continent. On the other hand the occurrence of distinct areas of specific
endemism eastern, western and Eremean indicates that much of the present sub-

The constancy

of basic

tribution of the larger genera suggest their origin

—

—

generic diversity arose after the establishment of floristic barriers. Overlap in species
ranges between the other areas, particularly in the west, and the Eremean suggests
that the latter may have followed an east-west bisection of some other nature. Essentially,
a biphasic (or possibly triphasic) evolution of the Goodeniaceae may be inferred from

Elaboration of this
available cytological, taxonomic and geographical data.
hypothesis involves a consideration of the sequential history of the flora as a whole as

the

indicated by geological and palaeontological data.

BY W.
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must date back to the immigration
Angiosperm groups in the mid-

into the continent of a diversity of well-differentiated

(cf. Andrews, Smith-White, I.e.).
Fossil evidence indicates that the Angiosperms competed successfully with the older gymnosperm flora, replacing it over

Cretaceous

large regions.
for

The existence

the southern regions

of a pan-Australian flora

(e.g.,

is

well substantiated at least

Cookson, 1950, 1953, 1958), but the paucity of

fossil

analyses in the north precludes any decision as to the extent of its distribution. The
evidence for relative tectonic stability in the early Tertiary (David, I.e.) is compatible.
The concept of a continent-wide flora does not demand uniformity from coast to coast,
and in fact the fossil evidence suggests that a complex mosaic existed between Antarctic
(e.g., Elaeocarpus)
and palaeo-Australian (e.g., Banksia,
(e.g., Nothofaffus), Tropical
The distinctive Australian groups presumably evolved from the
Lomatia) elements.
immigrant Angiosperms during the period of geographic expansion.
Smith-White (I.e.) has pointed out that endemism could be generated at various
taxonomic levels (e.g., tribal or generic), depending on the flexibility of the genetic
systems of the invading lineages. Most endemism in the palaeo-Australian flora is at
subfamilial levels, but it seems probable that the Goodeniaceae had its familial origin in
Presumably it was derived from a lineage (the family is clearly monoAustralia.
The early Tertiary, then, is prophyletic) with considerable evolutionary potential.
posed as the time of geographical expansion and correlated differentiation of at least
the major genera.
It is suggested that the second phase of evolution in the Goodeniaceae (with polySuch
ploidy as a major process) followed a floristic bisection of the continent.
bisection appears to have been initiated in the Miocene, when marine encroachments
established distinct eastern and western regions in the south (David, I.e.; Crocker and

Wood, 1947).

If

at 'this time subtropical

climates or other conditions restricted the

palaeo-Australian element to southern regions (Crocker and Wood, I.e.; Smith-White,
I.e.)
the Miocene seas would have constituted a barrier to migration favourable to
the

development

of

regional

floras.

Edaphic and climatic factors have maintained
Further

the disjunction of the two regions since that time (Crocker and Wood, I.e.).
diversification of the palaeo-Australian flora was probably accentuated in

the

late

Miocene, with expansion into developing semiarid regions (Burbidge, I.e.).
Climatic changes during the Pleistocene, the major epeirogenesis at the close of the
Tertiary, the cool periods of the Pleistocene ice-age, and the recent extreme aridity
(Crocker, 1959) would all have provided diversities of habitat and thus have had
significant roles in the development of the present flora. Much of the subspecific polyploidy in the Goodeniaceae is associated with mountain ranges (Peacock, 1962a, c)
and must be related to the Kosciusko epoch of mountain building.

(Upper)

The present Eremean Goodeniaceae has two components. Firstly, there are endemic
small genera (Syviphyobasis, Pentaptilon) and sections of larger genera (Latouria of
Lesehenaultia, Grossotoma of Scaevola) and, secondly, genera which are principally
,

non-Eremean have species and subspecific i^aces endemic to the Eremean. The first
component may well have been established in the late Miocene whilst the second
probably originated in the Pleistocene, or even in the Recent. This concept of a multiple
Eremean Goodeniaceae may well be applicable to groups other
than the Goodeniaceae. Burbidge has suggested that whilst the major development of
the Eremean flora may be coincident with the great expansion of desert environments
in the later Quaternary, a prior history of some Eremean elements is highly probable.
origin of the present

In summary, it is suggested that the origin and distribution of the principal
genera of the Goodeniaceae occurred in the early Tertiary whilst present-day species,
and probably some generic sections, have evolved after the formation of distinct
eastern and western floristic regions.
It seems probable that the few species which
are pan-Australian have attained this condition with relatively recent migration three
of four which have been examined have different chromosome races in the east and
west (Peacock, 1962c). On the other hand it cannot be argued that the genera which
are restricted to the west ( Anthotivvi. Diaspasis, Verreoiixia) necessarily originated

—
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after the floristic bisection:

their present distribution

of a previously continental range.

— every

east

component taxon

Alternatively, they

may represent a relic condition
may have never extended to the

pre-Miocene pan-Australian flora was not neces-

of the

must have

sarily pan-Australian itself, a spectrum of distributional ranges
4.

existed.

Gotnparison with the Hardivood Groups.

The proposed hypothesis on the evolution of the Goodeniaceae fits into the general
evolutionary framework for the Australian flora set up on the basis of conditions in
the hardwood groups (Smith-White, I.e.).
The considerable similarities between the
herbaceous Goodeniaceae and the woody families, themselves unrelated, emphasize the
inference made by Smith-White that the instability of chromosome systems of Australian
plants in the early Tertiary (formation of tribes and genera) and the relative stability
that followed (retention of genera) must have been largely determined by extrinsic
circumstances. However, the Goodeniaceae do differ from the hardwoods in respect to
recent specific diversification. In the woody groups this level of evolution has involved
little chromosomal change
(an exception is Casuarina distyla, Barlow, 19595), but
in.
the Goodeniaceae a considerable degree of polyploidy and structural change
(Brunonia) has been incurred. This difference is not unexpected since polyploidy is a
response in herbaceous perennials to environmental fluctuations of the order
that existed in the Quaternary, whereas woody families are rather conservative in
their chromosomal systems (Stebbins, I.e.).
Other herbaceous groups of the Australian flora have also utilized polyploidy as
a means of diversification, e.g., the Lobeliaceae (James, unpublished), the Gramineae
(Thevieda australis, Hayman, 1960, and Danthonia. Brock and Brown, 1961), and the
Oeraniaceae (Erodium. Carolin. 1958).
typical

5.

Taxonomy.

On

the basis of the data on basic chromosome complements and other features of
the genetic systems which have been presented, the genera may be arranged into subfamilial groups (Table 5).

Phylogeny within the x =

8 subfamilial group cannot be inferred from cytological
but the other features of the classification, including the separation of
Leschenaultia and Brunonia into subgroups, is in precise agreement with the scheme
devised by Carolin (1959) from evidence on vascular anatomy and degree of fusion of

evidence,

floral parts.

Table

5.

Cyto-classification of the Goodeniaceae.

Base

Kumber.
Genera

7

" Barbate "

taxon

8

Calogyne
Goodenia

9

Anthotium, Leschenaultia,

Bnmonia, Dampiera

Pentaptilon
Scaevola
Selliera

Symphyobasis
Velleia

Verreauzia

Further justification for the suggested subdivision is given by the embryological
characters of the genera (Rosen, 1946; Carolin and Peacock, unpublished) and by
None of the lines of evidence offer
Duigan's (1961) studies on pollen morphology.
support to the phylogenetic sicheme proposed by Krause in which he suggests close
relationship of Dampiera to Scaevola, and of Leschenaultia and Anthotium to Goodenia.
has been mentioned already that the species of Goodenia having a haploid
of seven differ from other Goodenia species in several morphological features
(Table 6). Since the three species form a homogeneous morphological and cytological
group differing from other Goodenia species to a degree that has been accepted as
It

number
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denoting generic rank in the family it is suggested that, collectively, they should be
given generic rank.
This genus would conform to the distributional pattern of panAustralian genera with species endemic to eastern and western regions. It is predicted
that a number of other Goodenia species, not yet examined cytologically, which have
the characteristics of the "barbate" taxon (G. stohbsiana. G. strophiolata, G. eatoniana,
will prove to have haploid complements of seven
and possibly G. disperma)
chromosomes.
,

Table

6.

Groodenia Species.

Species with

Character.
1.

Corolla colour

.

.

Yellow,

x=8.

Species with

sometimes white.

3.
4.

margin
Seed number
Seed shape

rarely

.

.

Entire, sometimes undulate.

Fimbriate to barbate.

.

.

.

.

Many.

.

.

.

.

Flattened,

Few, mostly 1-3.
Ovoid,
no
differentiated
margin or wing.

Corolla

with

difiFerentiated
5.

light purple,

white.

bluish-white, or blue.
2.

Rose to

x=7.

Strophiole

wing
margin.

Absent.

or

Present.

The morphological and cytological uniformity of the "barbate" taxon indicates a
monophyletic origin, and denies Krause's separation of G. phyllicoides in Monochila
from G. barbata and G. chisliolmii. which he places in Eiigoodenia. A re-evaluation
of some of the criteria used in intrageneric classification in the family may be
warranted.
StTMMAEY.

The chromosome number survey has shown that three base numbers are present
in the family.
Base numbers of x = 8 and x = 9 are characteristic of different genera,
1.

but x =

7

occurs only in three species of the genus Goodenia.

proposed that the species with basic complement of 7 should be grouped at
the generic level.
Morphological evidence supports this suggestion.
It

is

2. Polyploidy is found in specific and subspecific taxa, but is not a property of
genera per se. The incidence of polyploidy is high, being found in some 40% of the

species.

chromosome morphology from the other genera, these having
and uniform complements.
4. A single pattern of chiasma distribution, that of distal localization with subsequent terminalization, encompasses the whole family, but significant changes in
this canalization of recombination have been found at the genotypic level in two
Scaevola species and at the chromosomal level in octoploid Brunonia.
5. Both Brunonia and Leschenaultia have been found to have complex cytogenetic
polymorphisms incorporated in their genetic systems.
3.

Brunonia

differs in

relatively similar

6. It is considered that the cytological data delimit three subfamilial groups of
genera and, further, that Brunonia and Leschenaultia each merit a subgrouping distinct
from Anthotium and Dampiera within the x = 9 group of genera. No decision may be
reached as to primitive base number.
7. On the basis of cytological, taxonomic, geographical and geological data it is

postulated that:
(a) The principal genera, if not the family itself,
whilst the continent was effectively a floristic unit.

arose

(ft)
The present-day species originated subsequent to
eastern and western floristic regions, i.e., post-Miocene.

the

in

the eai'ly Tertiary

formation of distinct

(c) Much of the existing subspecific diversity can be related to the Kosciusko
epoch of the Quaternary.
(d) The Bremean Goodeniaceae is heterogeneous with regard to temporal origins:
although the major development would appear to be Recent, some elements may have
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from

differentiated

non-Eremean

the

THE GOODENIACEAE,

IN

palaeo-Australian

flora

early

as

as

the

late

Miocene.

and geographical distribution in the herbaceous
conditions
Cytological
8.
Goodeniaceae support the general hypothesis on the Evolution of the Australian Flora
(S. Smith-White, I.e.) based on the study of hardwood families.
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EXPLANATION OF PLATES
Plate

Brunonia

Cambridge

University

Press.

I-II.

i.

Mj showing nine ring

bivalents.
2.
Late diplotene in a plant
Late diplotene showing a ring of six (two interchanges)
4.
Mj in an octoploid with a supernumerary microchromosome bivalent.
and six bivalents.
6. Mjj showing neocentric activity
5. Mj in a tetraploid with four sub-telocentric homologues.
in one chromosome.
7. Mj in a tetraploid having two isochromosomes, one being associated with
a ring of three chromosomes, the other showing self-pairing.
8.
Mj in an octoploid with
catenations of eight, six and four chromosomes.
aihstrali-s.

1.

heterozyg'ous for one interchange.

Figures

1-8.

3.

All magnified.

Plate

ii.

Dampiei'a purpurea, Mjj in diploid race, n = 9.
2.
Damp-iera linearis, Mj in hexaploid
race, n = 27.
3. Mj in asynaptic Dam,piera stricta, showing bivalents in the equatorial region
and univalents in polar groups.
4.
Goodenia phyllicoides diplotene, n = 7.
5.
Goodenia
6.
Goodenia paniculata, Aj with two bridges and
pinnatifida, Mjj in diploid race, n = 8.
fragments, n = 16. 7. Leschenaultia formosa, Mjj, n = 9. 8. Leschenaultia formosa, Aj showing
2 bridges.
One fragment is visible. 9. Scaevola hookeri, Mjj, n = 8. 10. Mitosis in root tip of
SelUera radicans, 2n = 48. 11. Symphyoba-sis sp., n = 8. 12. Velleia para^oxa, Mjj, n = 8. 13.
Leschenaultia formosa, segregating pollen tetrads.
14. L. formosa showing regular adjacent
dyad abortion. 15. L. formosa, octads with 50% abortion.
1.
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THE ADHESION AND COALESCENCE OF SPONGE CELLS AFTER DISSOCIATION.
By

J.

R.

Simons, Department of Zoology, University of Sydney.
[Read 27th March, 1963.]

Synopsis.

Dissociated cells of the sponge Ephydatia multidentata (Weltner) reaggregate rapidly to
form masses of cells which at first exhibit a simple adhesion to each other. Later, coalescence
of the cells occurs as the cell membranes of adjacent cells break down to allow protoplasmic
continuity between them, generally in the form of a number of protoplasmic bridges rather
than a syncytium. Initial adhesion does not involve the antigenic properties of the cell surface,
but coalescence in all probability does.

Introduction.
It

well

known

cells of sponges will, if given the right
reaggregation masses which may subsequently
develop into small functional sponges (Wilson, 1907, 1910). It has also been observed
that if the dissociated cells of two species are mixed, the resulting reaggregation
masses, whilst initially formed as a mixture of cells of both species, eventually sort
themselves out to form masses which are homogeneous for either type (Wilson, 1907;
Galtsoff, 1925; de Laubenfels, 1927).
In examining the process by which this reassortment occurred, Spiegel (1954a,
is

conditions,

that the

come together

to

dissociated

form

1954&)

concluded that the mechanism was antigenic, since he found that antiserum
produced by one sponge in the rabbit inhibited the reaggregation of the cells of that
sponge but did not interfere with the reaggregation of cells of the alternate species.
On the basis of these observations Spiegel also concluded that the normal mechanism
of adhesion between the cells in sponges depended upon the presence of at least two
antigens (M and m) on the cell surface which exhibit "the reciprocal structural
relationship of antigen and antibody". That is to say, two cells adhere by antigen M
on the one joining to antigen m on the other.
While studying the development of the Australian freshwater sponge Ephydatia
multidentata (Weltner) from both gemmules and reaggregation masses, the opportunity
was taken to repeat in part Spiegel's work. This paper presents the results of the
experiments and a discussion of the phenomena of sponge cell adhesion and coalescence.

Materials and Methods.

and the dissociated cells was
taken from a sponge growing in an aquarium.
The antiserum was prepared by injecting into a rabbit a suspension of the
dissociated cells of about one cm^ of the sponge. A "booster" dose of similar size was
injected into the rabbit one week later and then one week after that the i-abbit was
bled and the antiserum prepared.
Serum from a normal rabbit was obtained at the
same time for the purpose of control preparations.
The dissociated cells suspensions were made by cutting a small piece (about one
cm^) of sponge from the parent body, removing excess water by blotting and placing
it together with 2 ml. of previously boiled water in a small hypodermic syringe.
The
piece of sponge was then pumped in and out of the syringe into a watch glass. This
process rapidly fragmented the material which, as soon as the fragments were small
enough, was pumped in and out through fine gauge hypodermic needles (19, 23 and
26 gauge) attached successively to the syringe.
This method, although giving some
debris, yields living single cells, whereas the usual method of sieving the sponge
through fine cloth allows a high proportion of cell clusters through in addition to single
All material for the preparation of the antiserum

cells

and

debris.
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The normal serum and antiserum were each diluted to various strengths by the
addition of previously boiled aquarium water. The mixtures were then set out in 2 ml:
quantities in watch glasses, 0-5 ml. of cell suspension being then dropped into each.
Similar cell suspensions were also dropped into watch glasses containing 2 ml. of
previously boiled aquarium water to serve as comparisons with the suspensions placed
in the normal serum q^nd antiserum preparations.
Observations on the subsequent behaviour and development of the preparations
were made with a binocular microscope at various intervals for the subsequent 20 days.
Time lapse film records were also made. Between observations the preparations were
protected by being covered with Petri dishes and the liquid, as it tended to evaporate,
Two replicate series of experiments
was replenished with boiled aquarium water.
were run. Their results were indistinguishable from those of the original series.

Normal Reaggrkgation.
Before detailing the results it is necessary to indicate briefly the normal course
of reaggregation in Epiiyclatia viultidentata. Since a complete account is in preparation.
I restrict the description to the stages relevant to the present work.
As soon as the cells of this sponge are dissociated, all cell types except pinacocytes
become extremely active. The pinacocytes, however, are gatherd up by the other active
Within so short a time as ten
types, principally by amoebocytes and archaeocytes.
minutes in a dense suspension, the dissociated cells form reaggregation masses of
sufficient size to be just visible to the naked eye.
When the reaggregation process is
filmed by taking an exposure every 10 seconds, the resulting appearance when the
film is projected at 16 frames per second can only be described as frantic.
Cell moves
to cell and adheres; adhering cells move to others to form larger and larger groupings.
Contact inhibition of movement in the sense described by Abercrombie and Ambrose
(1959) does not appear to operate when two sponge cells meet; the cells simply adhere
As
at their points of contact, and then the more active cell drags the other along.
the adhering cells move along the substratum they increase the area of contact between
them. It is not uncommonly observed that a cell already closely adhering to a group
of cells be touched by a passing amoebocyte.
The cell adheres where touched and, as
the amoebocyte moves on, becomes stretched.
If the amoebocyte continues to move
awaj', the adhering cell sometimes snaps away from the amoebocyte to remain attached
to the group. At other times the whole group of cells will be dragged along after the
amoebocyte, tenuously linked to it by the single cell. During the subsequent progress
the linking cell increases its area of attachment to the amoebocyte and ultimately the
whole mass is brought very close to the latter. At the same time the moving amoebocyte
and the trailing cluster meet and adhere to other single cells or groups of cells. As far
as I have observed all cells are invested by a complete cell membrane, there being no
actual coalescence of cells.
At this stage the reaggregation masses are irregular in shape and may appear
either as ragged clumps or as chain formations with a number of side chains and
During the following few hours these irregular
clusters of cells along their length.
masses gradually become spherical or ellipsoidal. They become quiescent and retain
this regular shape during the next ten to fourteen days, after which the next stage,
that of transformation into miniature sponges, begins.
Results.
a. Cells

in Antiserutn.

When

the dissociated cells are placed in antiserum solutions they form irregularly
At first sight, these resemble the masses produced by normal reaggrega-

shaped masses.
tion, but

they are the result of agglutination of the

cells,

due

to the

presence of antibody

medium.
Agglutination masses are produced immediately, whereas normal
reaggregation masses take some time to form. Agglutinated cells also show tangential
in

the

unlike the flattened surface apposition of the normally adhering cells.
Agglutinated masses are also generally porous and retain their shape, whereas reaggregation masses change shape minute by minute.
adhesion,

1
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The

of

effects

various concentrations of antiserum on introduced suspensions of

summarized as follows:

isponge cells are

Concentration
Water.

Antiserum

:

Agglutination.

1

:

1

:

1

:

1

:4

No

subsequent change until masses and

cells

integrate about 10 hours after introduction into media.

and debris present

2

began to disOnly granules

after 24 hours.

1:8
1: 16
1

:

1

:

Agglutination with subsequent recovery (5 to 20 hours) to form rounde€
masses. All disintegrated between 4 and 7 days.

32
64

1:128

h.

:

:

1

:

1

:

256
512

Some

1024
2048

Cells

agglutination

in

small

masses.

Many

isolated

Immobilized

Recovery and apparently normal reaggregation from about 5 hours.
disintegrated between 6 and 10 days.

cells.

All

immobilized for 5 to 6 hours. Some small agglutinated masses. Reaggregation masses smaU. Lived 20 days when observation discontinued.

Normal Serum.

Cells in

The

1

1

of normal rabbit serum of various concentrations
suspensions of dissociated sponge cells are summarized as follows:
effects

on

introduced

Concentration

Normal Serum

Eflfect.

:

Water.
1

:

4096

:

1

Agglutination.

1

1

Reaggregation by 2 hours but masses small.

No

Lived 20 days.

subsequent change untU masses and
and debris only left by 24 hours.

cells

began to

disintegrate. Granules

1:2
4

Some

Normal reaggregation, but masses (together with those of previous group)
died by sixth day.

:

8
16
32

:

64

Normal reaggregation and development in this and all more
serum media. Transformation beginning on twelfth day.

1

:

1

:

1

:

1

1

agglutination.

Reaggregation from about 4 hours onwards.

dilute

normal

Discussion of Results.

The

somewhat from those of Spiegel (1954a, 6)
while the dissociated cells of Microciona and Cliona were inhibited
from reaggregation by their respective antisera, they were not killed. This was the
case In Ephydatia multidentata only when the antiserum was at a greater dilution in
water than 1:32, and even then, in the majority of cases, the cells died between four
and ten days after being introduced into the medium. With higher concentrations of
antiserum the dissociated cells were killed very rapidly.
Spiegel did not follow the
history of his preparations longer than 33 hours and thus gave no information about
their continuing viability.
results of the present study differ

who found

When
solutions

but later
masses.

that,

more dilute antiserum
formed agglutinated masses, others were initially immobilized
recovered their power of movement and were able to form reaggregation
While the immobilization was such that the cells did not form pseudopodia
the dissociated cells of Ephydatia were placed in the

some

cells
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and thus did not move about in the media, they were still capable of altering the
contours of the cell surface: an alteration of bulges and hollows in the cell surface
during the period of immobilization was the best indication that the cell was still
Movements of the cell surface often produced sudden rocking motions of the
alive.
Occasionally a cell rocking was seen to collide
cell with respect to the substratum.
with a neighbouring cell. When this happened (or was caused to happen by gently
tapping the watch glass) the two cells stuck together tangentially, obviously
agglutinated.

From

these data it is reasonable to conclude that the initial effect of the antibody
immobilize the cells. Agglutination occurs secondarily, as the cells collide when
being introduced into the medium, or later when slight movements of individual cells
bring them in contact with others.
is to

The inability of the cell to extend pseudopodia is explicable by assuming that
antibody molecules, binding to two or more antigen sites on the cell surface, form a
network over the surface which is thus constrained physically from altering its
contours to any great extent.
observing that the cells of both Microciona and Cliona when placed in
were not agglutinated, concluded that the antibody, if multivalent, reacted with antigen groups lying within folds on the cell surface; the group
being "so situated that the two or more valence groups of the antibody would tend to
Thus agglutination was impossible. Such a
react with antigen on the same cell".
system cannot be the case in Ephyclatia multiclentata since the reacting antibody is able
to link the surfaces of adjacent cells, so that agglutination occurs.
Spiegel,

their respective antisera

Agglutination of cells was, however, observed by Spiegel when mixed suspensions
and Cliona cells were placed in antiserum produced against such mixtures.
To account for this phenomenon he postulated that a heterovalent antibody was
formed which "would react at one end with cells of one species of the mixed suspension
Whether
leaving a valence group free to contact the cells of the other species".
Ephydatia multidentata cells would react similarly with cells of some other sponge is
of Microciona

moment unknown.
While agglutination of Ephydatia

at the

of antibody, there

is

also another

cells in

dilute antiserum

mechanism involved

is

due

to the

presence

in concentrated antiserum, since

This is
concentrated solutions of normal serum.
probably due to the presence of an active principle in the sei'um similar to that
producing agglutination and immobilization of Paramecium placed in normal serum.
(Reisner, personal communication.)
the cells are also agglutinated in

Within the intermediate range of dilutions of normal serum with water (1:8 to
reaggregation of Ephydatia cells appeared to be normal, but the reaggregation
masses all died by the sixth day. It is felt that this was due to the presence in the
medium of organic material as such, since this sponge, while tolerating a wide range
of osmotic and ionic variation, is extremely sensitive to organic pollutants as well as
suspended sand or silt. (Racek, 1962, and personal communication.)
The death of reaggregation masses in antiserum (dilutions 1:32 to 1:512) was
undoubtedly due to antibody. However, it is unlikely that the antibody causing the
death of the cells after the formation of reaggregation masses was formed against
surface antigen. It is moi'e probable that they were formed against internal antigens,
and acted only after penetrating into the cell. This would explain their relatively slow
1:32)

action.

Generat. Discussion.

The movements

surface mentioned above in connection with the
Immobilization of cells by antiserum is of some interest because it has precisely the
same appearance as in cells which are clumped together in normal reaggregation
masses where, particularly on the surface of cells on the outer edges of the mass, the
successive bulging and hollowing can be seen. This suggests that cells immobilized by
antiserum but still capable of surface movement remain stationary, not because they
of

the

cell
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incapable of putting
contact with other cells.

are

out

pseudopodia,

but

because they

respond as though in

Such a reaction would be consistent with Spiegel's contention that normal adhesion
between sponge cells is due to the presence of antigens on the cell surfaces having a
Against this, however, one must weigh the fact that in
reciprocal relationship.
Ephydatia the immobilized cells generally recovered their powers of movement. Moreover, when fresh suspensions of dissociated cells were introducd into antiserum media
which had been siphoned off from preparations in which the original cells had recovered
their mobility, the new cells were not immobilized but reaggregated normally.
These
results strongly suggest that the antigen involved is produced continuously, so that
where antibody is present, the complex formed between it and the antigen is sloughed
This in turn links with fresh
from the cell surface as new antigen is produced.
antibody and so the process is repeated until the exhaustion of either the antibody in
the medium or the antigen reserves of the cell. The exhaustion of the former results
the latter in their death. The recovery of the ability
reaggregate was observed by Spiegel in both Microciona and Gliona, and he too
concluded that the antigens involved were produced continuously from the cell surface.
in the cells regaining mobility;

to

Since it appears that the cells continue to produce antigen, one may justifiably
conclude that inhibition of movement or reaggregation by antibody is by means of a
chemical or physical constraint placed upon the cells and not because the cells respond
But one cannot conclude, as Spiegel does, that
as though in contact with other cells.
normal adhesion in reaggregation is dependent on the antigenic properties of the cell
surfaces.

to

There are other facts which must be taken into account.

In general, sponges are noted for being capable of a fast and tenacious adhesion
a variety of surfaces.
The dissociated cells, particularly the archaeocytes and

amoebocytes, will cling to and carry about small particles of sand, glass fragments
and, most noticeably, spicules.
One of the most common sights to be seen in a fresh
cell suspension of Ephydatia multidentata is that of an amoebocyte or archaeocyte as it
moves over the substratum, touching a spicule. The cell immediately "picks up" the
The dragged spicule touches other
spicule and, continuing to move, carries it along.
In this way a spicule becomes,
cells and they can be seen to adhere to it immediately.
so to speak, the centre of the formation of a reaggregation mass.
Since the spicules of this sponge are smooth siliceous needles, their immediate
adhesion, as well as that of other inorganic materials, to the cells must be explained
by some property of the cell surface. In these cases obviously it cannot be an antigenic
property, but rather some more general physical one, such as electrostatic charge,
molecular binding of smooth surfaces, or, most probably, as suggested by Galtsoff
But whatever the
(1925), the presence of some secretion with adhesive qualities.
mechanism, the swift adhesion of inorganic matter to sponge cells indicates that
initially at least the adhesion of cell to cell need not involve more than the same
general property of the cell surfaces.
Another point that must be made is that in sponges, cells found lying together
That is to say, the
with distinct cell membranes indicate a temporary contiguity.
condition is seen only in those situations where a cell such as an archaeocyte, an
amoebocyte or a collenocyte is passing over another. Where cells are more "permanent"
in their position witli respect to their neighbours such as the epithelial pinacocytes or
the mesenchymal cells, a condition occurs which Strudnicka (1934) refers to as the
In this condition the cell membranes of contacting cells break
"symplastic state".
down at points along the region of contact to allow direct protoplasmic continuity, as
Galtsoff (1925) used the term coalescence to
a series of bridges, between the cells.
denote the phenomenon. Wilson (1938) held that the epithelial cells formed a syncytium
rather than a symplasm, whereas Brien and Meewis (1938) came to the opposite
conclusion, but whichever state is the more usual it seems certain that "permanent"
structural relationships between neighbouring cells in sponges is denoted by some
type of protoplasmic continuity which involves coalescence of the cells to a greater or
less degree (Berrill, 1961).
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Spiegel (1954?)) describes cell coalescence (as distinct from cell adhesion) as sometimes occurring during the initial stages of the reaggregation process in Microciona
He speaks of the contacting cell membranes giving a "zipper like"
and Cliona.
appearance which progressively vanished within a few minutes, so allowing the proto-

plasm

of the cells to

become continuous.

In Ephydatia multidentata I have never observed the coalescence of cells during
the initial stages of reaggregation, and I am therefore of the opinion that in this
Against this, however, some coalesced cells were seen
species it does not occur then.
in early reaggregation masses and they may have been in this state before being
Later, in rounded, quiescent masses, most of the cells
Incorporated in the mass.
are in a symplastic state with their neighbours, so

I

conclude that the greatest extent

of cell coalescence occurs after the formation of the initial reaggregation masses.
It

has been frequently

observed

(Wilson,

1907;

Galtsoff,

that for some time after their formation, reaggregation masses

Ganguly, 1960)
be readily broken

1932;

may

apart by the touch of a needle point. However, there comes a time, varying with the
species, at which they cannot be so easily disintegrated.
Ephydatia multidentata
reaggregation masses behave in a similar fashion, taking about four to Six hours to
become closely compacted and able to resist such treatment. The change must therefore be due to the replacement of simple adhesion by a symplastic condition of the cells.
In living material of adult sponges of this species, or in the juvenile forms newly
emerged from the gemmule, the amoebocytes and archaeocytes can be seen moving over
and between the sheets and strands of "tissues" formed by a symplastic coalescence of
mesenchymal cells. Thus, in the normal condition the amoebocytes and archaeocj^es
remain, as far as one can see, as individual cells.
Within the gemmule, however,
archaeocytes form (until near the time of emei'gence) a syncytium, and in reaggregation masses both they and the amoebocytes form protoplasmic connections with the

surrounding cells within the mass.
neighbouring cells.

They are thus capable

of

a double response to

The foregoing considerations suggest that

in sponges "strong" adhesion between
a matter of the formation of, at least, protoplasmic bridges between cells, if not
full syncitia.
That is to say, the cells exhibit a general symplastic condition which
involves actual cell coalescence to a greater or less degree.
cells is

When, however, cells simply lie against each other, each with a complete cell
membrane, the adhesion must be regarded as "weak" and easily broken.
That the "weak" adhesive properties of sponge cells is due to some comparatively
simple property of the cell surface seems to be indicated not only by the ease and
rapidity with which the cells pick up spicules, sand grains, etc., in suspension, but also
by their behaviour when dissociated and mixed with dissociated cells of another species
of sponge. Wilson (1910) was the first to describe how the cells moving about in such
mixed suspensions collided with, and adhered indiscriminately to any other cell to
form, initially, reaggregation masses composed of a random mixture of cells from both
If the antigenic properties of the cell surface were important in this initial
species.
adhesion, there should be no clinging of the cells of one species to those of the other
(except possibly if the species were very closely related, which in the experiments

reported was not so).
surface of sponge cells

If,

is

on the other hand, some general physical property of the
assumed, then such interspecific adhesion is to be expected.

Once the initial masses of mixed cells have formed, a sorting out process begins
and eventually reaggregation masses consisting of cells predominantly of each separate
species are formed. This process of reassortment seems clearly to occur as a result of
the cells of one species beginning to coalesce and thus excluding, so to speak, the
cells of the alternate species from the symplasm.
As the excluded cells meet their
fellows, they too begin to coalesce and hence species specific reaggregation masses
come to be formed.
Spiegel showed unequivocally that the reassortment process is to be explained in
teriTis of

the antigenic properties of the cell surfaces, but

I

believe

him

to be in error
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this basis he postulated that adhesion between a

cells

of

a

single

species

was due

to

homogeneous

collection of

a system of reciprocal antigens which,

linking to each other, bound adjacent cells together.

The evidence cited in this paper suggests rather that Spiegel's hypothesis is
redundant, and that adhesion between sponge cells as seen in reaggregation phenomena
must be considered to be a two-stage process. The first stage is simple adhesion, due
to some general physical property of sponge cells.
Because of this property the
dissociated cells will adhere to any other cell of any other sponge. The second stage is
cell coalescence: the establishment of some form of protoplasmic continuity between
This phase does
adjacent cells, as, for instance, syncytial or symplasmic structures.
involve the antigenic properties of the cell surfaces in the sense that the membranes
of adjacent cells can only fuse, so that a syncytium or a series of protoplasmic bridges
may form, if the cells are from the same species of sponge.
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Synopsis.

development

Floret

capitulum

in

Minuria denticulata
the female ligulate

centrifugal in
normal acropetal development.
The anthers contain four sporangia
is

is

unusual

florets,

in

that

ovule

whereas the male

maturation
disc

the
follow

in

florets

and the wall is made up of four cell layers. Pollen
development shows no departure from the usual condition found in the Compositae, and the
mature pollen is three-celled.
The hypodermal archesporial cell passes
The ovule is anatropous and tenuinucellate.
directly into the megaspore mother cell and meiosis is normal except that the nuclear divisions
The embryo sac is consequently tetrasporic in origin. The
are not followed by cell division.
four megaspore nuclei take up a 3 + 1 arrangement and two post-meiotic mitoses result in a

embryo sac of
Embryogeny conforms

16 -nucleate

the

Drusa

type.

to the Asterad type

and the endosperm

is

cellular

from

its

inception.

Introduction.

Minuria is a genus of small uudershrubs and herbs which is endemic to Australia
and is found in the drier temperate regions. Seven species are listed by Black (1957),
who follows Bentham (1866) in treating M. denticulata and M. integerrima as distinct
but closely related species.

Material and Methods.
Material was collected 17 miles west of Wilcannia in western New South Wales
in June, 1962, by Miss Poll Heng, and fixed in F.A.A.
A voucher specimen has been
deposited in the Herbarium of the University of

Conventional paraflSn sections were cut at
Haematoxylin and Johansen's Safranin.

New

England.

10-12y(i

and stained with

Delafield's

Floral Morphology.

The

are unisexual, those of the ray

florets

(Text-fig. 1)

being narrowly ligulate,

female, and in four or five whorls, while the disc florets (Text-fig. 2) are tubular, fivetoothed, and functionally male.
A pappus of 9-10 capillary bristles is present on all
florets,

but

it is

slightly larger on those of the disc.

Nostaminal

vestiges are present in the ligulate florets, but in the disc florets the
abortive ovary forms a short pedicel which is filled with spongy tissue and there is

no trace of an ovule.

The

arms

stylar

whereas those

of the ligulate florets

are slender, obtuse, and finely papillose,

of the disc florets are broader, acute,

superficial cells

which give them a hairy appearance.

and bear long extensions

The

of their

style of each type of floret

traversed by a slender canal which, in the ligulate florets, communicates directly
with the loculus of the ovary.
In the disc florets only, the base of the style is
surrounded :by a nectary which bears a few large stomates.
An unusual feature of the capitulum is the sequence of maturation of the florets.
The ligules of the female florets appear to expand simultaneously, but median sections
of capitula show that along any radius the maturation of the ovules is centrifugal.

is
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For example, when the outermost florets contain ovules at the archesporial cell stage,
in the innermost ligulate florets the ovule is fully formed and the megaspore mother
Between these two extremes, the intervening florets
cell is about to undergo meiosis.
show intermediate stages of ovular development. This difference between outer and
inner ligulate florets is maintained during embryo sac formation and embryogeny, so
that embryos of the innermost florets reach maturity considerably in advance of those
of the outer whorl. In the disc florets, however, normal centripetal development occurs
in the maturation of the pollen and in the opening of the corollas.
There are, then,
two maturation gradients in the capitulum of Minuria denticulata, and the centrifugal
sequence of events in the female florets is diflicult to reconcile with the normal
acropetal succession of a racemose inflorescence.

The Microsporangium.
Each anther contains four microsporangia whose development and dehiscence are
Identical with those described previously in Podolepis

A

(Davis, 1961).

provascular strand is present in each young stamen which, at maturity,
differentiates into three spiral vessels in the filament, but remains in its provascular
fine

condition in the connective.

male gametogenesis conform to
shed in the three-celled condition.

and

Microsporogenesis
pattern and the pollen

is

the

normal

Composite

The Megasporangium.
an erect papilla which arises from the base of the
Early in its development differential growth causes its apex to bend through
loculus.
The single
180°, so that it lies parallel to the funicle in the anatropous position.
massive integument grows over the nucellar lobe as a fold until it reaches the funicle,
leaving only the narrow micropyle.
The ovule primordium

is

(a) Megasporogenesis.

hypodermally at the apex of the nucellus
which bends laterally (Text-fig. 3) as the result of differential growth and it is enclosed
by the overgrowth of the massive integument (Text-fig. 4).
The archesporial cell functions directly as the megaspore mother cell which
occupies all the nucellar lobe except for two elongated and densely protoplasmic

The archesporial

cell

differentiates

supporting cells at the base (Text-fig. 4).
The ovule is tenuinucellate and increase in size of the megaspore mother cell Is
accompanied by anticlinal divisions of the overlying nucellar epidermis, until it reaches
its maximum size just before growth of the integument is completed.
is normal, but neither division is followed by cytokinesis and, consequently,
four megaspore nuclei lie in the common cytoplasm which is bounded by the
original membrane of the megaspore mother cell (Text-figs 5, 6).

Meiosis

the

The arrangement
spindles of Meiosis

megaspore nuclei is determined by the orientation of the
and although the linear arrangement of 1 + 1 + 1 + 1 is usual,

of the

II,

occasionally they are 1 + 2 + 1 due to overlapping of the spindles in the centre of the
cell

(Text-figs

7,

8).

(6)

The appearance

Female Gametogenesis.

of vacuoles in the

common cytoplasm marks

the megaspores into the tetrasporic 4-nucleate

embryo sac which

the germination of

is still

enclosed within

the nucellar epidermis.

The development of a large vacuole just above the chalazal nucleus results in the
+ 1 arrangement of the megaspore nuclei (Text-fig. 9), although occasionally the 1 + 2 + 1
arrangement is retained by the formation of a vacuole between each of the terminal
nuclei and the central pair (Text-fig. 10).

3

Increase in vacuole size forces the tip of the embryo sac through the nucellar
epidermis into the micropylar chamber where it increases in length, and the four
nuclei assume a linear arrangement separated by vacuoles (Text-figs 11, 12).
The
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Text-figs 17-32. Development of the embryo sac (continued), endosperm formation and
early embryogeny. (Lettering of the embryo follows the system of Souege.) Text-figs 17-22 x 433
23-32 X 330.
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disorganized condition in the chalazal

region of the embryo sac until fertilization.

embryo sac reaches the throat of the micropyle, its nuclei
(Text-figs 12, 13) and the embryo sac becomes
with the nuclear arrangement of 2-1-4 + 2, 2 + 2 + 4 or 2 + 6, depending on the

Soon after the
enter their
8-nucleate,

first

tip of the

post-meiotic mitosis

A second nuclear
occurs to give, theoretically, a 16-nucleate embryo sac. Actually, one or
two of the chalazal nuclei do not undergo this mitosis, so the number of nuclei entering
into the formation of the mature embryo sac is fourteen or fifteen (Text-figs 17-19).
positions of the vacuoles in relation to the nuclei (Text-figs 14-16).
division

now

Cytokinesis follows immediately after the second post-meiotic mitosis. The micropylar group of four nuclei is organized into the egg apparatus, and the upper polar
nucleus is enclosed in the endosperm mother cell with the lower polar nucleus
from the chalazal group. The remaining nuclei are individually enclosed in separate
cells

and form the antipodals which do not undergo secondary multiplication, and their

number varies from nine to ten (Text-figs 20, 21).
The embryo sac is of the Drusa type in being tetrasporic

in origin and potentially
shows a variation from the typical condition in the 3 + 1
Minuria leptophylla, on the other hand, has a
arrangement of megaspore nuclei.
monosporic embryo sac of the Polygonum type and secondary multiplication results in

16-nucleate at maturity, but

it

about eight uninucleate antipodal

cells.

Post-Fertilization Changes.
(a) Evihryogeny.

Both synergids are destroyed at fertilization and, although the zygote usually
divides when the endosperm is at least two-celled (Text-fig. 25), it is not uncommon
for this division to be synchronous with that of the primary endosperm nucleus (Textfig.

23).

The first cell generation is of short duration and almost immediately the cell ca,
by vertical division, forms the two-celled tier q, and cb, by transverse division, forms
the superposed cells
and ci of the second cell generation or four-celled proembryo

m

(Text-fig. 26).

m

generation (Text-fig. 27), q has become a quadrant,
is composed
and from ci are derived the superposed cells n and n'. The
fourth cell generation, which is the last stage of the proembryo, is composed of sixteen
a quadrant, n a two-celled tier
cells in five tiers, in which q has become an octant,
and n' has formed the superposed cells o and p (Text-fig. 28).
In the third

of

cell

two juxtaposed

cells

m

m

in
Periclinal walls cut off peripheral cells from the axial quadrants of q and
the fifth cell generation (Text-fig. 29) and these are followed in the sixth cell generation
by similar divisions in the remaining cells of q (Text-fig. 30).

m

is again
In the seventh cell generation (Text-fig. 31) the axial quadrant of
divided periclinally and in the eighth cell generation (Text-fig. 32) both anticlinal and
periclinal divisions are initiated in q, a transverse one has taken place in the axial

quadrant of m, n has become an octant and there is a four-celled suspensor derived from
p and p'.
The embryo conforms to the Asterad type, but, owing to lack of older material, it
was not possible to trace its later development and the formation of the fruit.
(6) Endosperm, Formation.
Soon after triple fusion, the primary endosperm nucleus undergoes mitosis (Textfigs 22, 23) and a thin cell wall, which is always more or less oblique to the long axis
of the embryo sac, is laid down between the daughter nuclei (Text-figs 24, 25).
The
endosperm is therefore cellular from its inception and the endosperm mother cell is
divided into a chalazal and a micropylar cell whose identities, however, become lost

with subsequent divisions.

The cells of the endosperm are always uninucleate and highly vacuolate and they
contain no obvious food reserves. They show no signs of digestion by the embryo until
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has reached the eighth cell generation, whereas there is every indication that the
integument is drawn on as a source of nourishment during the early stages of
embryogeny.

it

Discussion.
In the tribe Astereae, up to date, tetrasporic embryo sac development has been
The first record in Erigeron
reported only in two genera, Erigeron and Vittadinia.

was that

of E. annuus (Tahara, 1915) and various later workers have added nineteen
other species, while Palm's record (1922) of Vittadinia triloba DC. was accepted until
Harling (1954) reinvestigated the species and found its embryo sac development to be

Harling's conclusion was that

invariably monosporic.

Palm "did not study

this species,

but 'Vittadinia triloha hort.', which is an unscientific synonym of Erigeron
karvinskianus DC, an agamospermous plant with tetrasporic ES-development", and so
Erigeron, once again, became the only member of the Astereae with tetrasporic embryo
sacs.

view of the fact that Bentham (1866) considered Minuria to be allied to
and stated that "F. Mueller proposes to unite M. denticulata with M.
integerrima as one species under the name Erigeron Candollei", it is interesting that
Minuria should now be found to share with Erigeron the distinction of being one of the
two genera of the Astereae in which tetrasporic embryo sacs occur.
How far this
similarity between the two genera goes must await an investigation of the remaining
species of Minuria, although a preliminary examination of M. leptophylla has shown
that the embryo sac development is monosporic.
Harling (1951) comments on a similar state of affairs in Erigeron where "the
variation and lability in the ES-development are in striking contrast to the uniform
all three
and invariable conditions prevailing in the other genera of the group
main ES-types occur and at least two of them are not infrequently found in one and
the same species or even in one and the same individual".
The tetrasporic embryo sacs of Erigeron are of the Drusa type in which the
arrangement of the megaspore nuclei is typically 1 + 3 (Maheshwari, 1946), although
Harling (1951) records the 3 + 1 arrangement very occasionally in E. acer ssp. politus,
In Minuria denticulata, however, the megaspore
E. aurantiacus and E. patentisquamus
nuclei are almost invariably 3 + 1, rarely 1 + 2 + 1 and never 1 + 3.
The Drusa type of embryo sac is fundamentally 16-nucleate, but in actual fact, both
in Erigeron and Minuria, this is seldom the case owing to one or more of the chalazal
nuclei failing to undergo the second and last post-meiotic mitosis or, according to
Harling (1951), certain nuclei "strike".
In this way the chalazal components of the
embryo sac are reduced in number and it could be argued that this is the expression
of a tendency to revert to the 8-nucleate embryo sac.
Such a tendency may well be
the underlying principle of the nuclear fusions characteristic of the Fritillaria type of
embryo sac, but in order to maintain such a theory as the basis of "strike", an
explanation must also be advanced to account for the reverse phenomenon of the
secondary multiplication of antipodal cells in the monosporic Polygonum-type embryo
sacs of several species of Erigeron and Minuria leptophylla.
In

Erigeron,

.

.

.

.
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OBSERVATIONS ON DISTRIBUTION, BEHAVIOUR AND DEVELOPMENT IN THE
AUSTRALIAN TOAD GENUS P8EUD0PHRYNE FITZINGER.
By

C.

M. Jacobson.

[Read 27th March, 1963.]

Synopsis.

A

comparison is made of the distribution, behaviour and development of three species of
Pseudophyrne P. australis, P. bib7-oni and P. corrohoree.
The possible use of these characteristics in the clarification of the taxonomy of the group is discussed.
,

Introdltction.

The toads of the genus Pseudophryne are widely distributed in various environments throughout Australia. They are divided into nine species on the bases of adult
colour pattern and geographic distribution, but little else is known of them.
In this
study, observations have been made on three New South Wales species, P. australis.
P. Hl)roni and P. corroboree.
The first two were together described as BomMnator
australis by Gray (1834).
They were separated in 1858, when Giinther distinguished
australis, the name given to the whole group by Pitzinger (1843).
controversy, the separation was confirmed by Fletcher (1893) and Harrison
P. corroboree was described by Moore (1953), and some brief comments on

P. bibroni

After

(1922).
its

from P.

much

habits and morphology were recorded by Colefax (1955).

literature on

A

general survey of the

Pseudophryne was presented by Moore (1961).

The information

on these three species, in addition to a descripmay be summarized as follows: P. australis
occurs only on the Hawkesbury Sandstone country around Sydney; P. bibroni is found
along the east coast of Australia from Queensland to Victoria, and also occurs in South
Australia and Tasmania; P. corroboree has been found only in the mountains of
southern New South Wales. P. australis and P. bibroni are known to be nocturnal;
available, to date,

tion of the external features of the adults,

P. australis

is

gregarious, but until the present study P. bibroni

was believed

to be.

Both species breed after rain. Harrison (1922) observed that P. australis
laid about twenty eggs, of average diameter 3-5 mm., in a chamber hollowed in the
bank of a pool. He stated that both parents remained with the eggs until hatching.
P. bibroni laid about one hundred eggs, of average diameter 2 mm., in any damp place
and abandoned them. P. australis is known to lay all through the year, but P. bibroni
was thought to lay only from April to June. Colefax (1955) recorded P. corroboree
nesting in burrows up to ten inches deep, in Sphagnum moss, in January in the Snowy
Mountains, near Mt. Kosciusko, where batches of about twelve eggs were laid. Harrison
(1922) described the external features of eggs and tadpoles of P. australis and P. bibroni,
and Moore (1961) described some selected stages of development which he stated to
be similar in both species. Nothing has previously been recorded on the development
solitary.

of P. corroboree.

Materials and Methods.

The

were observed in daylight and at night. P. australis was observed in
four areas north, and one south of Sydney in each season, during the years 1959, 1960
and 1961. P. bibroni and P. corroboree were observed in six areas in the Australian
P. bibroni was
Capital Territory (A.C.T.) between March, 1960, and October, 1961.
found in the Brindabella Ranges and by the shore of Lake George, but P. corroboree in
Adults, tadpoles and eggs of all species were also observed in the
the ranges only.
species

laboratory.

Proceedings of the Linnean Society of
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Wales,
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Obsekvations.
Distribution.

low scrubland with shallow, sunny, temporary
(1922) observed it have since
Unlike some other
Ijeen cleared and settled, and the pools have been destroyed.
Anurans, P. australis cannot adapt to breeding in concrete-lined gutters or drains,
because of its nest-making habit.
In these places therefore the species is becoming
scarce, although it is still common in natural parks, undeveloped outer suburbs of
Sydney, and in the surrounding native bushland.
The Australian Capital Territory lies approximately in the middle of the area
inhabited by P. bibroni. It is found here in the same general region as P. corroboree.
P. bibroni occurs between two thousand and five thousand feet, in all types of terrain
from open grazing land to the densely forested mountains of the Brindabella Ranges.
Purther north in New South Wales, near Armidale, the species is found above three
thousand feet, while on the south coast of this State, and in Victoria and Queensland,
it occurs close to sea level. None of the areas in which it has been observed are closely
settled. Harrison (1922) and Moore (1961) have recorded an occasional specimen near
Sydney, in the centre of the P. australis habitat, but none have been observed in the
present study.
P. corroboree has been reported from five localities.
These are: Round Mountain,
•5,758 ft. (type), Smiggins Hole, 5,666 ft., and Alpine Hut, 5,000 ft., in the Snowy
Mountains, and near Mt. Gingera, 6,092 ft., and near Mt. Ginini, 5,000 ft. (present study),
in the Brindabella Ranges. The two areas are sixty miles apart on the same mountain
range, separated by uninhabited, almost unexplored country. P. corroboree was formerly
considered to be very rare, but this is not true, as the colonies observed contained

The

pools.

typical habitat of P. australis

Many semi-bushland

is

areas in which Harrison

The yellow coloration makes them difficult to see in the
liundreds of individuals.
Despite the small distance separating the two populations, the
yellow-flowered moss.
Specimens from the Snowy Mountains have
pattern of the dorsal stripes differs.
No
uninterrupted yellow stripes, while those from the A.C.T. have broken stripes.
intermediates have been observed.

Behaviour.
All three species

most

remain under stones, logs or vegetation during the day, so that

including feeding and mating, takes place at night.
P. australis and
JP. corroboree are always gregarious, but isolated specimens of P. bibroni may be found
in dry mountain regions.
In well watered places, suitable for breeding, however,
P. bibroni also forms large colonies which contain hundreds of animals in the breeding
activity,

season, which extends from March to mid-April in the A.C.T. but in February further
south. In the A.C.T., P. corroboree breeds in February and March.
,

The habitat of P. australis has a mild climate, with little seasonal change. Water
temperature varies only between 17° C. and 23° C, although laboratory tests show that
the tadpole can survive between 12° C. and 26° C. The pH of the water in the habitat
ranges from 6-7 to 6-9, while that of Sydney tapwater averages 6-7.
However, the
tadpole will not survive in this and must be kept in a culture medium, e.g., 100%
Holtfreter's solution.
This may be due to the chlorine (17 pts per million), or the
high iron content of the Sydney water supply. The tadpole also requires a high oxygen
concentration, which can only be provided in the laboratory by artificial aeration.
The A.C.T. has a wide range of climatic conditions, including a severe winter with
snow on the mountains. In cold weather, P. bibroni and P. corroboree remain immobile
and, if disturbed, take several minutes to move sluggishly away. In the snow-covered
areas, the ground freezes to a depth of approximately three to four inches.
The soil
temperature at a depth of about six inches is 2° C. Neither of the species can be found
even by digging down to about twelve inches, but they reappear in the same habitat
in spring, having apparently passed the winter in deep burrows.
In the P. bibroni
breeding season, the water temperature varies from about 18° C. at noon to about 11° C.
in the evening, but in mid-winter many of the pools are ice covered, with a water
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Laboratory tests show that the tadpoles can
temperature of 2° C. beneath the ice.
withstand a range of temperature from 1° C. to 25° C, but they are never likely to
experience the higher limits of this range in nature. The tadpoles of P. corroboree have
a similar wide temperature tolerance. The pH of the water in this habitat is the same
as that experienced by P. australis, i.e., about 6-7, but both P. Mdroni and P. corroboree
will develop normally in Sydney tapwater.

One colony of P. corrohoree was studied in a small hollow about 20 ft. square,
where the ground is boggy and mossy. There is no running water, but there are several
large pools nearby where the temperature in March was 18° C, and where youngtadpoles were found in May.
In June, these pools were ice covered, and the tadpoles
were then lying either in the mud or water beneath. The soil temperature at half an
inch below the snow was 1° C. and at two inches 2° C, while the water temperature
Under these conditions the tadpoles of P. dibroni and
beneath the ice was 2° C.
P. Gorroboree remain almost motionless and the heart beat is reduced from about 40
beats per minute at 18° C. to about 25 per minute at 1° C.
Nothing is known of the age of sexual maturity or the average life expectancy of
Pseudophyryne. In the laboratory, adults of all three species have survived in good
They will not eat meat, but must be fed on small flyingcondition for three years.
insects. Both DrosopMla and Dacus are suitable for P. bibroni, but small specimens of
P. australis cannot take Dacus.
under a much narrower range of conditions than
temporary pools with
soft banks. It hollows out a simple nesting chamber where the eggs are laid in batches
of about twenty, each with its own jelly coat. Both male and female commonly remain
Harrison (1922) stated
in the chamber, but occasionally the female alone is present.
that the female rolled the mature eggs into the water, but this has not been confirmed
by any subsequent observer. The nests are close to water level and would be flooded
It seems that the embryos will not hatch until they enter water.
after heavy rain.
Mature eggs kept just moist in the laboratory for four weeks did not hatch. They were
Eggs kept
then placed in water where they hatched normally within three hours.
continually in deep water did not hatch more quickly than usual.

Egg laying by

in the other

P.

two

bibroni,

P. australis occurs

species.

in open

P. australis lays near shallow, clear

country, lays eggs in exposed situations,

e.g.,

roots in waterlogged paddocks, or in small depressions in the ground.

between grass

In rocky places,

it uses the small, shallow pools which collect between the boulders, and lays the eggs on
the water's edge in weeds or debris, while in well watered areas it constructs nests in
the muddy banks of streams. These nests are elaborate two-storied tunnels, up to eight
inches long, containing enlarged chambers in which the eggs are laid. They are more

As they lie in the
elaborate and higher above water level than those of P. australis.
The
of very steep, fast-flowing streams they can still be flooded by heavy rain.

banks

batches of eggs vary from about fifty to three hundred, and include different stages
together. It is possible that more than one female may use each nest, but one can lay
One pair in captivity, laid and fertilized two hundred and sixty
this number of eggs.

eggs during eight hours. Males and females remain in the nests. Of the eggs found in
open situations, all but one batch, which was about three hours old, had been abandoned.
This suggests that only nest eggs are cared for. However, the unattended eggs were
all developing normally.
The adults of both species enter the nests only during the
breeding period. P. bibroni enters only at the breeding season. At other times, adults
remain under cover on the ground surface. Since P. australis breeds throughout the

However, all females of both species
It is apparent that the
taken from nests were either gravid or sitting with eggs.
presence of the adults in the nests indicates some parental care, and not general use
Harrison (1922) suggested that parents kept the eggs moist.
of the nests for shelter.
In the laboratory, females of P. australis have been observed stretched over the eggs,
which are thus in contact with the mother's skin. Eggs of P. bibroni and P. corroboree
not laid in a nest were always found in very damp situations.
year, the nests are usually occupied after rain.
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P. corroboree

was not observed

make

from twenty to forty
mud and moss.
Only one female was found with a batch which was about four hours old. Although
Although, under
males were calling nearby, they were not present near the eggs.
laboratory conditions, tadpoles of P. australis and P. bibroni will not hatch out of water,
those of P. bibroni and P. corroboree may be found in the field, developing normally
buried in mud beneath drying pools or ice.
to

nests, but batches of

eggs, including several stages, were developing normally lying in the

at 18° C.
The considerable

Development

differences in the development of the three species are most
obvious externally in the early pigment pattern, the shape of the neurula, the time of
the heart beat appearance, and the length of tadpole life. In the early egg stages of
P. australis there is a great concentration of pigment at the animal pole, from where
it spreads only a little way towards the equator, becoming much less dense.
No grey
crescent is visible.
This pigment gradient remains obvious until just prior to the
appearance of the neural folds, when the coloration becomes uniform. In P. bibroni
and P. corroboree, the animal pole is never as densely pigmented, the pigment spreads

further towards the vegetal region, there is a grey crescent, very faint in P. bibroni
but quite well defined in P. corroboree, and the uniform coloration is established just
prior to gastrulation.
The anterior sense plate, which forms in the neurula anterior

small in both P. australis and P. corroboree, but very
shape of the embryo.
Heart beat begins in
P. bibroni on the eighth day, when the tadpole still lacks a complete gut, teeth, or
mouth frills and when the eye is still opaque. It does not begin until about the
fourteenth day in P. corroboree and sixteenth in P. australis, when these tadpoles are
well developed with gut, teeth, mouth frills and functional eyes. P. australis hatches
as a well-developed tadpole capable of a free-feeding, free-swimming existence, and
completes metamorphosis in a further three to four weeks, an apparent adaptation to the
quick drying, shallow pools of its environment. P. bibroni, hatching at a very immature
stage, remains a tadpole for three to six months, and only metamorphoses when the
snow has melted and insect food has become plentiful in September or October. In
P. corroboree, although the newly hatched tadpole is almost as advanced as that of

to the transverse neural ridge,

large in P. bibroni where

it

is

alters the

metamorphosis does not occur until spring, about six months after hatching.
collected in late May metamorphosed in the laboratory in late
September. P. bibroni does not draw level with the other species in internal organ
development until the commencement of metamorphosis.

P. australis,

Young tadpoles

Interspecies.

As yet, no attempts to cross fertilize these, or any other species of Pseudophryne.
have been successful. Morphological differences between the species are very slight,
and amplexus is similar in all cases observed. The mating calls of P. australis, P. bibroni.
P. corroboree and a Victorian species, P. semimarmorata, are apparently indistinguishable (Littlejohn, personal communication, 1961).
In the laboratory, males of either
P. australis or P. bibroni will clasp females of the alternate species, which do not
respond.
However, females in captivity lose breeding condition within two to three
days.
Interbreeding may occur in nature.
South of Sydney, where the habitats of
these two species overlap, a few apparent colour intermediates have been found.
Littlejohn has observed possible intermediates between P. bibroni and P. semimarmorata
in Victoria. Another species, P. dendyi, exists in the mountains of New South Wales
and Victoria. It is black dorsally, with white or yellow spots on the head and snout,
and a yellow anterior limb band. Some specimens are dark brown dorsally like P.
bibroni, with a yellow snout, while at the other end of the range, some are black, with
a series of yellow stripes on the head similar to the dorsal stripes of P. corroboree.
Moore (1961) has examined the history of P. dendyi, and noted its similarity to
P. bibroni. He considered that, if he had found P. bibroni in the same region, he would
have doubted the validity of the other species. From his descriptions, it is apparent

BY

C.

K. JACOBSON.

45

that he did not observe specimens at the P. corroboree end of the range.

It is

thus

possible to arrange the species in an intergrading series from P. australis to P. Mbroni,
to P. dendyi to P. corroboree, and another series from P. bibroni to P. semimarmorata.

The

is P. bibroni with its wide distribution, in which it exhibits colour
Specimens from the south show a reddish-brown dorsal toning. This shades
An investigation of
into brownish-black at the northern extremities of the range.
differences in coloration, behaviour and development within this species throughout
the habitat has not yet been carried out.

central species

variations.

Discussion.
P. australis, existing in a favourable uniform habitat of small area,

shows a constant
apparently typical of the genus when conditions are favourable. P. bibroni, however, adapts its nesting behaviour to the environment.
If no suitable nest sites are available, it breeds wherever it can find a damp
place.
P. corroboree also adapts to different environments.
Colefax (1955) has not
described the Snowy Mountain habitat in detail. In the Brindabella Ranges, the colony
examined in the present study probably does not construct nests because the pool banks
are of clay, rather than soft soil and, in the area itself, there is no running water.
This is similar to the conditions encountered by P. bibroni in the open paddocks, where
the eggs were laid between the grass roots. Nests were not constructed in the sides of
several small hillocks. Both P. australis and P. bibroni, and apparently P. corroboree,
nest therefore only in the banks of flowing streams.
behaviour pattern.

Its

nesting behaviour

is

all these species of Pseudophryne lie within a continuous range
As the genus becomes better known, and more specimens are
collected, the problem of fitting in varieties and intermediates will become greater.
Among the Hylidae, this has been met by creating subspecies, but they are not generally
accepted. At present not enough is known of Pseudophryne to attempt this. The known
species are all allopatric, except for P. bibroni and P. corroboree in the Brindabella

It is

obvious that

of colour variation.

Ranges.

Here, P. bibroni is widespread over the whole area, while P. corroboree can
During the present investigation, P. bibroni was
be found only in isolated pockets.
not found breeding within three or four miles of P. corroboree, although isolated
The breeding pools were not observed to be shared,
specimens were found closer.
although the breeding seasons overlap in March. The intermediate species, P. dendyi,
has not been collected in this area, and no apparent hybrids have been found.

The developmental processes
distinguishable.

A

worker who

and P. corroboree are clearly
familiar with the material can identify the eggs

of P. australis, P. bibroni
is

species.
If the other species of Pseudophryne can also be shown
way, and if the intermediates can be fitted into one of the patterns of
development, or they are found to be infertile, development may be used as a new
species criterion in place of the unsatisfactory one of coloration.
It is possible that
the new criterion may confirm the validity of most of the present species, as it has done
in the three already studied.
If it does so, the classification will at least rest on a
more rational basis than the present one.

and tadpoles of each
to differ in this

Summary.
Three species of the Australian toads Pseudophryne are examined
distribution, behaviour and development.

for details of

P. australis is a Sydney species, adapted to a uniform habitat, where it constructs
simple nests for egg laying. The tadpoles develop in three to four weeks in shallow,
quick drying pools. P. bibroni is widespread in eastern Australia and adapts to varying
environments. In suitable situations it constructs complicated nests, but will also lay

eggs in any damp place. Tadpole development requires from three and a half to six
months, during winter, when the higher areas in the habitat are snow covered.
P.
corroboree has been found only in the mountains of southern New South Wales, where
it is adapted to a cold environment.
Like P. bibroni, it alters its breeding habits to
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suit the situation.

The tadpoles take about

development of

three species differs greatly.

all

six

months

to reach

metamorphosis.

The

Intermediates between these and other species of Pseudophryne occur, so that the
Separation into species on this ground
whole genus exhibits a range of coloration.
alone is thus arbitrary and uncertain. The results of this study indicate that develop-

ment

likely to provide a

is

more

suitable basis for classification.
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Synopsis.

and plant cover were removed from an eight-acre area of Hawkesbury Sandstone
near Yanderra, N.S.W., in 1918 and regeneration has since proceeded with little interference.
At present 75% of the surface consists of outcropping rock or rock fragments and the remainder
is weathered rock material which has accumulated in topographically lower pockets scattered
throughout the area. The weathered rock material underlying the rock fragments and in the
Soil

pockets seldom exceeds 6" in depth, but 100 species of higher plants provide a sparse cover.
The area is still surrounded by undisturbed E^icalyptus woodland, where only 15 additional
species have been recorded.

Introduction.

The New South Wales Government Railways excavated areas of their property
adjoining the main southern line during 1916-1918 to obtain large amounts of filling
material for construction work. The plant and soil cover was completely removed and
the underlying rock surface exposed.

The

largest of these areas lies between Yanderra and Yerrinbool, 68 miles south-

west of Sydney, and

is

of 18 chains radius

and

approximately eight acres. It forms the segment of a circle
bordered by the railway line on the circumference and a
fence on a chord of about 25 chains. The fence was erected immediately after clearing
and Plate iii, fig. 1, shows that the area is still surrounded by virgin woodland. Hence
regeneration has proceeded with only minor disturbances since 1918. Railway employees
have worn a narrow cart track across the western end of the area and deposition of
refuse by train passengers and railway fettlers has allowed the establishment of weed
species in a strip close to the line.
However, regeneration in the remaining area has
not been influenced since, although the railway line is elevated on an embankment along
half of the circumference, Figure 1 indicates that the gentle slope of the area is
towards the line. The area between the railway line and the telegraph posts shown on
Figure 1 has not been included in this study.
Cambage (1923) briefly described this area and listed the species occurring there
five years after clearing.
No further reports appear to have been made until the
of

is

present time.

The Environs

of the Denuded Area.

on the Nepean Ramp which forms the
southern part of the elevated plateau encircling the undulating Sydney Plains. This
plateau is composed chiefly of Hawkesbury Sandstone, whereas younger sediments of
the Wianamatta Group cover the Sydney Plains. Cappings of Wianamatta Shale occur
on undissected parts of the Nepean Ramp, including the Yanderra and Yerrinbool areas.
However, a local but fairly extensive exposure of Hawkesbury Sandstone occurs around
the area which was cleared. Deep railway cuttings have been made through the sandstone close to the denuded area and sandstone outcrops occur to a limited extent in the
adjoining woodland.
Being close to the transition to the Wianamatta Shale, this
Hawkesbury Sandstone is finer textured than that which is often found lower in the
Hawkesbury Series and on weathering gives rise to a deeper, less skeletal and finer
textured soil cover than is found in more typical sandstone areas.

The Yanderra-Yerrinbool

district is situated

The vegetation of the Wianamatta Shale and associated Hawkesbury Sandstone has
been described by Pidgeon (1941) and Phillips (1947).
Proceedings of the Linnean Society of

New South

Wales,

1963, Vol. Ixxxviii, Part
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The Denuded
Over most

Area.

been exposed by the removal of about four
feet of soil.
At the south-western end near the railway line only one foot of soil
appears to have been removed, whereas a profile of six feet depth is exposed midway
along the fence. Figure 1 shows small areas close to each end of the fence where soil
depth did not warrant clearing. The surface, as shown in Plate iii, fig. 2, now consists
of a series of stone-covered belts extending in an approximate east-west direction which
alternate with and are elevated at 3"-24" above areas where soil material occurs at
of the area, the surface has

the surface.

These elevated ridges vary in width from 3 to 130 feet, but are mostly within a range
Their length generally does not exceed 80 feet, but some extend up to
400 feet. Part of the ridge series is outcropping fine-grained sandstone; the remainder
consists of pebbles ranging from i" diameter to flattened, angular sandstone fragments
which vary in size up to 5" across the surface and 1" in thickness. The largest fragments
of 10-30 feet.

ScLndstone.

for
nfcr

CO, rcot

Co

SurfcLce,

_

O/cJ

borrow Pit

Yanderra.

h^icjht

telegraph

Fig.

1.

predominate on the tops of the elevated areas and may overlie rock or decomposing
parent material in the form of white clay containing fine sand. The clay may extend
to depths of 12" and very occasionally to 18", but is seldom in excess of 4". Generally,
the clay is deeper on the shoulders of these ridges where the smaller rock fragments
form most of the stone cover.

Remnants

of soil

from the base

of the original profile,

which were

clearing operations, have accumulated in the shallow hollow areas.

left

Some

from the
of

these

hollows contain only fine sand which has been washed in from the adjacent ridges and
are bare of plant cover as shown in Plate iii, fig. 3. Others are covered with a dense
moss mat and a variety of angiosperm species. Where plant cover has developed to any
extent, organic matter has been incorporated in the fine sand to a depth of about 3".
White sandy clay, stained in small patches with iron, may extend to depths of up to 12"
below this layer. The hollows vary in size from small patches of 5 feet x 3 feet to
areas covering 360 feet in length and 9 feet in width.

The area was subdivided for quantitative study into plots which extended at right
angles from the fence line. These plots are shown on Figure 1. In each plot, quadrats
of 36" X 18" were located at points selected according to the sequence of random numbers
Sufficient points were chosen to allow for an
provided by Fisher and Yates (1938).
examination of rather more than 1% of the total area. The nature of the surface, the
depth of the rooting medium, and the type and extent of plant cover, were noted at
each point. Cover was calculated on the basis of the vertical projection of the shoot
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onto the ground surface and included the crown of the eucalypts.
summarized in Table 1.

The information

is

These data show that little difference occurs between the plots. While the proporby the top and the shoulder of the ridges varies, the area occupied
by the hollows varies only between 22 and 27%. The soil depth is very shallow throughout the whole area but, as expected, shows a regular increase from the ridge top to the
lower areas.
Cambage (1923) makes little reference to the nature of the surface. His only
comment is: "Already small accumulations of sand are beginning to form and a
miniature sand dune three to four feet across, and about nine inches high, is held in
position by a cluster of plants of Mirielia reticulata." From his photograph, which is
reprinted in Plate iv, fig. 4, it appears that Cambage was referring to pockets of sand
accumulated between the stone-covered ridges.
No marked changes in the surface
appear to have occurred since the area was cleared.
tion of area occupied

A comparison of Cambage's 1923 photograph (Plate iv, fig. 4) with that taken
from the same position in 1962 (Plate iv, fig. 5) indicates a great difference in vegetative
cover.
Throughout the area, the plant cover is still sparse and consists of stunted
trees and shrubs which are widely spaced over the stone-covered ridges.
The cover is
more abundant in some of the hollow areas, and includes some herbs. The results in
while the cover values are commonly the highest in the hollow
of values and lack of uniformity in angiosperm cover occur
The densest
in the hollows as on the shoulders and tops of the more elevated areas.
angiosperm cover occurs in the pockets where the mat of the moss Campylopus is well
In view of the nitrogen-fixing ability of
developed and the soil depth is greatest.
legumes and Casuarina and the dearth of organic matter in the rooting medium except
where the moss mat occurs, particular attention was given to the extent to which these
The values in Table 1 show that their
species contributed to the angiosperm cover.
contribution is variable and generally small. Plate iv, figs 6 and 7, illustrate the plant
cover on the ridges and the hollows.
The 100 species which have been recorded growing on this area in 1962 are listed
in Table 2 which also indicates 29 of the 33 species noted by Cambage (1923). Of the
other species in the 1923 list, Agrostis aemula and Vulpia myuros (Galamagrostis aeviula
and Festuca myurus respectively) have not been found in this locality during this study,
but, being annuals, they may not have persisted, Poranthera ericifolia has been noted
only in the woodland, and Danthonia racemosa could be represented by D. purpurascens.
Only 15 additional species have been found in the surrounding woodland and have not

Table

1 indicate that

areas, the

same wide range

as yet colonized this area.

These species are:

Xanthorrhoeaceae Xanthorrhoea hastile R.Br.
Proteaceae: Persoonia laurina Pers., P. linearis
:

Andr.,

Xylomelum pyriforme

(Gaertn.) Knight.

Santalaceae: Ghoretrum paucifloruvi A.DC, Olax stricta R.Br.
Papilionaceae Daviesia ulicifolia Andr., Hovea linearis R.Br.
Rutaceae: Boronia ledifolia J. Gay, Eriostemon lanceolatus Gaertn.
Tremandraceae Tetratheca thymifolia Sm.
Euphorbiaceae: Poranthera corymbosa Brongn., P. ericifolia Rudge.
Violaceae: Hybanthus filiformis (DC.) F. Muell.
Epacridaceae Lissanthe sapicla R.Br.
:

:

:

Specimens of Eucalyptus up to 30 feet in height occur on this area, but many do
not exceed 14 feet.
The tallest trees at present include specimens of E. gummifera
which was not recorded in 1923. At the western end, E. sieberiana is the most common
of the four species of Eucalyptus, but in the lower areas E. agglomerata dominates.
E. racemosa occurs infrequently and mainly at the western end of the area. Up to the
present, E. gummifera is the only eucalypt that has fruited.
This has caused some
difficulty in making specific determinations. Petrophile sessilis and Daviesia corymbosa
are the most abundant species and occur on both the stone-covered areas and in the
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Plant Species Growing on the Denuded Area

iti

1962.^

Genus and Species.

Family.

Division.

51

Location.

Occurrence
in 1923.i

Pteridophyta

Angiospermae
Monocotyledoneae

Scliizaeaceae

Schizaea bifida Willd.

Lindsaeaceae
Adiantaceae

Lindsaea linearis Sw.
Cheilanthes tenuifolia (Burn,

Gramineae

f.)

Sw.

*Andropogon virginicus L.
Anisopogon avenaceus R.Br.
Aristida ramosa R.Br.
Dantkonia purpurascens J. Vickery
Deyeuxia decipiens R.Br.
JOichelachne rara (R.Br.) J. Vickery
Entolasia strieta (R.Br.)

Hughes

Eragrostis brownii (Kunth) Kees ex Steud.

Imperata cylindrica Beauv. var. tnajor (Nees) C. E.

Hubbard
*Paspalum dilatatum
Cyperaceae
Juncaceae
LUiaceae

*Juncus

sp. (sub-genus Junci genuini Buchen.)
Tricoryne simplex R.Br.

Xantliorrhoeaceae

Haemodoraceae
Iridaceae

Orchidaceae

Casuarinaceae
Proteaceae

Dicotyledoneae

Poir.

Cyathochaete diandra Nees

Thysanotus tuberosus R.Br.
cylindrica A. Lee
L. micrantha (Endl. in Lehm.) Ewart
L. obliqua (Thunb.) Macbride
Haemodorum planifolium R.Br.
Patersonia glabrata R.Br.
P. sericea R.Br.
Caladenia carnea R.Br.
Calochilus robertsoni Benth.
Microtis unifolia (Forst.) Reichb,
Thelymitra ixioides Sw.
Casuarina littoralis Salisb.
Banksia serrata L.f.
B. spinulosa Sm.

Lomandra

Conospermum longifolium Sm.

var. angustifoKum

B.Br.
Grevillea mucronulata R.Br.
0. sphacelata R.Br.

Hakea dactyloides (Gaertn.) Cav.
H. sericea Schrad.
Tsopogon anemonifolius (Salisb.) Knight
1. anethifolius (Salisb.)

Santalaceae

Polygonaceae
Cassythaceae

Mmosaceae

Knight

Lambertia formosa Sm.
Lomatia silaifolia (Sm.) R.Br.
Persoonia lanceolata Andr.
P. levis (Cav.) Domin
Petrophile pedunculata B.Br.
§P. sessilis Sieb. ex Schult. et f.
Leptomeria acida R.Br.
*Acetosella angiocarpa (Murb.) A. Love
Cassytha pubescens R.Br.
Acacia brachybotrya (Vent.) Desf.

A. Unifolia (Vent.) WiUd.
A. myrtifolia (Sm.) WiUd.
A. suaveolens (Sm.) Willd.
A. ulicifolia (Salisb.) Court

+

and moss species have not been listed.
The remainder occur either on
t In this column x indicates the species which are typical of the hollow areas.
both ridges and hoUows or very infrequently. The numbers 1-12 refer to the species commonly found on the ridges
with 1 (P. sessilis) being the most abundant and 12 (Gompholobium grandiflorum) infrequent.
X In this column + denotes presence in Cambage's list, allowance being made for alterations in nomenclature
1

Algal, lichen

in recent years.
§

and Olearia
and O. viscidula

Petrophile pulchella

1923 for P.
Species

sessilis

marked

*

nernstii

do not occur in the

locality

and apparently were misdeterminations

respectively.

are not native to the Eucalyptus woodland, but are introductions

from elsewhere.

in
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Table

2.

Continued.

Plant Species Gfrowing on the Denuded Area in 1962.^

Dicotyledoneae

Genus and

Family.

Division.

Papilionaceae

(contd,)

—Continued.
_
Occurrence
Location.t
j^ ^g^S.t
,

Species.

Bossiaea microphylla Sm.
JDaviesia corymbosa Sm.
Dillwynia floribunda Sm.

var.

teretifolia

.

.

(DC.)

Blaliely
J),

parvifolia E..Br.

Gompholobium grandiflorum Sm.

12

O. huegelii Benth.

Mirbelia rubiifolia (Andr.) G.

Don

Phyllota phylicoides (Sieb. ex DC.) Bentli.

Pultenaea villosa Willd.
Sphaerolobium vimineum Sm.
*Trifolium arvense L.

Polygalaceae
Dilleniaceae

Thymelaeaceae
Myrtaceae

UmbeUiferae

Primulaceae
Epacridaceae

Gentianaceae
Plantaginaceae

Rubiaceae
Campanulaceae
Goodeniaceae

Compositae

Comesperma defoliatum F. Muell.
C. ericinum DC.
Hibbertia serpyllifolia R.Br, ex DC.
Pimelea linifolia Sm.
Eucalyptus agglomerata Maiden (Stringy bark)
E. gummifera (Gaertn.) Hochr. (Bloodwood)
E. racemosa Cav. (Brittle gum)
E. sieberiana F. Muell. (Mountain Ash)
Kunzea ambigua (Sm.) Druce
Leptospermum attenuatum Sm.
L. flavescens Sm.
Platysace ericoides (Sieb. ex Spreng.)

Norman

P. linearifoUa (Cav.) Korman
Xanthosia pilosa Budge
*Anagallis arvensis L.
Brachyloma dapknoides (Sm.) Benth.
Lissanthe strigosa (Sm.) B.Br.
Monotoca scoparia (Sm.) B.Br.

*Centaurium minus

Weimm.

*Plantago lanceolata L.
Pomax umbellata Soland. ex Gaertn.
*Wahlenbergia quadrifida (R.Br.) A. DC.
Goodenia bellidifolia Sm.
G. hederaeea Sm.
Scaevola ramosissima (Sm.) Krause
Cassinia aureonitens Wakefield
*Erechtites prenanthoides

DC.

*Erigeron floribundus (H.B.K.) Sch. Bip.
*Facelis retusa (Lam.) Sch.

*Gnaphalium luteo-album L.
*G. spicatum

Lam.

Helickrysum collinum DC.
H. diosmifolium (Vent.) Sweet
*Hypoehoeris radicata L.
Olearia microphylla (Vent.)

Maiden

&

Betche

§0. viscidula (F. Muell.) Benth.

O. sp. (near 0. ramulosa (Labill.) Benth.)
*Vittadinia triloba (Gaudic.) DC.

1

Algal,

Uchen and moss species have not been

listed.

t In this column x indicates the species which are typical of the hollow areas.
both ridges and hollows or very infrequently. The numbers 1-12 refer to the species

The remainder occur either on
commonly found on the ridges

with 1 (P. sessilis) being the most abundant and 12 (Gompholobium grandiflorum) infrequent.
t In this column + denotes presen.ce in Cambage's list, allowance being made for alterations in nomenclature
in recent years.
§

Petrophile pulchella

1923 for P.
Species

sessilis

marked

and

and Olearia

nernstii

do not occur in the locaUty and apparently were misdeterminations

0. viscidula respectively.

* are

not native to the Eucalyptus woodland, but are introductions from elsewhere.

in

BY NOLA

J.

HANNON AND

0.

D.

EVANS.

53

The lichen Cladonia occurs very extensively over the ridge surfaces and is the
It extends onto the
pioneer stabilizing the shallow remnants of soil in these areas.
edges of the hollow areas where it occurs mixed with the moss. The moss is confined
to some of the hollows and is thickest in the centre of the larger hollows.
It is regrettable that such a long interval has elapsed since 1923 without any
record of observations of this area. It is the only area known to the authors where

hollows.

natural regeneration has proceeded on Hawkesbury Sandstone without the addition of
unwanted refuse material and the consequent establishment of weed species due to
improved soil fertility levels. The most striking feature of the vegetative cover is its

such an inhospitable environment, especially on the elevated
Apart from direct mechanical influence on root penetration,
nutrient and water supply must frequently be critical. Physical and chemical factors
of the environment would be slightly improved in the hollows which are areas of
accumulation. Table 2 indicates that of the 100 species that have colonized the area,
53 species occur only in the hollows. A considerable number of dead plants, especially
of PetropMle, has been noted, particularly on the ridges. In the absence of other obvious
explanations, it appears that drought has caused their death.
However, dead plants
form only a very small proportion of the total cover which, in view of its habitat, is
of interest both for the extent to which the area has been colonized and also for the
establish

ability to

stone-covered

in

areas.

diversity of the species involved.
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EXPLANATION OF PLATES
Plate
Fig.

1.

—An

aerial

Eucalyptus woodland.

III-IV.

iii.

view showing most of the denuded area at Tanderra and the adjoining
Marker pegs at A and B are blocks of 8 feet length and 8" width placed

600 feet apart.
Fig. 2.
The denuded area showing the alternating stone-covered, elevated belts and the
lower areas where soil material has accumulated.
A typical specimen of Eucalyptus on the
denuded area is shown in the foreground. The adjacent woodland and the fence are in the

—

background.

—

Fig. 3.
The contrast between the ridge and hollow areas shown in Fig. 2. This hollow
bare of moss cover and has been colonized by only few angiosperms. The large shrub in
the left foreground is Daviesia corytniosa.
is

Plate

iv.

—A view of the denuded area 1923. Reprinted from Cambage (1923) with the
permission of the Royal Society of New South Wales.
Fig.
—The denuded area 1962 taken from the same position as Fig. Part of the
the background of both photographs.
shown
surrounding woodland
—A general view of a ridge area.
Fig.
—The cover a hollow area, including moss, grass, shrubs and the trunk of a
Fig.
Pig.

in

4.

4.

in

5.

in

is

6.

7.

in

Casuarina
eucalypt.
Stone-covered
distinguished.
and the left foreground.
small

and Helichrysum diosmifolium (in flower) can be
areas free of moss cover are shown in the background

littoralis

ridge
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ECOLOGICAL NOTES ON THE "WESTERN DESERT" AREA OF THE
NORTHERN TERRITORY.
By

G.

M. Chippendale, Animal Industry Branch, Northern Territory Administration,
Alice Springs.
(Plates v-vi; one Text-figure.)

[Read 24th

April, 1963.]

Synopsis.

Observations on the vegetation of an extensive area of semi-arid country in the Northern
Territory are made, with a brief historical review of exploration, climate and physiography.
Notes are given on plants and plant associations as they occur in particular habitats. Notes
are also given on regeneration after fire, and on the fodder preferences of some herbivorous
feral animals.

Introduction.

The area

Northern Territory west of 132 degrees longitude and extending
from the South Australian border to about Hooker Creek is mostly regarded as "desert",
or on some maps as "semi-desert". Very little of this area has been visited except by
the early exploration parties, and the area covered by Ernest Giles is the part best
represented by specimens in herbaria.
During six separate trips during the period 1956 to 1959, specimens have been
collected and notes made by the present author concerning the vegetation in this area.
Tracks of these journeys are shown in Figure 1.
in the

Historical.

and 1873-4 crossed the area, and during his travels recorded in
his diary (Giles, 1875) that he had been through ".
the usual kind of country, that
is to say, partly casuarina-sandhills and triodia, and partly scrubs.", as well as country
.".
which was ".
very scrubby and a perfect desert
W. C. Gosse was in much the same area in 1873, and he referred (Gosse, 1873) to
".
miles of spinifex and oak sandhills", "sandhills running in all directions, covered
with oaks, mallee and spinifex".
Gosse also refers to "well-grassed mulga flats" and
".
great quandang trees".
In 1873, P. E. Warburton went west from Alice Springs, mainly between latitudes
20 degrees south and 22 degrees south, and his descriptions of the country include
".
.", ".
spinifex, mulga scrub, and casuarina forest
grassy scrub, with patches
of salt and cotton bush".
In 1889, W. H. Tietkens followed the MacDonnells and travelled west round Lake
MacDonald, just over the Western Australian border, then south and east, passing
Lake Amadeus, Mt. Olga and Ayer's Rock. Tietkins' (1891) notes of the area include
spinifex and oak sandhills with broad valleys in
many references to miles of ".
quandong, prickly
which were clumps of mulga and kangaroo grass", as well as ".
saltbush, cotton-bush, grass, claypans, mulga".
acacia", and ".
In 1894, the Horn Scientific Expedition also went into the area, and Baldwin
Spencer's (1896) narrative of the trip frequently refers to days of travelling through
E. Giles in 1872

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

sand ridge country.

Few

Climate.
accurate meteorological readings are as yet available for this area, but short-

term records at The Granites and Giles indicate that the average rainfall is about 9"
to 10" per annum, with a slight tendency to heavier falls in summer months, but the
rainfall is no doubt as unreliable as in the settled areas of this arid zone. This rainfall
rises to 15" to 20" at Wave Hill, just north of Hooker Creek.
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Temperatures approximating those of Giles Weather Station would probably occur
a summer maximum of about 102 degrees F. in January, with a winter maximum
of about 62 degrees F. in July; minimum temperatures of 76 degrees in January, and
39 degrees F. (or lower in some areas) in July.
i.e.,

6il»s 1872-4 -....«.

Gosse 1873

-/-/-/-/-/-

Warburton 1873-4Tietkins 1889

Horn Expedition 1894
G.

Chippendale 1956-9

sf**\*"

Fig.

1.

Physiogkaphy.

Sand dunes and sand plains of the Quaternary age,
main features of the Western Desert. From 18i degrees

in part windblown, are the

to about 20i degrees south
generally sand plain, while further south are sand ridges running almost east^est, but in the area between longitude 130| degrees and 132 degrees are small sand

latitude

is
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ridges with no general direction. Prescott (1944) classifies this northern area as desert
sandplain, and the southern area as desert sandhills with some desert loam near the

South Australian border. Coarse-textured, freely drained red soils with a sandy surface
are most common, with some lateritic or gravelly red sands consisting of nodular, red,
The ridges
ferruginous gravel with a deep-weathering profile, on gneiss or schist.
and some of the flat areas are of deep red sand.
Sandstone and quartzite of Palaeozoic and Upper Proterozoic age outcrop in a
number of places, and these vary from the Petermann Range system and the George
Gill Range to the many isolated mountains or hills, with the majority of these latter
forming a disconnected western extension of the MacDonnell Ranges. Possibly, some
minor hard limestones are included here.
Soft limestones of Tertiary age also outcrop, with a shallow calcareous, skeletal
soil, and in such places there is often a shallow water table of less than 20 feet, such
as at Chilla Well.
Salt lakes such as Lake Amadeus, when dry, have a fine white, powdery gypseous
surface with well-formed gypsum crystals below. Claypans of a gypseous nature occupy

much

smaller areas.
Granite outcrops are of a minor nature, the main one being at The Granites.
Ayer's Rock and Mt. Olga are unique monoliths of arkose and coarse conglomerate
respectively.

Small creeks flow seasonally from the Truer Range, Western MacDonnells, George
Range, Petermann Range and some other smaller ranges, but these watercourses
simply flood out into the sand. Other less clearly defined drainage channels occur in
the sandplains, particularly north of the line of Lake Mackay.
These have no actual
bed, but follow paths which are often outlined by certain plant associations.
All of
these watercourses are dry for the greater part of the year.
Gill's

Some

Plant Habitats.
and sand ridge

of the communities, such as sand plains

divided for convenience in field work.
Crocker (1946)
in discussing the vegetation of the Simpson Desert.
1.
2.

3.

4.

areas, are arbitrarily

found the same convenience

Sand plains.
Sand ridge areas.

6.

Claypans.

7.

(a) Ridges.

8.

Coolabah swamps.
Desert loam.

9.

Heavy

(&) Swales.
Watercourses.
(a) River and creek beds.
(5) Fringing areas or flood plains.
Ranges and adjacent valleys.

soil

grasslands.

10.

Limestone areas.

11.

Ironstone gravels.

12.

Parasitic plants.

13.
13.

Burnt areas.

5.

Salt

1.

Sand Plains.
For about 40 miles south from Hooker Creek, extensive sand plains are dominated

lakes.

Vegetation.

by Triodia pungens R.Br. (Plate
Hubbard is common on lateritic

while Plectrachne pungens (R.Br.) C. E.
tall shrubs of Acacia hemignosta
F. Muell., A. stipuligera F. Muell., A. luerssenii Domin, A. ancistrocarpa Maid, et
Blakely and A. hilliana Maiden form a scrub, and sometimes dense thickets on the
sand plain with Eucalyptus drevifolia F. Muell. and E. pruinosa Schau., which become
more noticeable on skeletal soils. Other shrubs and trees are more infrequent, but
include Brachychiton paradoxum Schott., Santalum lanceolatum R.Br., and rarely a
tree of Acacia estrophiolata F. Muell., or a shrub of EremopJiila latroiei F. Muell. with
Cassia glutinosa DC.
Smaller perennials include Halgania solanacea F. Muell.,
Dicrastylis exsuccosa (F. Muell.) Druce, and Scaevola parvifolia F. Muell. ex Benth.,
while herbs include Borreria australiana Specht, Polycarpaea breviflora F. Muell.,

Qomphrena

aff.

hrachystylis

Sm.,

v,

fig.

soils.

1),

Scattered

Trachymene

villosa

(F.

Muell.)

Benth.,

Brunonia
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Sm., Mitrasacme connata R.Br, and an undescribed LevenhooMa.
calostachyus F. Muell, is also prominent.

australis

Ptilotus

Further south for about 20 miles, the sand plains are dissected by east-west
streams, the vegetation being similar, with Keraudrenia integrifoUa Steud., occasionally
Muell., Jacksonia anomala Ewart et Morrison and J. aculeata
Newcastlia spoMotricJia F. Muell., Indigofera georgei E. Pritz., and
Bulingia loxopUylla F. Muell., and rarely Hakea m orris oniana W. V. Fitzg. Eucalyptus
brevifolia with E. pruinosa and E. odontocarpa F. Muell. on skeletal lateritic soils
formed some savannah.

Calytrix longiflora F.

W.

V.

Fitzg.,

Grasses other than the dominant spinifex types are rare, but include some good
Amphipogon caricinus F. Muell., Aristida inaeguiglumis Domin, Eriachne
A few areas, apparently well watered by
obtusa R.Br, and Setaria brownii Herrm.
slight slopes in the sand after summer rains, carry dense herbage sometimes showing
an almost pure stand of Ptilotus macrocephalus (R.Br.) Poir.

local areas of

South of this area to Tanami, the plains are more open with fewer tall trees, but
occasional dense stands of low shrubs are formed by Dodonaea peduncularis Lindl. var.
coriacea Ewart et Davies, Petalostigma quadriloculare F. Muell. var. nigrum Ewart et
Davies, Acacia lycopodifolia A. Cunn. ex Hook., and A. stipuligera.
Other perennials
Crotalaria novae-hollandiae DC, Dicrastylis exsuccosa and Rulingia loxophylla.

are

Grevillea wickJiamii Meissn. is also prominent on truncated lateritic soils and on some
Petalostylis labicheoides R.Br. var. cassioides Benth., Waltheria
sandstone outcrops.
virgata Ewart et Cookson and Gyrostemon sp. (undescribed) occur only in open plains.
Capparis uTnbonata Lindl. is infrequent on red sands and some alluvial soils with
Carissa lanceolata R.Br, and Eremophila latrobei.

Eucalyptus aspera F. Muell. occurs only on sandstone outcrops and Eucalyptus
is only rarely seen in low hills of sandstone or quartzite.

morrisii R. T. Baker

Gleome viseosa L., an ephemeral, is common in open denuded areas with dense
Ptilotus calostachyus is still prominent with Dampiera
stands of Salsola kali L.
candicans F. Muell., Phyllanthus sp., Hybanthus enneaspermus (L. ) F. Muell., Halgania
solanacea and Ptilotus astrolasius F. Muell.

At Tanami, Acacia aneura

F.

Muell.

is

near

its

northern limit, but small groves

are isolated in sandy loam, sometimes associated with laterite.

Over a wide area, sand plains south and south-east of Tanami are often dominated
by Acacia coriacea DC, a small stunted tree in an open savannah, with an occasional
tall Eucalyptus terminalis F. Muell., and some small straggly Hakea macrocarpa A.
Cunn. ex R.Br, and H. intermedia Ewart et Davies. Owenia reticulata F. Muell. forms
Low
prominent small groups of tall trees, often on slight rises in the sand plain.
Acacia translucens A. Cunn., with A. adsurgens Maiden et Blakely, A. luerssenii, A.
ligulata A. Cunn. ex Benth., A. ancistrocarpa, A. dictyophleba F. Muell. and A. stipuligera
are the dominant shrubs.
Eucalyptus pachyphylla F. Muell. is common as a mallee, and E. aspera is less
frequent in lateritic soil, while E. pruinosa and E. odontocarpa reach their southern
Canthium, latifolium F. Muell. ex Benth. is rare in the deep red sands, but its
occurrence is noticeable because its foliage is usually a brighter green than that of
other shrubs.

limit.

Gyrostemon sp. (undescribed) continues in this area, while Dodonaea peduncularis,
Thryptomene maisonneuvii F. Muell. and the parasitic shrub Anthobolus leptomerioides
Some sand plains have as an infrequent
F. Muell. are common on the deep red sands.
straggly tree. Acacia pyrifolia

DC

Triodia pungens and, less frequently, T. basedowii E. Pritz. dominate the grass
storey, and commonly interspersed between tussocks are small perennials Scaevola aff.
aemula, Goodenia azurea F. Muell., Halgania solanacea, Heliotropium tenuifolium R.Br,
and H. ovalifolium Forsk. Cassia notabilis F. Muell. is common on these plains, and
other perennials here include Brachysema chambersii (F. Muell.) F. Muell. ex Benth
areas, often as dense as the Triodia spp., perhaps replacing

which occupies large
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the grass tussock after a fire. Goodenia mueckeana F. Muell. is infrequent as a small,
grey perennial which has been little collected, and the wiry Corynotheca lateriflora
(R.Br.) P. Muell. forms some tangled masses on open spinifex plains.
Southwards from about 21 degrees south latitude the sand plains are smaller. The
Desert Oak Casuarina decaisneana F. Muell. is a tall graceful tree dominating large
areas and this is associated with both Triodia pungens and T. hasedowii. Dense stands
of the immature or juvenile Oaks (Plate v, fig. 2) show a strict habit, differing from
the willowy drooping branch stage of the mature trees.
Plectrachne schinzii Henr.
These plains, despite being intersected by sandridges, have
is common in small areas.
A further addition is Eucalyptus gongylocarpa Blakely
a fairly uniform vegetation.
which forms some dense stands (Plate v, fig. 3) but varies from isolated trees to
formations like savannah woodland with associated spinifex grassland. Far more rarely
are occurrences of Xanthorrhoea thorntonii Tate.

Eremophila longifolia (R.Br.) F. Muell. is common in the shade of Desert Oaks
medium tall shrub, with Cassia eremophila A. Cunn. and G. eremophila var.
platypoda (R.Br.) Benth., Ganthium latifolium and Solatium orhiculatum Dunal.
Common on Desert Oak sand plains are Grevillea juncifolia Hook., Acacia patens F.
Muell., Exocarpus sparteus R.Br., Dodonaea attenuata A. Cunn., Cassia eremophila var.
platypoda, scattered Thryptomene maisonneuvii. Acacia kempeana F. Muell. and
Eremophila latrohei. Isolated trees of Brachy chiton gregorii F. Muell. occur in this
as a

area.

Southward

to

near Lake Amadeus, Grevillea eriostachya Lindl. and Acacia linophylla

and the Quandang Eucarya
acuminata (R.Br.) Sprague et Summerh. is scattered with occasional stands of
Anthobolus leptomerioides, and Acacia estrophiolata.
The mallee Eucalyptus gamoiihylla F. Muell. is extremely dense in small areas,
with its occurrence increasing southwards from Tanami. Often this mallee occurs in
narrow tracts with Triodia pungens and alternates with similarly small bands of
Acacia aneura scrub, which have in association Acacia estrophiolata, A. tetragonophylla
F. Muell., the desert form of Acacia kempeana. Cassia pleurocarpa F. Muell., Acacia
linophylla, Eremophila latrohei, scattered Eucarya acuminata, and Eucalyptus terminalis.
Acacia cuthbertsonii Luehm. occurred in shallow soils associated with rocky outcrops
and also on small rocky creeks. Eucalyptus pachyphylla and an undescribed Eucalyptus sp.
are associated in some areas of sand plain with an occasional small tree of Brachy chiton
gregorii, and the medium shrubs Ganthium lineare E. Pritz. and Acacia patens. Rarely,
small groves of Acacia murrayana F. Muell. ex Benth. are seen. Acacia ligulata and
A. dictyophleha are common, with the former increasing near ridges.
Acacia sp. aff.
notabilis, as yet undescribed, forms some fairly dense stands, but more often occurs
as scattered tall shrubs.
Godonocarpus cotinifolius (Desf.) F. Muell. occurs mostly in
the Triodia association, but an occasional specimen is seen in the Acacia aneura scrub.
Near the Petermann Ranges, sand plains carry vegetation similar to that just
described, but Pittosporum phyllyraeoides DC. is seen more often, though still being
On the sand plains adjacent to the Mann Ranges, Hakea
only an occasional tree.

W.

V. Fitzg. occur on broad, slightly undulating sand plains

multilineata Meissn.
2.

is

seen.

Sand Ridge Areas.

(a) Ridges.

These are mainly south of 21 degrees south latitude and are essentially stable
ridges with certain species robustly adapted to this deeply-piled red sand. Near Lake
Mackay, these long east-west ridges are approximately one mile apart.
Grevillea
stenohotrya F. Muell. was a feature on the tops of these ridges as a
with NeivcastUa spodiotricha the most prominent perennial to 3' or

winneckeana

medium
4'.

shrub,

Triumfetta

F. Muell. was only found on fiattened ridge tops, where Dampiera cinerea
Davies was infrequent. Species which were common on the slopes of ridges were
Acacia dictyophleha, A. stipuligera. Eucalyptus pachyphylla, and occasionally Melaleuca
lasiandra F. Muell.
Acacia ligulata and Thryptomene maisonneuvii were found on

Ewart

et
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and slopes. Towards Lake Amadeus, Doclonaea attenuata A. Cunn. was recorded
on some ridges, with Eucalyjitus gongylocarpa and Eucalyptus sp. (undescribed).
Acacia bynoeana Benth. was common on ridges near the Petermann Ranges as a
Triodia pungens was the main spinifex seen on the ridges (Plate v,
diffuse shrub.
fig. 4), but Triodia basedoicii was dominant on a few scattered ridges.
The smaller erratic-direction ridges south of the Tropic of Capricorn had Eucalyptus
pachyphylla and Grevillea juncifolia on the sides, with a mixture of Acacia kempeana
and some young Casuarina decaisneana. Rarely, a small tree of Brachychiton gregorii
grew on a ridge, while Acacia patens and A. victoriae Benth. occurred on some slopes^
with dense 4' to 5' high stands of Cassia eremophila var. platypoda.
Where the sand ridges devolved to areas of undulating sand covered with Triodia
pungens, Thryptomene maisonneuvii became dense, with a mixture of Eucalyptus
gongylocarpa, scattered Acacia aneura, A. patens and juvenile and mature Brachychiton
crests

gregorii.

Swales.
Plants in the swales do not form separate associations, but are small segments of
other associations with some mingling of the species which have adapted to the ridges.
(&)

Largely the swales are small samples of sandplains.
3.

Watercourses.

River and Creek Beds.
typical herb association is found in all the watercourses between Hooker Creek
and Tanami.
Commonly, Drosera indica L., D. hurmannii Vahl. and Stylidium
florihundum R.Br., with well-grown plants of the fern Cheilanthes tenuifolia (Burm. f.)
Sw., indicate good moisture content in the sands. On the sheltered sides of the watercourses are the small grass Elytrophorus spicatus (Willd.) A. Camus., the sedge Fuirena
ciliaris (L.) Roxb., the soft-leaved Hypericum japonicum Thunb., Jussieua suffruticosa
L., Buchnera linearis R.Br., Ammania multiflora Roxb. and Ammania diandra (F. Muell.)
P. Muell. ex Benth.
Thysanotus chrysanthereus F. Muell, is less common, but Trichodesma zeylanicum (Burm. f.) R.Br, grows well even in the middle of the dry watercourses. Marsilea exarata R.Br., too, is found on banks of some creeks where waterholes
remain. Eucalyptus papuana F. Muell. occurred on the banks and plains of some creeks.
Further south, Eucalyptus camaldulensis Dehnh. is on most creeks as a reasonably
dense border, but occasionally near some waterholes in creeks are some Eucalyptus
microtheca F. Muell. Many herbs grow commonly in the sandy creeks after suitable
rains, and the assemblage of species is quite different from that of the more northerly
creeks, and these include robustly-growing Trichodesma zeylanicum, Stemodia viscosa
Roxb., Evolvulus alsinoides L., Alternanthera nana R.Br., Amaranthus grandiflorus
J. M. Black, Cyperus sp.. Euphorbia sp., Psoralea patens Lindl., Melothria maderaspatana
(L.) Cogn., Pluchea dentex R.Br, ex Benth., Solanum ellipticum R.Br., Cleome viscosa.
Indigofera linifolia Retz., Lotus cruentus Court and Calocephalus platycephalus (F.
Muell.) Benth.
These herbaceous species are often congregated on small islands of
higher sand in the stream bed, but sometimes they grow in sheltered crannies of moist
sand near the bank. Occasionally, some of the annuals are scattered in the main sandy
channel, and the density of these varies with the amount and time of rainfall.
(a)

A

(6) Fringing Areas, or Flood Plains.

The coarse-textured alluvium of creek banks carries a typical plant association,
although the component species may occur in other associations. Near the northern
creeks, prominent herbs are Trichodesma zeylanicum. Euphorbia eremophila A. Cunn.,
Rutidosis helichrysoides DC, Hybanthus enneaspermus var. banksianus Domin, Borreria
brachystema (R.Br, ex Benth.) Valet, with Crotalaria trifoliastrum Willd., Evolvulus
alsinoides var. villosicalyx

v.

Ooststr.

tenuifolia, is infrequently seen in the

and Calotis breviseta Benth. The fern, Cheilanthes
more moist situations. Several species of Goodenia

occur, including Goodenia linifolia, with the ubiquitous Portulaca oleracea L., Salsola
kali and Cleome viscosa, and some common occurrences of Indigofera enneaphylla L.
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Perennial Waltheria indica L. is infrequent but of constant occurrence near watercourses, and Kochia tomentosa (Moq. ) F. Muell. is seen rarely.

Ptychosema trifoliolatum F. Muell., Sebastiana chamelaea (L. ) Muell. Arg., Cassia
concinna Benth. and Cassia absus L. are infrequent. Cyperus pulchellus R.Br, occurs
commonly, and Eulalia fulva (R.Br.) 0. Kuntze is infrequent in small depressions on
More common herbs are Pterigeron oclorus (F. Muell.) Benth.,
the flood plains.
Portulaca filifolia F. Muell., Alternanthera nana and GompTirena hrownii Moq.
Unneapogon planifolius N. T. Burbidge and Eriachne obtusa are common on flood
plains, with Rulingia loxopliylla and Crotalaria novae-hollandiae less frequent. Cenchrus
ciliaris L. occurs on some flood plains and in favoured soakages.
Trianthema pilosa
P. Muell., Fimbristylis sp., Portulaca sp. and Gomphrena broicnii also occur. Corchorus
sidioides was found in a few soakage areas, but also occurred on sand plains.
Ehretia saligna R.Br, is a feature of many flood plains, sometimes as a small tree,
but more often as a dense stand of single-stemmed shrubs 3' to 6' high; Santaluni
lanceolatum is infrequent in a similar habitat.
Clerodendron floribundum R.Br, is
infrequent near the banks of watercourses, as are also Solanum chenopodinum F. Muell.
and Rhagodia nutans R.Br.
In an open formation are well-grown trees of Atalaya
Jiemiglauca (F. Muell.) F. Muell. ex Benth., Ventilago viminalis Hook, and Erythrina
vespertilio Benth. Shrubs are less common, and include Dodonaea lanceolata F. Muell.,
Maytenus cunninghamii (Hook.) Loesen., Carissa lanceolata. Cassia oligophylla F.
Muell. and Eremophila longifolia.

The southern creeks have more of an open mixed woodland formation commonly
with Acacia aneura and Acacia estrophiolata, and infrequent shrubs of Eremophila
longifolia, Cassia eremophila var. platypoda and Rhagodia spinescens R.Br.
The low
shrub Eremophila gilesii F. Muell. is often common on flood plains, and in other areas
grows densely in drainage areas in mulga scrub. Grevillea striata R.Br, is common in
small groves on some creeks, and Eucalyptus terminalis occurs as an occasional tree
on some flood plains.
On the flood plain of King Creek, where there is 2' of sand becoming loamy with
a fine sandy loam at 3', Acacia aneura and Acacia estrophiolata are scattered, with
Cassia eremophila var. platypoda in dense stands, and Acacia tetragonophylla occurring
Traces of the following herbs were seen in an unfavourable
in scattered groups.
season: Helipterum floribundum DC, Myriocephalus stuartii (F. Muell. et Sond.) Benth.,
Blennodia sp., Senecio gregorii F. Muell., Aristida arenaria Gaud, and Salsola kali.
Liow Triodia pungens was seen in small depressions on the flood plain. This flood plain
varied from 50 yards to 440 yards in width.
On Docker Creek, a similar formation was found, with the addition of Pittosporum
phyllyraeoides Acacia victoriae, Santalum. lanceolatum, Eremophila longifolia, rarely
some Stylobasium spathulatum. in small copses, and occasional Grevillea striata and
Small perennials include Scaevola aff. aemula, Sida
Hakea lorea (R.Br.) R.Br.
rhombifolia L. var. incana Benth., Abutilon fraseri (Hook.) Hook, ex Walt, and
Malvastrum spicatum (L.) A. Gray. Other herbs are Heliotropium asperrimum R.Br.,
Trianthema galericulata Melville, Sida platycalyx F. Muell. ex Benth., Portulaca
oleracea, Boerhavia diffusa L., Euphorbia drummondii Boiss., Tribulus terrestris L.,
Ptilotus helipteroides (F. Muell.) F. Muell., several Solanum spp.. Euphorbia eremophila
and Pterocaulon sphacelatum (Lab.) F. Muell.
,

4.

Ranges and Adjacent

Valleys.

Of special interest are the ranges including the Haast Bluff area of the Western
MacDonnell Ranges, the George Gill Range and the Petermann Ranges, in each of
which are areas that contain relict species.

On the southern side of the George Gill Range are gorges at the head of the
issuing watercourses at Bagots Creek, Kathleen Creek, Reedy Creek and King Creek,
In King Creek, the gorge is surrounded by
as well as numerous smaller features.
extremely high cliffs in a canyon formation, and is thus sheltered from the hot sun
for

much

of the day.

Prime

relict species here is

Macrozamia macdonnellii

(P. Muell.
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ex Miq.) A. DC, which is common in the rocky gorge. Hibbertia glaberrima F. Muell.
is perhaps a "lesser" relict species, only found well up the gorge in the most sheltered
positions

among

the large talus.

Typical species found on the rocky floor and on the lower slopes within the gorge
are Dodonaea viscosa (L.) Jacq. var. spatliulata (Sm.) Benth., Rulingia magniflora
F. Muell., Solanuvi orbiculatum, Acacia sp. aff. notabilis. Acacia ligulata and Acacia
sp.

aff.

doratoxylon.

Acacia monticola J. M. Black occurs in rocky soil on slopes in ranges, in rocky
creek beds, and in isolated sandstone outcrops. Eucalyptus papuana is common also,
but extends higher, though scattered, onto the steep slopes. More widespread species
found commonly nearer the mouth of the gorge are Cassia artemisioides Gaud., a low
form of Halgania cyanea Lindl., Petalostylis labicheoides var. cassioides, Acacia tetragonopJiylla and Acacia victoriae. Gastrolobiutn grandiflorum F. Muell. is rare in small
communities with Indigofera basedowii E. Pritz. near the mouth of the gorge.
An
undescribed Juncus sp. is common on sand banks.
In the gorge of Bagots Creek and Kathleen Creek, some other species recorded
(Carr. ) Franco on the slopes, Pandorea doratoxylon J. M. Black
mostly against rock walls, and the perennial herb Helichrysum thomsonii F. Muell,
which only grows from cracks on perpendicular rock faces. Olearia stuartii (F. Muell.)
F. Muell. ex Benth. is also only a rock-face species.
Baeckea polystemona F. Muell.
are Callitris hugelii

and Prostanthera striatiflora F. Muell. are both infrequent on the sides of the rocky
gorge, and these species do not extend into open areas.
Dicrastylis gilesii F. Muell.,
Olearia ferresii (F. Muell.) F. Muell. ex Benth. and Plectranthus aff. parviflorus are
mostly on the lower rocky slopes, sometimes extending onto rocky creek floors. Solanum
petrophilum F. Muell. is infrequent in sandy pockets among rocks on the gorge floor.

On some uneven alluvial deposits within these gorges and in the broad bay at
Reedy Creek are Eucalyptus camaldulensis, Acacia aneura, Atalaya heviiglauca and
Acacia victoriae. with small groves of Grevillea striata, Heterodendrum oleifolium Desf.,
and more rarely Acacia murrayana. Grevillea wickhamii grows on the shallow sandy
soils on rocky ground, and Ficus platypoda A. Cunn. is found near the rock walls.
Acacia farnesiana Willd. is found infrequently near the creek beds. Cassia eremophila
Cassia artemisioides
var. platypoda is found infrequently in some sandy depressions.
and Eremopliila freelingii F. Muell. are found on slopes.

Herbs found mainly on the sandy floor are abundant Datura leichhardtii F. Muell.,
Pterocaulon spliacelatum, Nicotiana gossei Domin, Nicotiana velutina H. M. Wheeler,
Senecio aff. odoratus, Senecio gregorii. Senecio lautus Forst. ex Willd., Zygophyllum.
ammopMlum F. Muell., Angianthus pusilUis Benth., Myriocephalus stuartii, Trachymene
glaucifolia (F. Muell.) Benth., Haloragis odontocarpa F. Muell., Helipterum tietkensii
Some other
F. Muell., rarely Calandrinia eremaea Ewart and Pomax uvibellata Sol.
herbs also occur but were not in condition to be identified. Steviodia viscosa is found
near water or in moist soakages in the valleys. A species of Potamogeton is common
in the pools, and at Reedy Creek in the overflow of the main pool is Polygonum, minus
Huds. Typha angustifolia L. and Phragmites karka (Retz.) Trin. ex Steud. were dense
around these pools, too.
Waterholes in the most sheltered parts of these gorges have the sun on them for
only a brief period each day, varying from a few minutes to at most only one hour or
Some parts receive no direct sunlight.
so, and then only on portions of the waterhole.
These conditions of more or less permanent water, often replenished by seepage
through cracks and down rock faces from rock pools above, provide conditions for
several delicate ferns. Adiantum hispidulum Sw. grows in moist cracks on the perpendicular walls over the main pools. More robustly, at the edge of the pool at Kathleen
Creek is Cyclosorus gongylodes (Schkuhr.) Link. Similar microclimates are found in
various gorges, including Tallaputta (Mt. Palmer) in the Western MacDonnells near
Haast Bluff. Here, a small shaded grotto has masses of Lindsaya ensifolia Sw. on rock
walls, with robust Histiopteris incisa (Thunb.) J.Sm. at the edge of a small, cool pool
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with Adiantum hispidulum again on the walls. The latter is also found in very small
patches in gorges near Central Mt. Wedge.
Nephrolepis cordifolia (L.) Presl is in
gorges adjacent.
More common ferns found in rock pockets in all of these ranges,
but occurring more robustly in these situations, are Cheilanthes tenuifolia, Cheilanthes
lasiopJiylla Pic.-Ser., and Pleurosorus rutifolius (R.Br.) Fee, with Cheilanthes vellea
P. Muell. less common.
The floristics at Ayer's Rock, Mt. Olga, Western MacDonnells and Stuart Bluff
Range are similar to those mentioned for the George Gill Range. Eremophila goodwinii
F. Muell. and Gienfugosia gossypioides (R.Br.) Hochr. were perennials recorded near
Mt. Liebig, but these would be found in all of the range areas. Anguillaria dioica R.Br,
is found in one dense mass in shade of Acacia aff. doratoxylon near a small watercourse

(R.Br.)

at Mt. Olga.
5.

Salt Lakes.

The main surface of these lakes is devoid of vegetation (Plate vi, fig. 5), but the
edges have a typical plant association.
At Lake Mackay, Scaevola collaris F. Muell.
was abundant at the lake edge, with Arthrocnemum halocnemoides Nees, Plagianthus
sp. aff. spicatus, Bassia luehmannii F. Muell. and Aizoon zygophylloides F. Muell.
occurring commonly, forming a fairly dense dwarf shrub community.
Copses of
Melaleuca glomerata F. Muell. were common but scattered.
Atriplex elachophylla
F. Muell. was present commonly, and Gasuarina decaisneana and Triodia pungens
association grew to the edge of the saline area, and merge back into parallel sand ridge
formation.

At Lake Amadeus, a closer examination of the association was made. This lake
has, in dry times, a white, powdery saline surface about ^ inch thick, with sand, silty
clay and gypseous crystals at 2' depth (Jackson and Wright, 1960).
Deep red sands

come

to

about 40 yards from the lake surface, mainly with steep sand ridges overlooking

the lake.

Plagianthus glomeratus (Hook.) Benth. and Pachycornia tenuis (Benth.) J. M.
Black act as colonizers into the saline lake surface, and sand builds up round the
individual plants.
Frankenia cordata J. M. Black, too, is dominant as a colonizer,
particularly where red sand has blown onto the lake.
Arthrocnevium halocnemoides
Nees var. pergranulatum J. M. Black increases just back from these pioneer plants,
then gives way or mingles with Atriplex vesicaria Heward ex Benth. and Bassia hirchii
(F. Muell.) F. Muell. in the sandier soil.

Species common on the gypseous sands were Plagianthus glomeratus, Arthrocnemum
Tialocnemoides var. pergranulatum, Pachycornia tenuis, Bassia luehmannii, Zygophyllum

compressum

J.

M. Black;

Tnacdonnellii F. Muell. var.

and Atriplex vesicaria was infrequent here.
was common in these sands.

Eremophila

At the

far edge of the gypseous sands, Melaleuca glomerata is in dense narrow
separating the deeper sands from the saline sands, though not forming a
continuous border, and in places the roots are exposed around the lake edge.
Other
species near the edge of these sands are Chenopodium nitrariaceum (F. Muell.) F. Muell.
ex Benth. and Hakea leucoptera R.Br., with a few isolated trees of Pittosporum
phyllyraeoides
Several shrubs of Godonocarpus cotinifolius were seen on islands in the
lake.
Some dry specimens of the annual Myriocephalus stuartii were seen here.

stands,

.

On the sandy slopes are Eucalyptus gamophylla, Dodonaea attenuata, Scaevola
spinescens R.Br., Gassia eremophila var. platypoda, Ghenopodium nitrariaceum, Eucarya
acuminata, with Helichrysum ambiguum Turcz. var. paucisetum J. M. Black at the
is common here, often as dense, windblown stands
and also occurring on small sandy peninsulas which jut
onto the lake.
Triodia pungens dominates the lower storey.
Gasuarina decaisneana
was common in "gullies" leading down to the lake and several trees of Eucalyptus
gongylocarpa and isolated Eucarya acuminata occurred within about 100 yards of the
lake edge. Occasional dense stands of Acacia tetragonophylla were seen on these sloping
sands also, yet such stands were not seen on ridges away from the lake.

edge of the sands.

Acacia ligulata

of an even height, about

8',
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is:

the edge of saline lake surface

f

^^^

vi,

shrubs
fig.

6)

J
'
I

Blown sands on edge

Climax

Frankenia cordata

of lake surface

Arthrocnemum

Gypseous sands on shore of lake

haloc-

nemoides var.
pergranulatum
Bassia luehmannii

Vegetation
(Plate

Plagianthus
glomeratus
Pachycornia tenuis

vi, fig. 7)

Subshrubs

i

Bassia Urchii
Zygophyllum com-

pressum
Atriplex
vesicaria

Shrubs

Chenopodiutn
nitrariaceum

Hakea

Edge

of gypseous sands

leucoptera

Melaleuca glomerata

Sand plain and sand ridge associations
6.

Glaypans.

Near Lake Mackay there were small, clayey depressions between sand ridges, and
a notable record here was Tecticornia cinerea (F. Muell.) Hook. f. et Jackson.
Near Lake Amadeus, several claypans were seen. One was about one mile long,
and was devoid

A

almost circular "pan" was of gypseous
aphylla R.Br. (Plate vi, fig. 8).
This is the
plant referred to by Warburton (1875), Gosse (1873), and Tietkens (1891) and others
as "cotton-bush", although Dr. Hooker, quoted by Warburton (1875), was understandably incorrect in considering this common name as "probably Gossypium sturtii".
of

vegetation.

calcareous clay, dominated by

smaller,

KocMa

A

few small, isolated trees of Acacia tetr'agonopTiylla occurred in the claypan, and there
were some small copses of Acacia aneura round the edge of the claypan.
7.

Coolabah Siva'mps.

Scattered areas of periodically flooded ground dominated by E^lcalyptus microtheca
were seen, but no detailed notes were made in these areas.
8.

Desert Loams.

minor association might well be
only in small pockets, north of Mt. Doreen, and
carries a low savannah with Ehretia saligna and Carissa lanceolata being common,
Erythrina vespertilio and Yentilago viminalis infrequent, with lower infrequent shrubs
Notoxylinon australe (Benth.) Lewton and Cassia oligophylla. Other trees or shrubs
Perhaps an unsatisfactorj'

a light-textured, brown

soil.

classification, for this

It

is
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this habitat were Eucalyptus terminalis or Eucalyptus dichromopliloia
Santalum lanceolatum and Acacia coriacea DC. A number of these species
on flood plains.
in

9.

Heavy

A

F.

Muell.,

also occur

Soil Grassland.

few small outliers

of mixed Mitchell and Flinders grass associations are seen,
with Iseilema vaginiflorum Domin and Astrehla pectinata (Lindl.) F. Muell. ex Benth.
dominating, with associated herbs including Commelina ensifolia R.Br., the erect form
of Boerhavia diffusa, Indigofera sp., Phyllanthus sp., Abutilon oxycarpum (F. Muell.)
F. Muell. ex Benth., Aristida latifolia

Domin and Sida

flbulifera Lindl.

Calcareous Areas.
These are small areas of shallow, calcareous, skeletal soils. Melaleuca lasiandra
dominates these formations, with Hakea intermedia, Cassia oligophylla, Corchorus
sidioides, Stylobasium spathulatum, EremopMla longifolia. Cassia ereniophila, Eucalyptus dichromophloia and Clerodendron floribundum also present. Grevillea wickhamii
is well grown in these areas especially when the limestone rocks outcrop.
10.

11.

Ironstone Gravels.

These residual soils occur in a wide area near Tanami, mainly as part of the
sand plain, and are dominated by Triodia pungens and Plectrachne pungens with small,
scattered trees of Eucalyptus brevifolia, Eucalyptus odontocarpa, various Acacia spp.,
including Acacia minutifolia F. Muell. and with an understorey of perennials and
annuals including Solanum diversiflorum F. Muell., Dicrastylis exsuccosa, Dampiera
candicans. Ptilotus exaltatus Nees ab. Esenb., Ptilotus astrolasius. Cassia curvistyla
J. M. Black, Sida aff. flbulifera, Abutilon macrum F. Muell., Pterigeron liatroides
(Turcz.) Benth., Bassia glabra F. Muell., Bassia cornishiana F. Muell. and Cassia
pruinosa F. Muell.
12.

Parasitic Plants.

Mistletoe species were common along creek banks and on flood plains, and also
some areas of Acacia aneura; but these parasites were scarce or did not occur
away from watercourses or drainage areas. At a point about 18 miles north of Lake
Amadeus, and also at about 11 miles west of King Creek, notes were made that no
mistletoe had been observed for some miles, and that birds were also noticeably scarce
in

at these places.

Species collected were: Lysiana exocarpi (Behr. ex Schlecht.) Tiegh.

on Eucarya acuminata;

Lysiana exocarpi var. on Ficus platypoda and Acacia

spp.;

gibberula (Tate) Danser on Grevillea loickliamii and G. striata; Amyema
preissii (Miq.) Tiegh. on Eucalyptus gamophylla, Acacia ligulata, A. victoriae; Amyema
miquelii (Lehm. ex Miq.) Tiegh. on Eucalyptus gamophylla, E. pachyphylla, E.

Amyema

gongylocarpa; Amyema Mlliana (Blakely) Danser on Acacia estropliiolata;
maidenii (Blakely) Danser on Acacia aneura, A. tetragonophylla.
13.

Diplatia

Burnt Areas.

East of The Granites, a burnt area of Triodia pungens was dominated by pioneering,
perennial herbs which are able to shoot from underground, such as Dicrastylis exsuccosa,
Bonamia rosea (F. Muell.) Hall, f., Bonamia media (R.Br.) Hall, f., Rulingia loxophylla,
Commersonia melanopetala F. Muell., Keraudrenia integrifolia, Halgania solanacea,
Heliotropium paniculatum, Ipomoea costata F. Muell. ex Benth. and the perennial

W. Hartley and Amphipogon caricinus.
Near Lake Mackay, a burnt area of Triodia pungens had Dicrastylis exsuccosa,
Corchorus sidioides, Halgania solanacea, Sida cardiophylla F. Muell., Sida aff. petrophila.
Cassia pleurocarpa, Cassia curvistyla, and the annual Cleome viscosa.
In the Glen Edith area, fire had been in an area of Triodia pungens and Casuarina
decaisneana, and a great quantity of seedlings of the Casuarina were seen. Brachysema
chambersii is dense in such areas, and Eremophila longifolia was regenerating well
in the shelter of the Casuarina. Ptilotus obovatus and Cassia eremophila had resisted
the fire, and Calandrinia balonensis Lindl. was responding well.
Here, the fire had

grasses Eriachne helmsii (Domin)

....
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not spread to the sand ridges, nor into the small scrub of Acacia aneura with some
isolated young Acacia estrophiolata in it.

A few miles south of Lake Amadeus, an older burnt area showed excellent
regeneration of Grevillea juncifolia, Casuarina decaisneana, isolated Acacia kempeana,
Acacia ligulata and regrowth of Acacia aneura. Codonocarpus cotinifoUus occurred in
dense clumps, with a few low HaJcea intermedia specimens. Several miles further south,
regrowth and new plants of Thryptomene maisonneuvii were common in an older burnt
area, while Gyrostemon sp. was rare.
Further south, and to the east of the Armstrong River, an area of burnt Triodia
basedowii among irregular sandhills had regrowth of Dicrastylis exsuccosa, Goodenia
mueckeana, Exocarpus sparteus, Bassia quinquecuspis (F. Muell.) F. Muell., EremopMla
willsii, Rulingia loxophylla, Brachysema chambersii, Cassia pleurocarpa, Corchorus
sidioides, Scaevola parvifolia, and new growth of Triodia basedowii.

Effect of Animals.
There is little effect of kangaroos in this area, and although euros severely graze
some species on hills, they only appear to select specimens near their well-defined pads.
This, however,

is

The following

only a random observation.
table shows the observed preferences of some feral animals in the

area:

Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia
Acacia

Euros.

Brumbies.

Camels.

XX

XXX

XXX

aneura (adult)
aneura (young)

NE

XXX
XXX
XX

ligulata
sp. afF. doratoxylon
sp. afT. notabilis

linophylla

—
—
—
—
—
—

.

tetragonophylla
estrophiolata

murrayana
victoriae

Cassia artemisioides
Cassia desolata var. involucrata
Cassia eremophila var. platypoda

X
XXX

XXX

Cheilanthes lasiophylla

NE

Canthium

XX

latifolium

NE

Callitris glauca

X

Dodonaea lanceolata
Dodonaea attenua'a
Eremophila freelingii

—

.

XXX
X
X

—
—

.

—
—
X
—
NE
—
—
—
XXX
—
—
—
—
NE
—
—
X
—

NE

NE
NE
NE

—
—

Eremophila duttonii
Eremophila latrobei
Eremophila gilesii
Eremophila longifolia
Eucalyptus gamophylla
Enchylaena tomentosa
Eucarya acuminata
Ficus pla'ypoda
Grevillea wickhamii

NE

XXX
X

—
—
NE
—

Cassia eremophila

Chenopodium nitrariaceum

X
NE

XXX
XX
XX

kempeana

Cassia desolata

—
—
—
—

—
—
—
—

—
—
—
—
X
—
—
—

XX
XXX

X

NE

XXX
XXXX

XXX
NE
NE

Jasminum calcareum

NE

Keraudrenia integrifolia
Kochia sp. afF. spongiocarpa
Pittosporum phyllyraeoides

XX

XXXX

Ptilotus obovaf.us

XXX

Rhagodia spinescens
Santalum lanceolatum

XXX

XXX

XXXX
XX

Scaevola spinescens

Triodia basedowii

XXXX,

NE, not

NE

.

heavily grazed
grazed.

;

XXX,

well grazed

;

XX,

lightly grazed

;

X, rarely grazed
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Discussion.

Although no complete list of plants was made, the observations show that over
the whole desei-t area the plant families Gramineae and Leguminosae are dominant,
Chenopodiaceae was recorded sufficiently to
with Myrtaceae almost as important.
show that after rains this family would be more prominent. Compositae, too, with a
number of ephemerals, would be more prominent in a good season. Amaranthaceae

was well represented with smaller species, while Proteaceae provided a number of
common shrub species. The genera Eremophila and Dodonaea also were important.
Despite fires, droughts and native animals, this vast desert area is adequately
covered with vegetation, and is probably less arid than the Simpson Desert. Succession
after fires is similar in both Triodia communities, with the perennial-rooted species of

Keraudrenia, Rulingia, Corchorus, Triumfetta, and some Sida spp. quickly
regrowing, with the Triodia shooting again soon afterwards. With suitable rains, and
in the absence of large numbers of grazing animals, the shrubs regrow and produce new
seedlings in clumps as an aftermath of fires.

Dicrastylis

,

Although there are similarities with the vegetation of the Simpson Desert (Crocker,
from the pastoral viewpoint is that the Western Desert
area does not have as many edible trees or shrubs. Only small pockets of reasonable
grazing country are possible in this whole area, for the sand ridge country may prove
too difficult to manage, with the good feed limited to small swales.
Some patches of
Acacia aneura would provide good grazing and shelter, but generally are too scattered
to be of much economic value.
Extremely good management and some knowledge of
results of animal husbandry experiments being carried out at present on similar
country would seem to be two requisites for even moderate success in this area.
1946), one significant difference
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EXPLANATION OP PLATES
Plate

V-VI.

V.

— Sandplain, 44 miles south-west of Hooker Creek, dominated by Triodia pv.ngens,
with Acacia ancistrocarpa and A. stipuUgera.
Pig.
—Dense stand of Casuarina decaisneana. mainly immature, with Triodia basedowii,
10 miles north of Lake Amadeus.
Pig.
Triodia pungens association, 17 miles
—Grove of Eucalyptus gongylocarpa,
north of Lake Amadeus.
Pig.
— Sandridge, 25 miles north of Lake Amadeus, showing mainly Triodia ptmgens.
Pig-.

1.

2.

in

3.

4.

Acacia ligulata and young Casuarina decaisneana.
Plate

vi.

— Surface of Lake Amadeus.
—Edge of Lake Amadeus, showing Plagianthus glonieratus, Pachycornia tenuis,
and Pranhenia cordata.
Pig.
—Gypseous sands around Lake Amadeus, showing Arthrocnemum halocnemoides
Pig.
Pig.

5.

6.

7.

pergranulatum, Bassia birchii, B. luehmannii, with Hakea leucoptera further back, and
Casuarina decaisneana on a ridge on skyline.
Pig. 8.
Swamp of Kochia aphylla, 5 miles north of Lake Amadeus.
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ON THE DENSITY AND DISTRIBUTION OF NEWLY-ESTABLISHED NYMPHS OF
CARDIASPINA ALBITEXTURA (PSYLLIDAE) AT TIMES OF HIGH ABUNDANCE.
By

L. R.

Clark, Division of Entomology, C.S.I.R.O., Canberra.
[Read 24th

April, 1963.]

Synopsis.

Counts of the numbers of hatched eggs and established first instar nymphs of Cardiaspina
albitextura on heavily-infested shoots of Eitcalyptus ilakelyi indicate that the number of
sites at which nymphs can establish themselves even temporarily is limited to a greater or
The nymphs which colonize favourable feeding sites obtain
lesser extent on all leaves.
possession of the available food supply.
It appears that, under conditions of high population density, the females of C. albitextura
distribute their eggs in accordance with the favourableness of shoots for nymphal establishment although the number of eggs laid tends to be excessive for the number of feeding sites
available, particularly on the more favourable shoots.

Introduction.

This paper is the fourth in a series describing a study of the abundance of
Cardiaspina albitextura Taylor, a test-forming psyllid which lives on the leaves of
Eucalyptus blakelyi Maiden in south-eastern Australia.
During the past 12 years
extensive outbreaks of this psyllid have occurred in many areas, including the Australian
Capital Territory (A.C.T. ), and the host plant has suffered severe damage.
The observations described below were made early in January, 1957, using the
foliage of a single tree situated in an area of psyllid outbreak near Canberra, A.C.T.
(A5, see Clark, 1962).
Their purpose was to obtain information on the numbers and
distribution of newly-hatched nymphs which succeed in establishing themselves, under
favourable weather and foliage conditions, at times of very high psyllid abundance.
Previous work (Clark, 1962) suggests that the food of C. albitextura is obtained
both from phloem and from the sheathing parenchyma around the vascular bundles of
leaves.
The food supply is reached by pushing the stylets through stomatal apertures.
These seem to be uniform in size, and occur at a rate that probably exceeds 50 per
square millimetre of leaf surface on all E. blakelyi foliage. Unlike nymphs, the adult
psyllids do not cause any apparent leaf damage; nor do they obviously "pollute" leaf
surfaces.
It appears that the clear
(C. albitextura does not produce honeydew.
globules excreted by adults soon harden into "waxy" pellets which do not normally
adhere to leaves.)
However, field experiments (Clark, 1963a) indicated that shoots
occupied temporarily by numerous adult psyllids were less favourable to later adults of
the same generation than previously unoccupied shoots. It was also found that, after
the removal of eggs, foliage which had been occupied by numerous adult psyllids
"was much less attractive for oviposition than previously unoccupied foliage.
It is
likely that the reduction in foliage attractiveness and favourableness was due to
reduction in the favourableness of the available food supply.

Early in December, 1956, very large numbers of adult psyllids accumulated on the
and laid an extremely high number of eggs. An inspection of
the foliage within 12 feet of ground level, made on December 15 at the end of the twoweek oviposition period, indicated that eggs were present on every shoot, and that
about two-thirds of the shoots had been laid upon very heavily. In a random sample
tree selected for study

of 22 shoots, the
i.e.,

it

is

mean number

of eggs per shoot

was

2,109

±

693

(95%

fiducial limits),

When

such high numbers of eggs are produced,
possible that the psyllid food supply in some shoots is reduced considerably for

approximately 400 eggs per

at least

two months

leaf.

(see Clark, 1963a).
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nymphs

of cardiaspina albitextura,

Procedure.
Unlike the foliage of many trees in the immediate vicinity, the vast majority of
leaves on the study tree had suffered little or no damage by nymphs of the previous
All shoots vv^ere of approximately the same age (12-13 months),
psyllid generation.
and api)eared to be healthy and vigorous. Leaf size tended to be uniform "within"
shoots, but differed considerably betvi^een shoots.

Late in December, 21 shoots were selected for study, 11 with high numbers of
eggs and 10 with moderate numbers.
Each lot of shoots was similar with respect to
previous damage by nymphs.
Between 35 and 40 per cent of the leaves in each lot
were undamaged; nearly 60 per cent were slightly damaged; and the remainder had
of their tissue destroyed by nymphs of the previous generation.
Shortly before hatching began, four shoots with high numbers of eggs and four shoots
with moderate numbers were enclosed in small white organdie bags (12" x 6") to exclude

more than one-tenth

possible predators and to prevent immigration from other shoots.

Early on the mornings of January 8 and 9, after nearly all eggs had hatched, the
shoots were collected, placed in clean organdie bags, and taken to the laboratory in a
cool container. The leaves were weighed within an hour of collection and, before they
lost sufficient moisture to cause nymphs to leave their tests, a count was made of
the visible remains of hatched eggs, live and dead nymphs, and empty tests, using

had

low-powered binocular microscopes.
All occupied and unoccupied tests were counted
as established nymphs.
On unenclosed shoots, none of the eggs, dead nymphs, or

empty tests showed any signs of predation, e.g., tears and holes.
As it is usual for 20-50 per cent of the eggs of C albitextura to fragment and disappear from foliage within a week of hatching (except for part of the egg stalk which is
embedded in leaf tissue and concealed from view), it is probable that, on all shoots,
the original numbers of hatched eggs were considerably higher than the numbers
counted.
The latter, however, provide a reliable indication of the manner in which
the original numbers differed.
Results.
(a) Distribution of Established
(i)

On

individual leaves.

Nymphs.
On all leaves,

the tests of established

nymphs covered

than half of the available surface area. Usually the nymphs were some distance
On some leaves,
apart from one another, but their distribution differed greatly.
established nymphs were aggregated in one or more places; on others, they were
spaced fairly evenly over both leaf surfaces. Only in one way did the distribution of
nymphs show any consistency. There was a tendency for numbers to be relatively low
on one side of a leaf where they were high on the other side. This suggests that
there was a limit to the number of nymphs which could colonize any part of a leaf,
determined by some factor other than amount of unoccupied space, e.g., food availability.
(ii) Between shoots.
Table 1 gives the details of the counts made on the study
shoots.
Both for enclosed and unenclosed shoots there was an obvious association
between total number of established nymphs per shoot and total number of hatched
eggs.
For unenclosed shoots, the regression of mean number of nymphs per leaf per
shoot on mean number of hatched eggs per leaf per shoot was significant at the -001 level
(t = 8-025, «o.ooi = 4-437).
(iii) Within shoots.
In general, nymphs were much more evenly distributed than
This was due partly to migration from the leaves on which most hatching
eggs.
occurred. The data for enclosed shoots B, D and H indicate that many nymphs migrated
from such leaves and settled on others. Unenclosed shoots 5, 8, 10 and 12 also provide
evidence of leaf to leaf migration. It is probable that, on unenclosed shoots, migration
from shoot to shoot also occurred because, even under conditions of very low psyllid
abundance, some nymphs migrate from one shoot to another before settling (Clark,

less

1962).

On some shoots there was
nymphs per leaf. Table 2 shows,

a

distinct

similarity

in

for unenclosed shoots, the

the number of
mean number of

established

established

by

l.

r.

clakk.
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1.

Nymphs

per Leaf on the Study Shoots (Order of Leaves per Shoot
Terminal),

A.

B.

Nymplis.

Nymphs.

Eggs.

151
30
709
143
58
514

307
104
84
313
71
423
170

40
391
573
304

1636

1472

1308

31

529

883

E.

53*

11

1

5

1418

1093

346

3

4

4

18

34
23

101
208

27

184

473
485
473
324

1526
1386
451

711
952
728

1755

103
12

27

3363

2391

1000

Egg s.

213
97
6
7

60*

30
66
160
338

8

345
10

1184

654

Nymphs.

Eggs.

Nymphs.

16
64*

74

54

11

38
28
142

81

38
44
74
94
57
54

34

418
421
243
318

1400

Nymphs.

754
401
142
27

294
328
167
89

92
496

8

208
223
271
452
140
176

42
109
279
293

114
88
87
121
166
127
157

1642

1470

1324

878

1312

860

784
557
293

10.

9.

57

821

Nymphs. Eggs.

1

Unenclosed Shoots with Moderate Egg Numbers.

(d)

8.

509

Unenclosed Shoots with High Egg Numbers.

858

4323

337

9

278

Nymphs. Eggs. Nymphs. Eggs. Nymphs. Eggs. Nymphs. Eggs. Nymphs. Eggs.

2256
912
1155

19

32
132
36
42
46
149
72

2

29

615

481

Nymphs.

Eggs.

93
67
111
92
101
151

141

38
56

128

Nymphs.

Eggs.

40
67

178

(c)

Eggs.

1263

H.

G.

29

45*

297

ot
175
109
349
173
141
316

29

Nymphs.

Eggs.

Of
123

100
76
110

190
1009
184

269
306
303
162

F.

Nymphs.

Nymphs.

Eggs.

Enclosed Shoots with Moderate Egg Numbers.

(b)

Eggs.

D.

C.

Nymphs.

Eggs.

169
200
160

663
55
165

Eggs,

.

Nymphs. Eggs

35

35
17

62

38
14

.

Nymphs. Eggs.
140

43
189

83
91
162
80

245

416

146

14
6

12.

11.

13

5
1

13.

Nymphs. Eggs.
79
10
31
19
53

16

192

74

6

19
33

Nymphs.
42
26
38
44
36

21
7
1

257

Basal-

Enclosed Shoots with High Egg Numbers.

(a)

Eggs.

:

361

Moderately damaged leaves.
Leaf died and dried out.

103

147

186

.
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OF CAKDIASPINA ALBITEXTUKA,

nymphs on

leaves with more nymphs than hatched eggs in relation to the mean number
on leaves with fewer nymphs than hatched eggs. The data suggest that, within shoots^
leaves tended to be of similar favourableness for nymphal establishment.

Although nymphal numbers were frequently of the same order within shoots, there
were considerable differences between the numbers established on leaves with fewer
eggs than nymphs, on many of which some or all nymphs were immigrants. Table 3
shows, for the seven enclosed and unenclosed shoots which had at least one leaf with
Table

2.

Mean Number

of Established Nymphs per Leaf for Leaves with More
than Hatched Eggs in Relation to Mean Number for Leaves with Fewer

Nymphs
Nymphs

than Hatched Eggs {Unenclosed Shoots, Moderately Damaged Leaves Omitted).

Mean Number

1

2
4
5
6
7

8
9

10
11

12

mean

Significance of

Leaves with

Fewer Nymphs

than Eggs.

than Eggs,

324*
728*

477
832
338*

85
370
256
128
122
60
70
19
112
28

3

One such

Nymphs

On

On Leaves with
More Nymphs

Shoot No.

*

of

difference

331
234
311
124
38*
41

16
80*
79*

:

<

= 1- 739

«(,.,0

= 1 -796).

leaf only.

no eggs, one leaf with between one and 25 eggs, and one leaf with between 26 and 50
eggs, that the mean number of established nymphs was lowest for leaves with no eggs
and highest for the leaves with most eggs. The trend in mean nymphal numbers, and
the fact that the difference between leaves with no eggs and leaves with 26-50 eggs
was consistent, suggest that leaves which received no eggs tended to be less favourable
A trend similar to that in Table 3 was
for nymphal establishment than the others.
obtained when the data for all shoots were pooled and all leaves with more nymphs
than eggs were included.
Table

3.

Mean Number

of Established Nymphs per Leaf for Leaves Without Hatched Eggs and for
Leaves with Either 1-25 Hatched Eggs or 26-50 Hatched Eggs and More Established Nymphs

than Eggs (for the Seven Shoots with Leaves of Each Category

Leaves with

No
Mean number

of eggs

Mean number

of

nymphs

.

Eggs.

—D, G,

H,

3,

9,

11 and 13).

Leaves with
1-25 Eggs.

Leaves with
26-50 Eggs.

10

32

92

140

61

(b) Differences in the Favourableness of Shoots.

Table

4

shows, for shoots which had at least two leaves with more hatched eggs

number

of established

nymphs

than nymphs, that values of the ratio

(an index to

number

of hatched eggs

percentage establishment) were inversely related to egg numbers.
This relationship,
together with the fact that the numbers of nymphs involved were frequently of the
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same order within shoots but different between shoots, suggests firstly that the leaves
concerned had a limited capacity for nymphal establishment, and secondly that their
capacity differed from shoot to shoot.
is provided by Table 5 which gives, for each group of shoots,
percentages of tests with live nymphs, tests with dead nymphs, and empty
Because each live nymph represents a favourable feeding site and each dead
tests.
nymph or empty test an unfavourable feeding site, the table also shows the mean
percentages of favourable and unfavourable feeding sites in the total numbers colonized.

Further information

the

mean

Table

4.

The Relationship between Number of Matched Eggs and Values of

Number

of Established

the Ratio

Nymphs

Number of Hatched Eggs
Number of Hatched Eggs was either Greater than or Equal to the Number
Nymphs {Omitting Moderately Damaged Leaves and Leaves which Died).

for Leaves on which the

Established

Unenclosed Shoots.

Enclosed Shoots.
Ratio

Shoot.
1

5

6

7

9

10

of

Ratio

Eggs.

Values.

Shoot.

912
1155
2256

0-53
0-41
0-21

A

1386
1526

0-69
0-47

345
821

0-70
0-51

293
557
784

0-92
0-40
0-27

401
754

0-82
0-39

279
293
496

0-46
0-54
0-18

57
74

0-77
0-51

35
62

0-49
0-23

Eggs.

Values.

165
663

0-97
0-25

143
151
514
709

0-50
0-69
0-33
0-44

304
391
573

100

D

184
1009

0-59
0-17

F

40
67

0-95
0-84

101
141
208

1-00
0-66
0-73

C

G

0-69
0-53

None of the differences in mean percentage of tests with live nymphs is significant.
In other words, the mean percentage of feeding sites favourable for nymphal establishment was similar for all groups of shoots although the total number of sites colonized

—

shoots were able to accommodate large numbers of nymphs as
successfully as others were able to accommodate small numbers. The shoots on which
very high numbers of eggs were laid in December had a greater capacity for the
differed greatly.

Some

subsequent establishment of nymphs than shoots which received relatively few eggs.

The data of Table 6 indicate that, although leaf size may have contributed, it was
not the principal determinant of the number of feeding sites on the foliage.
It is
suggested that differences in the capacity of shoots were determined partly by
differences in leaf size, partly by other host plant variables limiting the psyllid food
supply, and possibly also by the extent to which the food supply was affected by adult
psyllids of the previous generation (see Introduction).
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Occurrence of Excessive Numbers of Eggs.
For enclosed shoots with high and moderate egg numbers the mean values of the
total

number

nymphs

of established

are 0-81 and

ratio

number

1-35,

The

respectively.

corres-

hatched eggs
ponding mean ratios for unenclosed shoots are 0-74 and 1-57.
In both cases the
It appears that the fraction of nymphs which
difference between means is significant.
succeeded in establishing themselves on shoots with high egg numbers was lower than
that on shoots with moderate egg numbers, although the former had a higher capacity
At least on the more favourable shoots, the number of
for nymphal establishment.
eggs laid was excessive for the number of feeding sites available.
total

of

Table

Mean

5.

Percentages of Tests Containing Live or

Dead Nymphs and

of

Empty

Mean Percentage

of Tests

With Dead
Nymphs.

With Live
Nymphs.

With high numbers of

Tests.

Empty.

eggs

Enclosed
shoots

With moderate numbers of eggs
With high numbers of eggs

82

With moderate numbers of eggs

75

Unenclosed
shoots

The tendency of C. albitextura females to place excessively high numbers of eggs
on the most favourable shoots available is probably due to the fact that such shoots
are not only attractive initially for oviposition but later become increasingly so in
proportion to the number of eggs laid on them (Clark, 1963a). Attractiveness increases
as eggs accumulate, but capacity for nymphal establishment cannot increase accordingly.

Mean Number

Table 6.
Nymphs per Leaf in

of Established

Relation to

Mean Leaf

Weight for Unenclosed Shoots.

Shoot No.

(a)

(6)

Mean Number of
Nymphs per Leaf.

Mean Leaf
Weight

797
104
131
37
439
350
220
60
123
38
245
57
18

2

11
3

13
1

4
6
9
7

12
5

8
10

For the regression of

(n)

on

(b)

(gm.).

1-33
1-25
1-00
0-90
0-75
0-75
0-75
0-75
0-71
0-70
0-67
0-58

0-56

:

t==1-973 «o .„6

= 2-201).

Discussion and CoNca^usiONS.

The

results indicate that, at a time of very high psyllid abundance, the

number

of

newly-hatched nymphs which survived the establishment period was determined by the
number of favourable feeding sites present.
In some leaves, the food supply appeared to be restricted to discrete zones; in
others, the distribution of food in greater or lesser quantity may have been almost
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In both cases, sufficient food for survival could be obtained only from a
Possibly these sites provided the only access to adequate
of sites.

number

quantities of food; or, alternatively, they

may have been advantageous

feeding positions,

the occupation of which greatly limited the supply of food available in the immediate

However the favourableness of these sites was determined, the
occupied them obtained possession of the food supply.

vicinity.

nymphs which

It seems that, during the two-week period of reproduction of C albitextura adults
December, the females distributed their eggs approximately in accordance with the
At the beginning of the
capacity of shoots for subsequent nymphal establishment.
reproductive period, the favourableness of shoots to G. albitextura probably differed
The
substantially because of differences in leaf size and other host plant variables.
adult psyllids, particularly females, which appear to have greater food requirements
than males (Clark, 1963b), may have greatly reduced the favourableness of some shoots.
Others, however, e.g. shoots which received 3,000-7,000 eggs (as did about one-fifth
of those collected on December 15 (see Introduction)), remained favourable, although
they must have been visited hundreds of times by female psyllids (see Clark, 1963a.,
1963b).
For such shoots to have remained favourable, the visiting adult psyllids
could not have greatly affected the food supply available subsequently to nymphs.

in

Either the food supply in such shoots was replenished soon after feeding, or the
It is not unlikely that, in
of feeding that occurred thereon was limited.
addition to attracting further oviposition, the presence of an increasingly large number
of eggs tended to prevfc..+ feeding by female psyllids.

amount
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Attachment Steuctures and their Interrelationships.
y StTSAN G. Hamilton and B. A. Barlow, Department of Botany,
II.

University of Queensland.

(Four Text-figures.)
[Read 29th May,

1963.]

Synopsis.
43 species of Australian Loranthaceae are described, and
root parasite haustoria, (ii) aerial attachments with runners, or (iii) aerial

The attachment structures of
classified as

(i)

Several subtypes are recognizable in these groups.
without runners.
The
of attachment types conforms with the proposed taxonomic treatment of the
The root parasitic condition is
Australian forms, except in the largest genus, Amyema.
Possession of runners is primitive in
primitive and ancestral, and the aerial habit is derived.
aerial types, and specialization has involved the suppression of runners, enlargement of the
primary attachment, and development of spreading internal haustorial strands.

attachments
distribution

Introduction.

One

of the features of the family Loranthaceae

is the structure of the haustorial
attachments, and their evolution, presumably from a f ree-livin? terrestrial state, allows
much speculation. It should be possible, however, to obtain some idea of the biological
history of the hemiparasitic habit from a broad survey of attachment types, considered
in conjunction with floral morphology and taxonomic arrangement. Most investigations
of attachment structure have been limited to one or a few highly specialized forms,

suflficient basis for comparative treatment, but Thoday (1961) has considered the attachments of 50 species in 21 genera of subfamily Loranthoideae, and
concluded that they bear little relationship to the generally accepted taxonomic treat-

and thus lack

ment of Danser (1933).
To extend this approach, a general survey of attachment types in the Australian
species has been made. The Australian members are suitable for this type of investigation because among them is a variety of types with regard to external morphology,
including some highly advanced ones and some of the most primitive aerial forms, and
These species therefore
two apparently relic terrestrial root parasitic types.
provide a less random sample of the family than that available to Thoday (1961), a
need which he recognized.
also

Classification of

Attachment Types.

In the aerial forms the seed germinates where

it

is

deposited on the host branch,

and the seedling makes an absorbing contact through the haustorium which apparently
replaces the primary root.
The haustorium expands and becomes woody, and may
follow one of several courses of development. In their monograph of the Loranthaceae,
Engler and Krause (1935) recognized six aerial attachment types, and grouped root
parasite haustoria as a seventh.
Some of these are based on one or a few well-known
European forms and are distinguished by characters which elsewhere occur within one
species or group of related species (see below), so that the treatment is not uniform in
its ranking of types. Gill and Hawksworth (1961) attempted to define types of haustorial
growth, rather than attachment structure, and distinguished three types, viz., (1) intracortical strands, which grow in the cortical region of the host, but which may become
exposed, (2) the sinker, which forms a close union with the host xylem, and (3) the
This treatment is of little use in classifying
runner, which produces new haustoria.
attachment types, as one plant may exhibit any two of these features, and a combination
of all three is possible.
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Blakely (1922a) examined the attachments of a number of Australian species, and
recognized three types, viz., (1) the "ball-like union", where the haustorium is a wedgelike sinker, (2) the "fusiform" union, where the "radicle" (haustorium) divides and

and which always produces "adventitious roots" (runners), and
While the present study has shown that Blakely did not
recognize some attachment types which are represented among the Australian species,
and that the recognition of several subtypes is possible, this arrangement serves as a
suitable basis for the classification of attachment types. The material examined may be
grows through the
(3)

host,

root parasite haustoria.

classified as follows:
1. Terrestrial root parasites.
Attachment to the host is by collar-like structures
which develop laterally from the parasite roots, encircle the host roots, and produce
haustoria from the inner surfaces (see below).
2. Aerial parasites.
Attachment
normal roots are completely lacking.

(a)

to the host

stems

is

due entirely to haustoria, and

Forms which normally produce runners. The runners are external outgrowths
from the primary haustorium, and grow longitudinally on the outside of the host,
attaching at intervals by means of lateral secondary haustoria (Fig. 1&). A plant

with an extensive system of runners may appear vine-like in habit.
Attachments with flanging haustoria. After the haustorial tissue penetrates the
cortex and reaches the wood, it continues to grow tangentially around the wood,
and may completely encircle the host. Flanges may grow in both directions around
the wood, and usually do not eliminate the host cambium, so that they are
eventually overlaid by later formed wood.
Successive layers of flanges may be
produced as new wood is laid down (Fig. 2e).
The flanges are composed of
numerous thin strands, which give a fibrous texture. Frequently the host wood
is discoloured in advance of the growing flange, which indicates that penetration
is aided by enzymatic breakdown of host tissue.
Externally the development of
the flanges causes a localized band of swelling around the host stem, and eventual
splitting of the bark (Fig. 2a).
(ii) Attachments with sinker haustoria.
The haustorium, on reaching the host wood,
expands and makes a close xylem connection with it. The haustorium, or sinker,
usually eliminates the host cambium in the area of contact, and grows with the
host, so that it becomes a block-like or wedge-like mass of tissue of more or less
uniform texture. Externally the swelling of the host is confined to the side of
attachment (Fig. Ic).
(i)

(ft)

Forms without

external

haustorium, which
(i)

(ii)

runners.

may become

Attachment

is

due entirely

to

the

primary

large and complex.

Attachments which are ball-like, lacking spreading internal strands. The primary
sinker forms a close connection with the host wood, and grows with the expanding
host tissues, forming a more or less spherical structure (Fig. 3a). The margin
of the attachment may become convoluted, and secondary sinkers may make new
contacts with the host wood (Fig. 3c).
Haustorial strands develop from
Attachments which develop cortical strands.
the primary sinker and extend longitudinally in the cortex or phloem of the
Aerial shoots also
host, sending down peg-like secondary sinkers at intervals.
develop from the cortical strands and emerge through the host bark (Figs 4a, ft).
The strands are slender and relatively numerous. This form of attachment is
similar to that of Yiscunn album (Thoday, 1956), and has not previously been
reported in Australia.

(iii)

The primary sinker develops
same way as it does in ball-like attachments, but internal strands are
produced which grow longitudinally in the host, against the wood, and may
extend for up to a metre. Usually they eliminate the host cambium and are not
overlaid by wood. Along the length of the strand new aerial shoots are produced
which emerge through the host bark, and with increase in girth the strands

Attachments which develop longitudinal strands.
in the

—
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own bark where exposed
This attachment type is similar to that of Loranthus europaeus
(Thoday, 1961), and was not recognized by Blakely (1922a)The number of
strands Is usually only two or three.
generally burst the host covering and develop their
(Fig.

is

Si).

Attachment Structures.
The information which is available on the attachments of Australian Loranthaceae
summarized below for each species, with the genera set out according to the classifica-

tion proposed in Part

I

of this series

(Barlow, 1962).

Reference

made

is

to the reports

on several species which have been examined previously.
Subfamily Loranthoideae.
Tribe Nuytsieae.

NuYTSiA (one species, Australian).
N. flo7'ibunda. This is a terrestrial root parasite, on several hosts, which becomes
a moderately sized tree. The underground system has been shown by Herbert (1919)
to consist of long rhizomes which spread a few inches below the ground surface and
produce roots which bear the haustoria. The haustoria encircle the host root to form
a collar from which several wedge-shaped sinkers enter the host tissues (Fig. la).

—

c.
b,
Haustoriogen encircling- host root, x 1-6.
Text-fig. 1.
a, Nuytsia florihunda.
Amylotheca dictyophleba on Cinnamomum campiiora. h, runner, x 0-4 c, T.S. host and runner,
showing- sinker haustorium, x 1-2. d, Lysiana linearifolia on Eremophila ^nitchelKi. Attachment.
e, attachment, x 0-4
e, f, Lysiana exocarpi on Casuarina glauca.
X 0-4.
f, T.S. liost, sliowing
;

;

ball-like attachment, nat.

size.

Tribe Lorantheae.
Subtribe Gaiadendrinae.

Atkinsonia (one

species, Australian).

a low, terrestrial, root parasitic shrub with several hosts. The root
system consists of a few primary roots, which bear short-lived laterals producing
The haustorium becomes disk-like on contact
haustoria (Menzies and McKee, 1959).
with a host root, and spreads around it, but does not usually produce a complete collar.
A single sinker enters the host from the centre of the disk, and penetrates to the
xylem, although it may produce flanges in the outer tissues.
A. ligustrina

is
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Subtribe Elyteanthinae.

Amylotheca (about

50 species, 7 in Australia).

—

on Melaleuca nervosa. Norman River, N.Q.). The plants
produce long, slender runners. The haustoria have a distinct, collar-like ridge of tissue
just above the point of contact with the host. The haustorium has a single block-like
sinker which penetrates directly to the host wood, eliminating the host cambium in the
area of contact, and grows with the host.
Lismore, N.S.W.;
A. dictyophleba (Hamilton 100, on Mallotus pliilippine^isis
Hamilton 101, on Beilschmedia obtusifolia. Lismore, N.S.W.; Hamilton 102, on
Apliananthe philippinensis, Lismore, N.S.W.; Hamilton 104, on Celtis sinensis, University
of Queensland; Hamilton 106, on Pittosporum sp.. University of Queensland; Barlow 236,
on Cinnamonuim camphora, Pimpana Creek, Q.). All plants produced long, slender
runners, and haustoria like those of A. hrittenii, with distinct collar-like ridges (Fig. 16).
Blakely (1922o) described the union of A. dictyopnieha as "fusiform", but in a^I materials
examined the sinker was block-like, and penetrated directly to the host wood, eliminating
A. brittenii

(Barlow

315,

.

—

the

cambium

in the area of contact

(Fig. Ic).

Amylotheca sp. (Barlow 123, on Grevillea chrysodendron. near Ingham, N.Q.;
Barlow 151, on Casuarina littoralis. near Ingham, N,Q.). These specimens have been
described by Thoday (1961), and show runners with simple sinker haustoria similar to
those of A. brittenii and A. dictyophleba.

—

—Blakely

(1922«) described the union of A. biangulata as "fusiform",
produces flanges. Flanges have not been observed in the other
species of Amylotheca. although Blakely also described A. dictyophleba as having a
"fusiform" attachment.
The presence of runners has been reported for this species
A. biangulata.

which implies that

it

(Blakely, 1922a).

Lysiana (four species, Australian).
(Hamilton 6, on Casuarina cristata. near Warwick, Q.;
Hamilton 12, on Heterodendrum diversifolium Gladfield, Q.; Hamilton 30, on Casuarina
Barlow 231, on
glauca. Deception Bay, Q.; Barlow 158, on Ceriops tagol, Mackay, Q.
Geijera parviflora, Oakey, Q.; Barlow 244, on Acacia excelsa, Charleville, Q.; Barlow
L.

exocarpi

(sensu lata)

,

;

—

Several forms, including three distinct species,
247, on Casuarina glauca. Gladstone, Q.).
are currently included under L. exocarpi (Barlow, unpublished data), but the haustorial
attachments of all forms are probably similar. The attachment structures of L. exocarpi

on several hosts have been described by Brittlebank (1908), and partly confirmed by
the present investigation. No runners are developed, and the primary attachment may
reach 8 cm. in diameter. Most of this enlargement is due to growth in the parasite,
and little extra growth appears to be stimulated in the host, so that the parasite expands
into a saddle-shaped structure over the host wood (Fig. le), with the margin sometimes strongly convoluted.
The haustorium has a broad wedge-shaped sinker, which
does not produce distinct secondary sinkers or longitudinal strands (Fig. 1/).
Brittlebank (1908) observed that on young branches of Casuarina stricta {G.
guadrivalvis) L. exocarpi produced haustoria which penetrated to the pith or right
through to the other side of the host, and produced flanges which grew along the
annual rings and medullary rays. This behaviour is probably due to the early age and
internal structure of the host (cf. Thoday, 1961).
The
L. linearifolia (Barlow 240, 245, on Eremopliila mitchellii, Charleville, Q. ).
attachment structure is similar to L. exocarpi. On some unions the margins are strongly
convoluted and giA^e the appearance of suppressed runners (Fig. Id).
L. murrayi (Hamilton 72, on Acacia aneura, Cheepie, Q.).
The union is ball-like
(cf. Blakely, 1922a) and similar in structure to those of L. exocarpi and L. lifiearifolia.
,

—

—

Subtribe Loeanthinae.
Muellerina (seven species, 4 in Australia).
M. celastroides (Hamilton 15, on Casuarina torulosa, Cunningham's Gap, Q.;
Hamilton 34, on Casuarina torulosa, Mt. Nebo, Q. Barlow 196, on Banksia integrifolia.
;

.

.
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—

Fingal, N.S.W.). McLuckie (1923) described the attachment of M. celastroides on
Banksia latifolia, and reported the presence of runners. He showed that the haustoria
produce flanges which encircle the wood tangentially, and that several successive layers
Thoday (1961) described an attachment on
of flanges are subsequently produced.
Casuarina littoralis (C suberosa) as being a wood-rose type with no evidence of runners.
Blakely (1922o) noted that runners were produced, and that the attachments were
"fusiform", but described a ball-like attachment on Plantanus orientalis.

The material examined in the present investigation constantly showed long runners,
which grow either upwards or downwards on the host branches and produce many
The haustoria show several layers of flanges, and confirm
secondary haustoria.
McLuckie's observation (Figs 2a, h). Presumably the attachments examined by Thoday
on Casuarina littoralis and Blakely on Plantanus orientalis were abnormal or the
mistletoe was incorrectly identified.
McLuckie

(1923),

however,

went

on

to

describe

"lateral

outgrowths"

which

"penetrate obliquely through the cortex and tap other xylem tissues of the host" and

from which develop leafy

aerial branches and runners.
These observations have not
been verified in the present study on Queensland material, but in the closely related
M. eucalyptoides one small aerial shoot without runners was observed as an outgrowth
from a flange (see M. eucalyptoides)

M. eucalyptoides (Hamilton 36, on Eucalyptus acmenioides, Binna Burra, Q.;
Hamilton 43, on Eucalyptus microcorys, Mt. Glorious, Q. Hamilton 59, on "Cherry
Plum", Melbourne, Vic; Hamilton 87, on Eucalyptus macrorrhyncha, Kowen, A.C.T.;
Hamilton 88, on Eucalyptus polyanthemos, Kowen, A.C.T. Hamilton 91, on Betula
platypJiylla, Melbourne, Vic; Barlow 256, 258, on Casuarina littoralis, near Wiseman's
Ferry, N.S.W.). This species has long runners (Blakely, 1922a; Coleman, 1949).
Blakely (1922a) described the attachment as "fusiform", and the present study has
shown that the attachment is similar to that of M. celastroides, having several layers of
flanges encircling the wood (Fig. 2e).
The attachment on Betula platypJiylla showed
gross enlargement of the host (Fig. 2/), which may be attributable to the deciduous
nature of the host, with the evergreen mistletoe stimulating continued host growth in
the neighbourhood of the attachment.
In the specimen on Eucalyptus acmenioides a small aerial shoot had developed from
a flange, but had not produced any runners.
This condition is apparently rare (cf.
M. celastroides)
In some cases there was only a weak development of runners, and the primary
attachment was considerably enlarged. This condition does not appear to be associated
with any particular host species, or to have a regular pattern of geogi'aphical
;

;

—

distribution.

Mdwillii (Barlow 200, on Callitris sp., near Dalby, Q.; Barlow 263, on Callitris
near Tamworth, N.S.W. ). Blakely (1922a) recorded the presence of runners and
a "fusiform" attachment. In the specimens seen in the present study the runners were
very slender, and apparently break readily between attachments, resulting in separate
One or two flanges are
individuals, sometimes with enlarged attachments (Fig. 2c).
produced initially, but later growth in the haustorium is block-like, and resembles that
of a simple sinker (Fig. 2d).
WI.

—

sp.,

Dendrophthoe (about

40 species, 6 in Australia).

D. glabrescens (Barlow 239, on Eucalyptus

are present.

The haustoria have simple

sp.,

near Charleville, Q.

).

— Long

runners

block-like sinkers, but occasional short flanges

are produced.

D. vitellina (Hamilton 22, on Callistemon viminalis, Kenmore, Q.; Hamilton 45, 54,
Hamilton 52, on Diospyros virginiana,
sieberi, Deception Bay, Q.
Indooroopilly, Q.; Hamilton 55, on Tristaiiia conferta. Deception Bay, Q.; Hamilton 62,

on Melaleuca

;

on Bridelia leiclihardtia. Rosewood, Q.; Hamilton 64, on Bridelia exaltata. Rosewood,
Hamilton 67, on Grevillea robusta. Rosewood, Q.; Hamilton 98, on Exocarpos cupres-

Q.;

—
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Cunningham's Gap, Q.; Hamilton 100, on Acacia cutinmghamii, Taringa, Q.;
on Grevillea chrysodendron, near Cardwell, N.Q.). Blakely (1922a) recorded
the presence of runners and fusiform attachments in D. vitellina, and that the union
Thoday (1961), who
is ball-like on "smooth-barked trees like Angopliora lanceolata".
had described the last specimen cited above, noted a terminal ball-like attachment
with numerous haustorial strands penetrating longitudinally in the host wood. From
siformis,

Barlow

—

124,

Text-fig. 2.
a, b, Muellerina celastroides on Casuarina torulosa.
partially removed to show fibrous flanges, x 0-4
b, T.S. host and
;

a, runner, with host bark
runner, showing flanging

d, Muellerina hidivillii on Callitris sp.
c, primary attachment without
appearing superficially ball-like, x 0-32
d, T.S. host, showing a single
flange, x 0-32.
e, on Eucalyptus acmenioides, T.S. host through
e, f, Muellerina eucalyptoides.
old attachment with several flanges, x 0-4
platyphylla, showing unusual host
f, on Betula
growth at a secondary haustorium, x 0-4.
g-i, Dendrophthoe vitellina on Melaleuca sieberi.
h, primary attachg, runner, showing convoluted host development around haustoria, x 0-4
ment without runners, x 0-4 i, T.S. host and runner, showing sinker haustorium with slight
flange-like spread against the wood, x 0-48.
j, Benthamina alyxifolia on Syniplocus thwaitesii.
T.S. host and runner, showing a flange and later block-like development of haustorium, x 0-8.
k, Pilostigma ivhitei on Synivia cordieri.
T.S. host and runner, showing flanges, x 0-4.
I,
Pilostignia sanguineimi on Eucalyptus polycarpa. T.S. host and runner, showing a single
flange with many secondary sinkers, x 0-4.

haustorium, x 0-4.
extensive runners,

c,

;

;

;

;

;
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the range of material examined in the present investigation it appears that D. vitellina
usually develops runners, but they may be suppressed, especially on myrtaceous hosts
The margin of the attachment is often strongly convoluted or fluted,
(Fig. 2}i).
particularly on myrtaceous hosts, and often the expansion of haustorial tissue lifts the

runner clear of the host stem between haustoria (Fig. 2g}. On the other hand, in the
attachments on the non-myrtaceous hosts listed above, host expansion has caused the
runners to become embedded. The sinker is generally block-like, but occasional short
In the primary attachment an almost complete flange
flanges are produced (Fig. 2i).
may be produced, with haustorial strands penetrating radially outwards in the rays.
122,

D. liomoplastica (Hamilton 51, on T^-istania suaveolens. Townsville, N.Q.; Barlow
on Tristania suaveolens, Stuart, near Townsville, N.Q.; Barlow 371, on Eucalyptus

—

Bluff Downs, N.Q.). Thoday (1961) has described the attachment structure
from the second specimen. Runners are present or absent in different individuals on
the one host plant, and this appears to be a regular behaviour pattern of Dendroiilithoe
on myrtaceous hosts in Australia (see above). The margins of the attachments are
very convoluted, with intricate interlocking of host and parasite tissues. The sinker is
simple and block-like, giving rise to a ball-like attachment when runners are absent.

shirleyi,

Benthamina (one species, Australian).
alyxifoUa (Hamilton 39, Barlow 92, on Callistemon viminalis, Kenmore, Q.
Hamilton 40, on Melaleuca bracteata, Kenmore, Q.; Hamilton 78, on Syviplocus thtcaitesii,
Mt. Nebo, Q.; Barlow 94, on Guioa hemiglauca, Beechmont, Q.). The presence of
runners and "fusiform" attachments has been recorded by Blakely ( 1922a ). The runners
are long, and the branches are produced regularly at right angles to the runner and
tangential to the host.
The haustoria produce extensive systems of flanges, in 1 to 3
layers, which may branch within the host, or form spirals around the stem. The outer
part of the haustorium may appear block-like, but has the fibrous texture characB.

—

teristic of flanges

(Fig. 2j).

PiLOSTiGMA (two species, Australian).
sanguineum (Barlow 306, on Eucalyptus argillacea, 80m. N. of Julia Creek, N.Q.;
Barlow 309, on Eucalyptus pruinosa, near Normanton, N.Q. Barlow 310, on Eucalyptus
polycarpa, near Normanton, N.Q.; Barlow 374, on Eucalyptus shirleyi, Bluff Downs,
N.Q.).- This species has long runners, which often become embedded in the host.
The
haustoria produce one or two layers of flanges, and haustorial strands may grow out
from these along the medullary rays (Fig. 20- The outer part of the haustorium is
block-like, and more uniform in texture than the fibrous flanges.
P. wJiitei (Barlow 380, on Synima cordieri, near Millaa Millaa, N.Q.). Very long
runners are present, and the plants may extend for considerable distances in the host
crowns. The haustoria produce up to three flanges, which only partly encircle the wood
P.

;

—

—

(Fig. 2k).

Amyema

(a broad and probably unnatural group of over 100 species, as taken
by Danser (1933) there are about 25 species in Australia, forming a natural
;

group.

—

The attach383, on Eucalyptus sp., near Yungaburra, N.Q.).
without runners. The sinker is very broadly wedge-shaped, with the
surface of contact almost flat. There are no external folds at the margin, and secondary
A.

ment

Mjurcatum (Barlow

is ball-like,

sinkers are absent.
A. camhagei (Hamilton 31, on Casuarina glauca, Deception Bay, Q.; Hamilton 92,
on Casuarina cunninghamiana, Cotter R., A.C.T.; Barlow 229, on Casuarina sp., near
Toowoomba, Q. Barlow 382, on Casuarina torulosa, near Yungaburra, N.Q.). Runners
are absent, and the attachments are ball-like, usually with considerable enlargement
of the host tissues.
The margin of the attachment is convoluted in old specimens, and
several secondary sinkers are developed.
A. congener (Hamilton 13, on Acacia decora, Gladfield, Q.; Hamilton 28, on Casuarina
littoralis, Acacia Ridge. Q.; Hamilton 29, 44, on Alphitonia excelsa, Acacia Ridge, Q.;
;

—

—
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32, on Casuarina torulosa, Mt. Nebo, Q.; Hamilton 50, on Casuarina littoralis.
Deception Bay, Q.; Hamilton 65, on Olea europea, Rosewood, Q.; Hamilton 66, on
Hamilton 81, on Jas'ininwni racemosuvi, Rosewood,
Plindersia australis. Rosewood, Q.
Q.; Hamilton 90, on Alphitonia excelsa, Redbank, Q.; Barlow 178, on Acacia melanoxylon,
Caboolture, Q.; Barlow 230, 237, on Geijera parviflora, near Oakey, Q.). Blakely (1922a)
The attachment structure is variable, although
classified the attachment as ball-like.
In the unions on Acacia tnelanoxylon and Flindersia
runners are always absent.
australis the structure was completely ball-like, without spreading haustorial strands.
On Jasminum racemosuvi and Aljihitonia excelsa short longitudinal strands are produced
from the haustorium and extend for a few centimetres against the wood. The host
cambium is apparently eliminated, as they grow with the host and are not usually
The attachments on Casuarina littoralis. Acacia decora, Olea
overlaid by host wood.
europea and Geijera parviflora showed more strongly developed longitudinal strands,
On
several centimetres long, which produced aerial shoots at intervals (Figs 3fir, h).
Casuarina torulosa large strands up to 25 cm. long were produced, with the older parts
exposed at the surface, and with several large aerial shoots. Amyema congener therefore produces attachments which range from ball-like types to those with very strongly
developed longitudinal strands.

Hamilton

;

—

A. conspicuum (Barlow 228, on Alphitonia excelsa, near Gatton, Q. Barlow 318, on
Ficus opposita var. micrantha, Karumba, N.Q.). The attachment is ball-like, without
runners, and has a few large convolutions at the margin.
;

—

A. -ferruginiflorum (Hamilton 18, on Eucalyptus tessellaris, Aratula, Q.; Barlow 290,

on Eucalyptus

Q.; Barlow 373, on Eucalyptus shirleyi, Bluff Downs,
has noted that the attachment of this species is ball-like,
without runners. Large unions reach 10-12 cm. in diameter, with little or no convolution of the margin (Fig. 3fZ). The sinker becomes broadly wedge-shaped.

N.Q.).

setosa.

—Blakely

Normanton,

(1922o)

—

A. gaudichaudii (Barlow 182, on Melaleuca decora, near Inglewood, Q.). Blakely
(1922a) has reported that the attachments are ball-like, without runners, and Thoday
(1961) has described a wood-rose (ball-like) type of attachment with interlocking of

the host and parasite around numerous lobes or secondary sinkers at the margins.
above material conforms with these observations (Figs 3e, /).

The

A. linopliyllum (Hamilton 5, on Casuarina cristata, 25m. W. of Warwick, Q.).
Thoday (1961) described a Western Australian specimen on Banksia grandis under this
name.
The species is otherwise known only a» a parasite on Casuarina, but A.
gibberulum, which has similar foliage, usually grows on members of the Proteaceae.
Thoday described a large, ball-like attachment, with a broadly wedge-shaped sinker,
interlocking with the host at the margins. The specimens cited above, although usually

than 5 cm. in diameter, conformed with this description, being without runners
and convoluted at the margin where the haustorium interlocked with the host. The
host showed considerable enlargement in the older attachments.
A. lucasii (Hamilton 82, on Flindersia maculosa, St. George, Q. ). The specimens
were young plants, without runners.
Longitudinal strands had already developed
from the primary haustoria.
A. m^ackayense (Barlow 248, on Rhizophora mucronata, near Gladstone, Q.). The
attachments were ball-like, without runners, and young ones were similar to Lysiana
exocarpi attachments on mangroves, except that in A. mackayense there was more
proliferation of host tissues.
In older attachments short longitudinal strands were
observed, which occasionally produced aerial shoots.
Barlow 242, 246, on
A. maidenii (Hamilton 71, on Acacia aneura, Cheepie, Q.
less

—

—

;

Acacia aneura, near
singular type

among

Charleville,

Q.).

—The

the species examined.

attachments

As many

of

this

species

represent

a

as ten cortical strands are pro-

duced, growing longitudinally in the phloem of the host for a distance of up to 20 cm.,
and the attachment becomes fusiform in shape. From the cortical strands secondary
sinkers penetrate into the wood, and aerial shoots emerge through the bark (Figs 4«-c).
Runners are absent.

—
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9, on Eucalyptus populnea, 42m. W. of Warwick, Q.
Hamilton
on Eucalyptus tereticornis, Acacia Ridge, Q.; Hamilton 85, on Eucalyptus
polyanthemos, Kowen, A.C.T.; Hamilton 86, on Eucalyptus melliodora, Kowen, A.C.T.;
Barlow 372, on Eucalyptus shirleyi, Bluff Downs, N.Q.). Previous observations by

A. miguelii (Hamilton

;

19,

—

Arnyema.
a-c, A. miquelii on Eucalyptus populnea.
a, young attachment,
T.S. host through old attachment,
through young- attachment, x 0-4
c,
showing secondary sinkers, x 0-4 d, A. ferruf/inifloruin on Eucalyptus setosa. Young attachment, showing host enlargement, x 0-4. e, f, A. gaudichaudii on Melaleuca decora,
e, attachment, showing convoluted margin, x 0-4 f, section through attachment along line indicated in
flg. e, showing numerous secondary sinkers, x 0-4.
g, h, A. congener on Casuarina littoralis.
L.S. host, showing
h;,
g, attachment, showing longitudinal strand partially exposed, x 0-4
longitudinal strand, x 0-4.
i, A.
pendulum on Eucalyptus melliodora. External view and L.S.
host showing attachment with long longitudinal strand, x 0-4.
Text-flg'.

X 0-4

;

b,

T.S.

3.

host

;

;

;

;

Blakely (1922a) and Thoday (1961) have shown the attachment to be ball-like, without
runners, and of the wood rose type. The present observations have shown that attachments reach up to 12 cm. in diameter, due to considerable proliferation of host tissues,
with interlocking of host and parasite at the margins.
In older attachments large
secondary sinkers may be developed (Figs 3a-c).
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—

A. miraculos'iivL (Hamilton 10, on Amyevia miqvelii, near Warwick, Q.).
In southeastern Queensland this species only occurs on other mistletoes, and specimens on other
hosts have not been available for this study. The attachments were externally ball-like
in appearance, without runners.
Internally there was no main sinker, but several
slender ones which were growing in the medullary rays of A. miquelii.

A. pendulum (Hamilton 2, on Eucalyptus melliodora, near Warwick, Q.; Hamilton 3,
on Eucalyptus populnea, near Warwick, Q.; Hamilton 84, on Acacia dealbata, Lee Creek,
A.C.T.; Hamilton 89, on Eucalyptus hemiphloia, Riverview, Q.
Hamilton 93, on
Eucalyptus stuartiana, Kowen, A.C.T.; Barlow 259, on Eucalyptus haemastoma, near
;

—

Blakely (1922a) has recorded ball-like unions, without runners, in
Kerr (1925) described a ball-like attachment on Eucalyptus hemiphloia
"var.
macrocarpa under the name Loranthus pendulus. which formerly included
Loranthus (Amyema) tniquelii, and her description does not make it clear which species
she examined.
The specimens examined by the writers have revealed two types of attachment.
In the New South Wales and Australian Capital Territory material, the attachments
were ball-like, without runners, and showed broad, wedge-shaped sinkers, without
conspicuous interlocking at the margins, or longitudinal strands, and thus conform
with previous descriptions.
In the Queensland specimens extensive longitudinal
strands extended against the wood for up to 30 cm. from the primary haustorium.
They were 1 to 2 cm. thick in the older parts, exposed at the surface, and bearing
large aerial shoots. Bach plant had 1 to 3 of these strands (Fig. 3i). The two attachment types, while appai'ently quite distinct, may be the extremes of a range of variation
similar to that shown by A. congener, and further investigations are necessary.
Glenorie, N.S.W.).
A. pendulum.

A. guandang (Hamilton 25, on Acacia harpophylla, Miles, Q.).—The attachment
has been recorded as ball-like, without runners, by Blakely (1922a). While the attachment appears ball-like externally, it produces numerous secondary sinkers at the
margin, and one longitudinal strand which extends for 3 to 4 cm. against the wood,
produces secondary sinkers, but apparently does not produce aerial shoots.

(Barlow 376, near Wyrema Mine, N.Q. (host not recorded);
on Guioa lasioneura, near Millaa Millaa, N.Q. Barlow 384, near Malanda,
N.Q. (host not recorded)). This species appears to parasitize several hosts in North
Queensland rain-forests. In all specimens examined runners were present, but not very
extensive (Fig. 4(Z). In the first two specimens there is considerable upgrowth of host
tissue around the parasite, and older runners are almost completely embedded in host
In the third specimen the upgrowth of tissue is localized at the haustoria, so
tissue.
that the runners are lifted away from the host stem. The haustoria are narrow, and
more or less block-like in appearance, but have the fibrous appearance characteristic of
attachments which produce flanges.
One or two partial flanges were seen in several
attachments (Fig. 4e). Apparently the basic pattern for this species is haustoria with
partial flanges, but they are not regularly produced at each haustorium.
A. queenslandicum

Barlow

377,

;

—

DipLATiA (two species, Australian).
D. furcata (Barlow 312, on Melaleuca viridifolia, near Normanton, N.Q.; Barlow 331,
on Melaleuca linearifolia, Wallaville, Q. Barlow 332, on Callistemon viminalis, Walla;

—

on Melaleuca bracteata, Macrossan, N.Q. ). Runners are absent.
A thick longitudinal strand is produced while the attachment is very young (Figs if-h),
and may extend for a metre along the host. It quickly becomes exposed and develops
a smooth grey bark. With further growth it expands above the surface of the host,
and produces many aerial shoots (Fig. ig).

ville,

Q.;

Barlow

385,

D. grandibractea (Barlow 234, on Eucalyptus sp., near Dalby, Q. Barlow 330, on
Eucalyptus microtheca, near Normanton, N.Q.; Barlow 375, on Eucalyptus shirleyi, Bluff
Downs, N.Q.). The attachment has been described as ball-like, without runners
(Blakely, 1922a).
Only the specimen on Eucalyptus microtheca conformed with this
description, and it was rather unusual in appearance, with the attachment spreading
;

—

—
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In the other two specimens, and several examined

were produced. They
were exposed at the surface for most of their length, and bore several aerial shoots.
This attachment structure may be the usual one for this species.
in the field, thick longitudinal strands reaching a metre in length

Subfamily Viscoideae.
Tribe Phoeadendeeae.

Koethalsella (about 30

species, 2 in Australia).

K. breviarticulata (Barlow 227, on Heterodendrum diversifolium. Gladfield, Q. ).
There are no runners, and there is no appreciable enlargement of host tissues. The

Amyema

bj L.S. host,
maidenii on Acacia aneura. a, attachment, x 0-4
c, T.S. host 5 cm. from primary attachment, x 0-8.
d, e, Amyema queenslandicum, on Guioa lasioneura.
d, runner, showing convoluted host
expansion, x 0-4
e, T.S. host and runner, showing a short flange and subsequent block-like
development, x 0-4.
young attachment,
f-h, Diplatia furcata on Melaleuca viridiflora.
f,
showing early development of longitudinal strand, x 0-4 g, old attachment, showing raised
longitudinal strand, x 0-4 h, T.S. host and longitudinal strand, x 0-4. i, Notothixos incanus on
Melaleuca bracteata. Attachment, x 0-4. jj Notothixos cornifolius on BrachyctUton populneum,.
T.S. host showing attachment with secondary sinker, x 0-4.
k^ Viscuvi peduncxdatum, on Ficus
obliqua.
L.S. host, showing attachment with secondary sinkers, x 0-4.

Text-fig.

showing

a-c,

4.

cortical strands

and

sinkers, x 0-4

;

;

;

;

;

—
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green, and forms a single flange, which grows around the host

No secondary

wood

This attachment structure
conforms witli that of the Korthalsella species previously examined (Stevenson, 1934).
in

botli

directions.

flanges

are produced.

—

K. opuntia (Hamilton 38, 42, on Eugenia crebrinervis Mt. Glorious, Q.).- The
attachments are identical in structure with those of K. breviarticulata. They do not
show the secondary layers of flanges observed in material from Mauritius (Thoday,
1956), which probably reflects different growth patterns associated with the morphological variability and taxonomic difficulty in this taxon, although the differences may
be due to the ages of the specimens.
,

Tribe Visceae.

NoTOTHixos (about 10 species, 4 in Australia).
N. cornifolius (Hamilton 60, on Br achy chiton populneum, Capertee, N.S.W.). The
attachment is ball-like, without runners. There is little proliferation of host tissue, and
the sinker develops a more or less flat surface of contact with the host (Fig. ij). The
margin of the attachment is usually entire. The haustorial tissue is very pale cream in
colour, and uniform in texture.

—

N. incanus (Hamilton 1, 61, on Wlelaleuca inbyana, near Ipswich, Q.; Hamilton 23,
on Callistemon viviinalis, Kenmore, Q. Hamilton 41, on Melaleuca bracteata, Kenmore,
Q.).
The attachment is ball-like, without runners, and there is often considerable
proliferation of host tissues. The margin of the attachment is usually very convoluted,
and numerous secondary sinkers are produced (Fig. 4i). The haustorial tissue is pale
cream in colour, and sharply demarcated from the host wood.
;

—

N. subaii7'eus

(Hamilton

16,

on Muellerina celastroides, Cunningham's Gap, Q. ).

In the studies of other species, attachments on another mistletoe as host have been
avoided, as the attachments are usually difficult to interpret due to merging of host

N. subauretis, although common, has not been seen other than on
McLuckie (1922) has described the attachment as
ball-like, without runners, and with a smooth margin.
The sinker is simple, with no

and parasite
a

member

tissues.

of the Loranthoideae.

The above specimen conformed with these observations.

secondary sinkers.

ViscuM

(twenty-five species,

4

in Australia).

on Exocarpus cupressiforniis, Cunningham's Gap,
Hamilton 53, on Dendrophthoe
Q.; Hamilton 45, on Amyema congener. Acacia Ridge, Q.
vitelUna, Deception Bay, Q.; Hamilton 57, on Amyema congener, near Barney View, Q.;
Hamilton 63, on Dendrophthoe vitellina. Rosewood, Q. ). The attachments on Exocarpus
were ball-like, without runners, and there was considerable upgrowth of host tissue
around the haustoria. The margins were entire, but prominent secondary sinkers were
present. In the attachments on other Loranthaceae there was usually one deep primary
sinker, and secondary sinkers only in the larger attachments.
V. articulatum

(Hamilton

17,

94,

;

—

V. pedunculatum (Barlow 128, on Ficus obliqua. Ellis Beach, N.Q. (type material) ).
The attachment was about 8 cm. across, without runners. The margins were entire,
with no zone of ruptured bark, but numerous secondary sinkers were present (Fig. 4fc).

V. tohitei
is

only

(Barlow

252,

known on Amyema

on

Amyema

as host.

fe?'ruginiflorum, Wallaville, Q.).

The attachment has an

entire

—This

species

margin and merges

The primary sinker is dissected into several haustorial strands
which penetrate the host wood deeply, and several secondary sinkers are produced later.
with the host wood.

Discussion.

between attachment type and taxonomy.
In most of the species examined, the attachment type has been constant, regardless
of host and locality.
The species which deviate from this pattern are Dendrophthoe
In Dendrophthoe the occasional
spp., Amyema congener and Amyema pendulum.
development of flanges in primary and secondary haustoria may have some phylogenetic
significance (see below), while the occasional failure to produce runners is apparently
(a) Relationship
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It is noteworthy that the
due to a combination of host species and environment.
Dendrophthoe species have wide host ranges, and the ability to parasitize introduced
Amyema congener and Amyema pendulum
species and to survive in built-up areas.
show that the ball-like attachments and attachments with longitudinal strands are
closely related and not constantly distinct, although one or other of these types has
become fixed in most species. Another apparent case of deviation from constancy of
attachment type is in Amylotheca, where Blakely (1922a) recorded "fusiform" attachments. His description implies that this term refers to attachments with flanges. The
absence of flanges in Amylotheca spp. suggests that Blakely classified these forms as
"fusiform" on the basis of external appearance and not internal structure.

which have been investigated or reviewed are
apparent that within each of the smaller genera the
attachment type is constant, so that the occurrence of the attachment type conforms
with the taxonomic treatment, and suggests that the genera recognized may be natural
Only in the larger genus Amyema are several attachment types apparently
groups.
fixed in different species, and this may be related to the wide distribution and diversity

The attachment types
summarized in Table 1.

of the species
It

is

of habitat in the genus.

(&) Evolution of attachment types.

Since attachment types are
suggest a phylogenetic sequence
genera in the taxonomic system.
relationships which allow some

usually constant within genera,

it

may

be possible to

attachment type by considering the positions of the
Danser (1931) has made several statements on generic
generalizations to be made, although the floral and
vegetative morphology of the family is not completely known, so that phylogenetic
relationships are still not fully understood.
It must be borne in mind also that
evolution does not necessarily involve all organs of a species at the one time or at
the one rate.
in

In the subfamily Loranthoideae the terrestrial root parasites Nuytsia and Atkinsonia
are apparently primitive in floral structure (Narayana, 1958; Garg, 1958), and are relic
forms near the limit of distribution of the family. All of the more specialized and

presumably derived forms are aerial parasites, so there can be little doubt that the
primitive condition in the family is one of root parasitism, and that the aerial habit has
been derived from this rather than from a non-parasitic epiphyte (Thoday, 1956). The
occurrence of root parasitism is common in the related and possibly ancestral family
Santalaceae.

Among

the genera of aerial parasites, those with runners appear in general to be

more primitive than those without them.

In the subtribe Elytranthinae the rather
widespread Amylotheca, which has runners, is regarded by Danser (1931) as the most
primitive aerial form, and the Australian Lysiana, which lacks runners, as one of the
most advanced types.
In the subtribe Loranthinae, Muellerina is probably the most
primitive in floral structure and cytological characters (Barlow, unpublished data).
Dendrophthoe and Amyema are probably basic groups, with Benthamina derived from
Dendrophthoe, and Pilostigma and Diplatia derived from Amyema.
Runners have
apparently been retained in Dendrophthoe, Benthamina and Pilostigma. and have been
lost in Amyema and Diplatia.

Within the genus

The only

Amyema

species with runners

New Guinea

species A.

the sequence of attachment types
is

barbellatum

habitats of North Queensland.

queenslandicum, which

A.

(Blakely,

Among

1922&)

and

is

is

is

further illustrated.

closely similar to the

restricted

the Australian species of

Amyema

to

rain-forest

appears to
be the least specialized in inflorescence structure and vegetative characters.
Of the
species without runners the completely ball-like types appear to be more abundant in
the higher rainfall areas, while those with longitudinal strands are slightly favoured by
the more arid environments.
A. maidenii, which has cortical strands, is a common
parasite on the desert species of Acacia.
Attachments with longitudinal strands and
cortical strands may be derived from ball-like ones as an adaptation to dry habitats.
it
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Attachment Types in Australian Loranthaceae.

Genus.

Attachment Type.

Species.

Nuytsia

floribunda

Terrestrial root parasite with girdhng haustoria.

Atkinsonia

ligttstrina

Terrestrial root parasite with incompletely girdling haustoria.

hiangulata

Aerial parasites.

Amylotheca

Runners present.

Haustoria of the sinker type.

brittenii

dictyophleba
sp.

Lysiana

exocarpi
linearifolia

Aerial

Runners

parasites.

strands

I.ongitudinal

absent.

and

secondary

sinkers absent.

murrayi

MueUerina

bidwilUi

Aerial parasites.

Runners present.

Haustoria with several flanges.

Aerial parasites.

Runners present.

Haustoria of the sinker type.

celastroides

mcalyptoides

Dendrophthoe

glabrescens

homoplastica
riteUina

Runners present.

Haustoria with several layers of flanges.

Benthamina

nlyxifolia

Aerial parasite.

Pilostigma

sanguineum

Aerial parasites.

Runners present.

Haustoria with flanges.

bifurcatum

Aerial parasites.

Runners absent.

Attachment ball-Uke or with secondary

cambagei
consptcuum

sinkers.

whitei

Amyema

ferruginiflorum

gaudichaudii

linophyllum
miquelii

miraculosum

Runners absent.

Attachment with

cortical strands.

maidenii

Aerial parasite.

conge-ner

Aerial parasites.

Runners absent.

queenslandicum

Aerial parasite.

Runners present.

furcaia

Aerial parasites.

Runners absent.

Attachments with longitudinal strands.

Aerial parasites.

Runners absent.

Haustorium of

Aerial parasites.

Runners absent.

Attachments with longitudinal strands.

quandang

Diplatia

Haustoria with weakly developed flanges.

grandibractea

Korthalsella

breviarticulafa

a single flange.

opuntia

Xotothixos

cornifolius

incanus

Visnim

articulatum

pcdunculatum
whitei

Attachment baU-like or with secondary

sinkers.

Aerial

parasites.

produced.

Runners

absent.

Well

developed

secondary

sinkers
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That longitudinal strands are an advanced condition is further indicated by their
occurrence in Diplatia, which Danser (1931) regarded as an extreme of specialization
of

Amyema.

The distribution of attachment types among the Australian Loranthaceae thus
suggests that the ancestral condition is one of root parasitism, and that the aerial
habit is derived, attachments with runners being primitive, and those without them
Among the latter forms attachments with cortical or longitudinal strands
advanced.
In the Australian Loranthaceae a phylogenetic
are the more highly specialized.
sequence can thus be recognized which was not evident in the rather random sample
of
(c)

world mistletoes available to Thoday (1961).
Biological history of attacJiinent types.

Consideration of the sequence of modification which has led to the more advanced
attachment types must be largely speculative because of the lack of information on
Furthermore, certain other modifications, such as adaptation of
transitional types.
fruit structure for efficient bird dispersal, must have occurred in conjunction with these
This situation applies particularly to the question of adoption of the aerial
changes.
habit.

—

1.
The ancestral type. Nuytsia differs from Atkinsonia in that it produces long
rhizomes, which spread a few inches below the ground surface, and the roots which
This condition may be a derived one,
bear the haustoria are produced from these.

increasing the absorptive capacity of the underground system, so that Atkinsonia, which

may represent the primitive type. The fruit of Atkinsonia is
drupaceous, a type common in the family Santalaceae, whereas the fruit of Nuytsia is
unique in being dry and tripterous, and provided with a vestigial layer of viscin. The
characters of subtribe Gaiadendrinae, to which Atkinsonia belongs, may therefore be

lacks this character,

the ancestral ones of the family.

Adoption of the aerial habit.

2.

from

—This

may have

change

involved a direct transfer

and germination of seeds on tree
The roots, growing along the branch,

terrestrial to epiphytic growth, following lodging

branches, in a

manner similar

to that of Ficus.

and making liaustorial contact with it, would then appear as runners. Tropical rainforest would be most likely to provide the conditions under which such a change could
occur, and to provide the strongest selection pressure favouring fixation of the new
habit.
Danser (1931), after considering geographical distributions of the genera of
Loranthoideae, concluded that Malaysia is a centre of origin of the group.
PhrygilantMis eugenioides and Helixanthera ligustrina have been described as
growing both terrestrially and as aerial parasites (Hooker, 1890; Macbride, 1937;
Danser, 1938).
This indicates that some species may have the capacity to grow in
both aerial and terrestrial situations, but the reports concerning these two species are
unsubstantiated. It is conceivable that in each case two distinct species may have been
mistaken for one.

An

alternative theory

is

that the aerial habit

was attained through an intermediate,

A

plant with this habit could begin its development in the ground, but
later make contact with a host tree and form haustorial attachments to the branches
from adventitious roots. With the establishment of these connections, the basal part
vine-like type.

of the

plant

may

die,

so

that

communities there are species

it

assumes a completely aerial habit.
In rain-forest
which grow as completely epiphytic

in diverse families

With such a sequence of developan aerial habitat could be attained before the loss of terrestrial
subsequently the primary root became modified into a haustorium, the plant

vines following death of the basal part of the plants.

ment adaptation
growth.

If

to

would then be a completely aerial parasite at

Amyema

all stages.

scandens and Amylotheca pyramidata have been reported by several
authors (cf. Menzies and McKee, 1959) to grow initially in the ground, later attacking
a host and sometimes spreading to the top of the tree. Eventually the older parts of
the plant break down and it "may show no indication that it began life in the ground".
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of a transitoi^y stage in attainment of

aerial habit.

Aerial mistletoes

may have

been derived from one or both of these courses.

either case the primitive aerial type would be expected to have runners, in the

In
first

and in the second case from the
In the species which have been examined anatomically { Struthanthus
quercicola, Heil, 1923; Ileostylus inicranthus Menzies, 1954; Amylotheca clictyophleba,
Hamilton, 1962), the runners appear to have a root anatomy, which may support the
view that the runner system is homologous with a terrestrial root system.
case produced from the root system of the parasite,

vine-like stems.

,

—

3. Evolution of aerial attachments.
The primitive aerial type is therefore one with
long runners and many secondary haustorial attachments.
In the early stages of
development in an aerial environment selection would strongly favour rapid penetration of the host tissues, so that the flanging type of haustorium, which grows quickly
through soft tissues such as the cambium, apparently without making a specialized
connection with the active conducting tissues of the host, is probably the more primitive.
Improvement in the haustorial system would involve the development of a more
efficient connection between the vascular elements in the parasite and those in the
host, and would favour an effective hormonal control to produce a graft-like union
The block-like or wedge-like sinker may thus
between host xylem and haustorium.
The sequence from types with many layers of flanges, such as
be the derived type.
Benthaonina alyxifolia and Muellerina celastroides, to those which produce only a single
flange, with the haustorium subsequently developing as a sinker, such as Pilostigma

sanguineum and Muellerina

bidwillii,

may

therefore

represent a reduction series in

the development of flanges, and a progression to the sinker type.

flanging

reversion to

The incompletely

produced by Dendrophthoe spp. possibly indicate a
the ancestral type, induced by unusual environmental conditions.

haustoria

occasionally

Further advancement in the mode of attachment has apparently involved the
development of more efiicient individual haustoria, and the reduction of the runners.
In particular, with the complete suppression of runners, attachments would be made
solely by the single, highly specialized primary union.
Blakely (1922a) has suggested
that the development of the ball-like union may reflect adaptation to arid conditions,
and this is supported by the nature of plant communities in which ball-like unions are
most common. As a further modification, particularly under arid conditions, the final
stage would be one in which the parasite developed a maximum absorbing contact with
the host by internal strands spreading in the cortex or against the wood, and protected
from drying out by the host bark during their early development.
(rt)

Subfamily Viscoideae.

The attachments of the Australian Viscoideae conform with others in the subfamily
which have been investigated in being highly specialized types. The Viscoideae are
rather distinct floristically from the Loranthoideae, and have been considered by some
authorities to constitute a separate family (e.g., Miers in 1851; Maheshwari, Johri and
Dixit, 1959).
It may be assumed that evolution of attachment types in the subfamily
has been independent of that in the Loranthoideae, and while the lack of primitive
prevents any speculation on evolutionary pathways, it is apparent that the
similarity in attachment structure shown by the advanced members of each subfamily
is due to parallel or convergent evolution induced by the high selection pressures
associated with aerial parasitism.
types

Conclusions.

Attachment structures in Australian Loranthaceae can be grouped into a few
fairly distinct types, and genera are usually constant in attachment type. The distribution of attachment types thus conforms with the taxonomic system, and provides useful
secondary taxonomic characters.
2. The attachment types, when arranged according to the possible phylogeny of the
family, form a sequence which may reflect their evolutionary history.
The terrestrial
1.
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root parasitic condition is primitive, and has given rise to an aerial form with runnersFurther development has involved the suppression of runners and the elaboration of
the primary attachment, forming the ball-like union, and from this type the attachments
with internal haustorial strands have arisen to increase the efficiency of the primary
attachment.
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VARIABLE TETRAD POLLEN IN A8TR0L0MA FROM SOUTHERN AUSTRALIA.
By

S.

Smith-White, Botany Department, University
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Sydney.

19 63.]

Intkoduction.
(Smith-White, 1948a, 1955a, 1959a, b) the occurrence of variable
tetrad (VPT) pollen has been reported and described in fourteen species of five genera
belonging to the tribe Styphelieae of the family Epacridaceae. The general thesis has
been presented that VPT patterns of pollen development, and the genetic systems which
determine them, are derived from an antecedent condition of regular monad pollen
development.
The latter type is characteristic of StypJielia and is common in all the
larger genera of the tribe, and its features demonstrate the presence of an intracellular
polarity or gradient which is probably related to the gradient of differentiation in
embryo sacs (Smith-White, 19556).
Becoming precociously operative during meiosis,
the gradient has led to the establishment of a system of complementary gametic elimination comparable with the Renner effect in Oenothera and to such peculiar cytogenetic
systems as the permanent triploidy of Leucopogon jnniperinus (Smith-White, 1948&,
1955&), and chromosome fragmentation in Astroloma pinifolmm (Smith-White, 1959&.
1962; Smith-White and McCusker, 1960), and to gynodioecism in Lissanthe and in
Leucopogon melaleucoides (McCusker, 1962).
In earlier papers

The VPT

characteristics in Astroloma pinifolinm Benth. and in A. conostephioides
from Victoria and South Australia have been found to differ strikingly from
those reported previously for coastal New South Wales populations of A. 2)i'nifoliuvi.
Data are presented here to illustrate the tetrad type frequency distributions characteristic of these southern regions, and an attempt is made to examine several formal
models of causation. Studies of chromosome behaviour at meiosis are yet incomplete
and will be reported at a later time.
F. Muell.

Six populations of the two species have been studied,

viz.:

Grampians, Western Victoria; Central Gippsland, Eastern Victoria.
A. conostephioides.
Grampians, Victoria; Adelaide District, South Australia; Eyre
Peninsula, Western South Australia; Coorong, South-eastern South Australia.
-4..

pinifolium.

The two species coexist only in the Grampians, but are taxonomically quite distinct
and do not hybridize. A. jJinifolium does not occur in the 300-mile-wide region between
Gippsland and the Grampians, and apparently has not been collected between northern
Gippsland and Jervis Bay in New South Wales. These and other marked disjunctions
suggest that the species has a relic status. The localities of A. conostephioides which
have been studied are also widely separated, and present quite different ecological conditions. Although this species is less markedly disjunct in distribution than the other,
it is also undoubtedly an old species.
The genetic systems of both species must be
considered as stable in relation to their long-term environments.

The Plant Data.
In

VPT

is matured in teti'ads, but some or all of
degenerate soon after meiosis.
Thus five tetrad

pollen development, the pollen

the pollen grains in any tetrad

may

—

classes may be produced nullads, monads, dyads, triads, and full tetrads.
Scorings of the frequencies of these five classes in 58 plants of A. innifoUum and in 69
plants of A. conostephioides are presented in Table 1.* For each set of plant data, at
least three, but sometimes four or five flowers have been examined.

types or

*

Symbols used are

set out in the

appendix

Proceedings of the Linnean Society of

(p.

102).

New SorTH

Wales,

1963, Vol. Ixxxviii, Part

2.
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In order to obtain a uniform distribution of the tetrad types within slides, and
thus minimize a possible major source of within-slide sampling error, the following
procedure was generally adopted for the collection of the data.
The anthers from a
flower bud were teased out in a drop of acid fuchsin dextrin-sorbitol stain
mountant (Smith-White, 1948c) on the slide under a dissecting microscope, care being
taken to remove at least 90% of the pollen. The anther tissue was removed and the
The slide was then inverted
pollen mixed in the drop of mountant with a needle.
single

Table
'

l.

Pollen Tetrad Distributions.

Individual Plant Data.
lA. Astroloma pinifolium. Hall's

Gap and Lake Wartok, Grampians,

Victoria.

Tetrad-type Proportions X 1000.

n

Plant.
''o

»-i

»'2

rs

82
124
104
164
208
216
115

872
815
866
756
742
706
681

3

5

60/251

38
46
23
66
43
70
163

22

20

60/108
58/1003

154
172

226
540

587
286

22
0-4

11

58/1012
58/1005
58/1004
60/101
58/1013
60/105
58/1009
60/111
60/107
60/240
60/253

121
123
122

696
715
719
699
713
733
713
700
724
707
678

182
161
158
156
154
137
143
149
134
143
155

0-4
0-4

58/1010
60/207
60/236
58/1014
60/250
58/1002
58/1011
60/254
58/1016

138
144
168
149
160
182
184
178
166
177
189

741
726

121
130
139
120
127
145
142
128
123
120
124

0-4

222
275
235
274
257
303
558

650
578
668
607
647
594
413

58/1008
58/1021
60/115
60/237
58/1001
60/120

143
133
130
144
151
142

150
167

1

7

2

13

2

5

4

10

0-5

q

Group

''4

7

1

0-7
0-4
1

2

0-3

0-3

16207
15488
2860
2865
1974
3518
3443

0-465
0-453
0-465
0-431
0-430
0-414
0-407

3850
2685

0-377
0-280

2885
2571
1980
3009
3978
2631
2906
3085
3482
3128
3642

0-266
0-260
0-260
0-255
0-255
0-252
0-250
0-249
0-249
0-248
0-246

2852
2056
1862
2543
1800
2637
2959
1967
2776
2937
2318

0-246
0-246
0-243
0-243
0-242
0-241
0-240
0-239
0-239
0-235
0-234

2201
3785
4169
3216
4087
2758
5835

0-227
0-218
0-216
0-212
0-210
0-200
0-119

(a)

(6)

60/205
58/1015
60/119
60/103

60/210
58/1006
60/252
58/1007
60/204

693
730
713
672
675
692
711
703
686

0-5
1

1

0-3
2

0-4
1

128
147
97

118
96
103
28

1

0-2

Except in the collection of the
a sectorial sampling
device by which four sectors each of 22 J ° were scored, one from each quadrant, for each
slide.
Analysis of trial data has shown that the sampling error introduced by this
method is small compared with the variation which occurs between slides (i.e., between
flowers).
Within-slide analyses are not presented and have not normally been made.
In the anther data of Table 2, the whole cover slip area of each slide was traversed.
horizontally on to a cover

slip,

to avoid lateral flow.

sepai'ate anther data given in Table

3,

scorings were

made using
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A cursory inspection of the data given in Table 1 is sufficient to show that there
a wide range of VPT behaviour, that tlie two species are comparable, and that there
The
are no clear differences between the four populations of A. conostephiotdes.
Grampians and Gippsland populations of A. pinifolium, however, appear to be different,
the Gippsland population having a higher mean pollen fertility and containing some
is

plants in which the modal tetrad type categories are the triad and full tetrad classes.

Table
;

(continued).

1

-iB. Astroloma pinifolium, Dutson, Gippsland, Victoria.

;

Tetrad-type Proportions x 1000.
Plant.

;-(

'I

!

i-

fa

Ti

..!,.,

12

55

162

.'.!

2

51

4

41
148

283
245
259

102
110
111
162
166
174
307
471

874
864
844
790
782
776
620
421

;

62/02S
62/012
62/026
62/027

,

43

62/032

62/014
62/031
62/025
62/003
62/029
62/030
62/002
62/008
62/006
62/015
62/050
62/004
62/001

62/005
62/007

15
15
26

i.

35

36
37

:

51

98

115
136
101
150
164
153
177
196

700
677
759
680
698
728
708
682

r-z

183
186
138
170
138
119
114
121

Ic. Astroloma conostephioides.

'3

'4

378
278
487
324

393
386
223
226

2597
2992
3358
3077

0-771
0-748
0-721
0-635

3091
3115
3595
3153
3168
3872
3242
2556

0-471
0-470
0-467
0-448
0-446
0-443
0-405
0-337

2

6

3

8

7

12

5

9

10

6

4

9

15

7

5

5

1-5
0-6
0-8

0-4
0-3
0-8

0-5

0-7
0-6

Lake Wartok, Grampians,

2731
3201

2380
2083
4082
2556
3052
3333

:

0-268
0-263
0-260
0-255
0-244
0-242
0-235
0-232

Victoria.

Tetrad-type Proportions x 1000.

w

Plant.
'o

ri

^2

74

886
771
356
256
242

58/208
58/214
58/201

26
85

58/210
58/205

154
144

132
468
586
610

58/216
58/212
58/119
58/207
58/206

187
140
162
156
137

622
720
683
692
734

187
139
155
152
128

58/204

136
152
157
181
185

747
717
713
668
671

117
130
129
150
143

58/209
58/202
58/130
58/135

51

'3

2

0-3
119

4

1638

0-475
0-430
0-390
0-278
0-277

2

3135
1637
4729
1930
1527

0-260
0-250
0-249
0-249
0-248

1315
1848
1354
2101
4642

0-245
0-245
0-244
0-243
0-240

12
1-5
6

5

2

Q

'4

0-6
0-4
0-6

0-5
1

0-5
1

1285
1621
1281
2182

In both species, in the data of Table 1, it is possible to recognize two main groups
a larger group in which the pollen is mainly monad and the pollen fertility
is of the order of 20-25%, and a smaller group with a modal class of dyads and a pollen
fertility of 40-45%. A third group, rather less well defined, has a very high frequency
of plants

—

of nullads

and a pollen

these groups.

fertility of

10-15%.

A

very few plants are intermediate between
full tetrads, and with pollen

Plants with a modal class of triads and

94
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Table

1

(continued).

Id. Astroloma conostephioides. Waterfall Gully, Athelstone, and Ironbark Ridge, Adelaide
District,

South Australia.

Tetrad-type Proportions x 1000.
Plant.

55/107
55/105
54/26
55/115
58/401

38
85
104
198
88

300
211
231
209
308

642
695
659
479
590

55/123
55/122

150
170
250
189
205

299
353
282
469
551

536
454
466
319
223

144
185
164
185
190

719
638
701
665
683

137
175
135
148
127

202
296
208
226
267

666
497
665
666
592

132
201
127
108
140

254
309
465
610
689

661
587
516
372
276

84
104
19
18
35

55/121
55/117

55/116
54/8

55/119
55/110
55/113
55/120

55/111
55/109
55/102
55/114
55/106
55/103
55/112
55/104
55/101

55/118

IE. Astroloma conostephioides, Elliston District,

9

11

5

4

3

3

52

62

7

7

9

6

16

7

0-5

1-6

19

4

17

4

1

0-4

2

3

3

1

0-4

1872
2456
3622
3185
2843

0-413
0-408
0-392
0-392
0-384

3076
3545
1870
2884
2405

0-355
0-334
0-305
0-295
0-266

3589
2325
2452
3356
2125

0-248
0-245
0-243
0-242
0-234

2529
2139
2942
3146
2032

0-233
0-230
0-230
0-221
0-219

2508
2872
3200
2479
2983

0-208
0-199
139
0-102
0-087

Eyre Peninsula, South Australia.

Tetrad-type Proportions x 1000.
Plant.

58/635
58/631
52/2
58/653
52/1

58/656
58/633
58/630
58/617
58/657
52/3
52/4
58/620

58/606
52/5
58/607
58/611
58/601

41

98
103
42
169
169

261
276
776
677
691

634
617
179
151
139

3-2
3-3

189
296
193
310
204

672
460
665
445
665

139
242
142
239
131

0-2
1-4

0-2

5

0-6

174
222
277
285
289

698
658
625
620
628

128
120
98
94
83

349
407
504

529
544
444

121
49
52

1-6

3

1-3

1-5

1

0-3

0-6

0-2

1

0-4

3442
3669
865
4704
1992

0-389
0-382
0-286
0-247
0-243

5089
2794
3662
3150
3379

0-237
0-237

2427
2821
2423
16653
32511

0-224
0-224
0-205
0-202
198

4017
3581
2572

0-194
0-160
0-137

0-2.37

0-235
0-232
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fertilities of about 70% have been found only in the Gippsland A. pinifoliwtn.
These
plant groups will be referred to subsequently as the "nullad", "monad", "dyad" and
"triad-tetrad" groups, according to their modal tetrad type classes.
The relative frequencies of plants in each of these groups in the several populations
is not reflected in the data of Table 1, since plants of the dyad and triad-tetrad groups

Table
If.

(continued).

1

Astroloma conostepkioides, Coorong, South Australia.

Tetrad-type Proportions x 1000.
Plant.

58/717
58/718
58/719
58/751

58/710
58/712
58/708
58/703

58/704
58/711
58/705

'"2

''i

•'•o

94
106
102
192
207

261
278
361
523
545

617
623
518
273
236

227
190
236
278
332
888

576
690
621
582
587

166
120
141
136
81
1-3

111

''3

n

19

9

7

5

10

9

10
8

2

5272
5651
9716
4376
6861

0-397
0-391
0-366
0-277
0-264

3223
5982
5048
23368
5638
5280

0-252
0-233
0-228
0-217
0-187
028

3

26
0-2

6
0- 3
0- 4

2

2-9

1- 2
0- 3

have been preferentially chosen for study. A classification of a larger number of plants,
chosen at random in each population, and studied by limited scoring, is given in Table 2.
Excluding the Gippsland population, the dyad and nullad groups each constitute about
8% of the plants in each population. In addition, two plants from the Coorong
A. conostepMoides population appeared to be completely pollen sterile. The significance
of these data will be discussed later.

Table

2.

Plant Group Frequencies.

Plant Groups.

Species.

Locality.

SterUe.

Nullad.

Monad.

Dyad.

Triad-Tetrad.

Anthers
without

Monads
50%,
Dyads

Monads
50%,
Dyads
10%.

Dyads
60-90%.

Triads or
Full

Nulla ds

Tetrads

Rare.

60%.

Pollen.

Rare.

Total.

A. pinifolium.
Gianipains
Gippsland

A. conostepkioides.
Grampians
Adelaide
Eyre Peninsula

85
40

8
8

1

61

6

68

8

84
30
22

9

101

4

41

1

29

7

....

Coorong

7

2

4

2

27

100
52

4

Total (excluding Gippsland population)

Proportions
Theoretical proportions*
*

Assuming two Li

..

..

0-006

0-080

282
0-832

28
0-082

0-000

0-002

0-086

0-824

086

0-002

lethals each with a frequency of

-

339

95 and two others with a frequency of

-

05.

Cf. text,

page 100.

Intba-Plant Variation.
Data are presented in Table 3 which permit an analysis of within-plant variation,
both between flowers and between the individual anthers of each flower. The data are
obviously heterogeneous, and it is clear that intra-plant variation is significant and
substantial. Moreover, the ratio of the variances Betiveen flowers X Tetrad classes and
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Within flowers X Tetrad classes shows that the variation between flowers is significantly
Such a result is to be expected if
greater than that between anthers within flowers.
It has been observed that
the behaviour is subject to environmental modification.
the five anthers of a flower bud may be several days out of phase with respect to meiosis,
and also that meiotic stages may be found at any time of the day or night: thus there
is a certainty of substantial differences of temperature, and also perhaps of turgor
pressure, at this critical time. Although clonal studies under controlled environments
are necessary for a proper evaluation of this intra-plant variation,

Table

it

is

evident that

3.

Within-plant Variation in

VPT

Form.

(Anther data not shown.)

Tetrad-type Frequencies.
(Proportions x 1000.)
Species

Contingencies.
(1)

and Plant.

n
'"

»-i

''2

'•a

(2)

Ti

Ratio of

Between

Interaction

flowers.

Variances.

Within

P.*

flowers.

A. pinifolium

1

2

58/1021

3
4
5

Means
A. pinifolium
58/1008

A. canostephioides
58/704

72

*

§

1

5

1

7

3-2
3-4
1-7
5-7
1-4
2-9

0-4
1-4
1-5
2-3
0-2
1-2

4714
5602
5290
3523
4239
23368

38

373
312
218
213
256
278

535
564
595
608
620
582

88
119
184
171
122
136

399
264
228
280
269
289

557
646
671
631
633
628

44
90
101
89
98
83

5

13-3

9
10

Means

Means

1-7

3

27

4

9

870
905
887
872

5

1

1

3506
3328
2928
3338
3107
16207

37

3

16

7

23

2

10

1

2845
2813
3050
3269
3511
15488

6

4

2

18
14

-7

1

3

1

4
1

1

115
79
62
80
82

5

t

883
815

37

63

Means

52/5

780
812
901
838
748
815

1

3

.

152
136
66
109
157
124

2

4

A. canostephioides

46
36
21
36
85
46

Ratio of between-flowers x classes variance to within-flowers x
and r^ classes grouped. % r^, r^ and r^ classes grouped.
Exceeds the 1% point. H Exceeds the 0-1% point.

6797
6266
6754
6072
6622
32511

classes,

t
X*(121

= 385-8
7-25§

X^60>

= 107-4

t
X'<12>

= 176-5
2-76§

X^(60)

= 122-0

+

x^8l

= 561-5

4-33§

x^4ol

= 1359

7

%

x^8)

= 648-9

16-6211

X''(40)

= 57-6

The main

effects are meaningless.

ra

between-plant differences, between the dyad, monad, and other plant groups, are of much
degree.
These major between-plant differences must be to a large extent
genetically (or cytogenetically) determined.

greater

This conclusion is further established by the analyses of between-plant and withinplant (between flower) variations presented in Table 4.
These analyses refer to the
groups (a) and (6) in Table lA, and include, respectively, seven dyad plants with
pollen fertilities exceeding 40%, and 22 monad plants with pollen fertilities between

23% and 27%.

Although the within-plant variation is again substantial, it can be
concluded that even within the narrow limits of each group there are signiflcant
between-plant differences. The difference between the two groups must be real.
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4.

Analysis of Data.

Plant Groups

Group
C(>ntingencies

:

(a)

(b)

of Table lA.*

Seven Dyad Plants.

(a).

Between plants

and

x^dai.

1943-1;

-nithin plants x'(28), 907-3.

Analysis of Variance.

Plants X tetrad classes

Within plants

>

..

d.f.

S.S.

V.

..

12

..

28

10253487-4
562637-3

854457-2
20094-2

tetrad classes

Group

(6).

F.

42 -5t

Twenty-two Monad Plants.

Contingencies not computed.

Analysis of Variance.

Plants X tetrad classes
Within plants x tetrad classes

d.f.

S.S.

V.

F.

42

288432-0
273398-4

6867-4
3106-8

2-211

88

* Within plant data comprising three flowers for each plant.
Triad and tetrad classes lumped
with dyad class, leaving two degrees of freedom within each flower-set.
t Exceeds 0-1% point.
X Exceeds 1% point.

Discussion.

The occurrence of substantial witliin-plant fluctuation in VPT frequency shapes
precludes any precise genetical interpretation of the data, and also requires that the
causation must be environmentally flexible. Nevertheless, an attempt will be made to
examine formal model systems which might be capable of yielding the observed
behaviour.
In A. pinifoliuvi from coastal

usually

fit

New

South Wales the tetrad type frequency shapes

closely to trinomial square forms, suggesting a dependence of

ment on conditions

VPT

develop-

Specifically, they require
(Smith- White, 1959&, 1962).
equationality of the first divisions and independence between the second divisions in
each mother cell, and it has been possible to relate the VPT behaviour to the occurrence
of chromatid breakage.
In the present material of both species the VPT frequency
shapes are remote from any trinomial square form, and they must therefore require

of meiosis

different conditions of causation.

In the following discussion the term lethal will be used to
behaviour, without any inference of particular genetic mechanisms.

mean

a pollen lethal

Such a

lethal

might

be a gene lethal or a minute deficiency, or it might involve inversion hybridity, chromosome fragmentation, or other anomalous chromosomal behaviours.
(a)

The Dyad Group.

This group of plants is likely to possess the simplest pollen lethal system.
For
plants with a very high frequency of dyads, such as 58/1008, 58/208 and 62/032, a first
approximation is given by the assumption of a lethal killing two pollen grains in each
tetrad.
To account for the occurrence of full tetrads, this lethal must have less than
absolute penetrance, but even then it cannot account for the formation of triads, monads

and nullads.

Model

A

1.

—The

lethal Lj kills

first model which must be examined is perhaps the simplest possible.
two pollen grains in each tetrad and has a penetrance Sj. A second
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lethal, Ln, acts individually
Sji-

and independently on the pollen grains with a penetrance

The expected VPT frequencies

will then be

mo=Sj/sj +Sjj4(l—sj).
mi = 2sji(l—.Sjj)si+4sii3(l—sjj)(l—sj).
m2 = (l—Sjj)2sj+6sij2(l_6-jj)2(l—sj).
m3 = 4sij(]—Sjj)3(l—sj).
m, = (l-s„)*(l-5j).
impose some
The penetrance of

It is possible to

of the

data.

Li

rarity of full tetrads, and that of Lo

the proportion of dyads in excess of

obtained by substitution in any of
derived equation
(8ro

Sj and s„ by inspection
must be high, usually above 0-95, because of the
must be low, generally below 0-20, in order to leave
60%. More precisely, a first estimate of Sj may be
the basic equations after evaluating s„ from the

restrictions on the parameters

+ 5ri + 2r2).s„2_(i6^„ + 5ri)sii +87-0 = 0.

Maximum

likelihood estimates of the parameters can then be found by iteration
(Kempthorne, 1959, page 167).
An attempt to fit the model to sets of plant data is only worth while, and has only
been made, where the observed values a^ and a^ are of reasonable size. Amongst the
sets of data which meet this condition (Table lA, 58/1008, 58/1021, 60/251, 60/108;
Table IC, 58/201, 58/208; Table ID, 55/122, 55/123, 55/115, 55/401, 55/107) only one
gives a satisfactory fit. For this plant (55/107) the maximum likelihood estimates are
Si = 0-9746 and Sn = 0-1900, giving ei values in close agreement with the observed at
values (x^ = 0-8 for 2 available degrees of freedom, P = c. 0-65). In the other 10 sets of

data the
It

maximum

likelihood estimates of either

Sj

or s„, or both, are biologically unreal.

must be concluded that the model does not provide a

of the observed

VPT

satisfactory general explanation

frequency distributions.

This conclusion is confirmed by an examination of those dyad plants in which the
ftg and a^ are negligible, and in which s^ must be very close to unity.
The ratios
of the values ?-„:?-i:?', should then fit the expansion of [SII-(l-SII)]^ with the maximum

values

likelihood estimate

_

2ro+?-^

However, nine dyad plants (Table lA, 58/1001, 60/115, 60/237, 60/120; Table IC,
Table ID, 55/105; Table IE, 54/26, 58/631, 58/635) fail to satisfy this requirement, and in fact deviate from it in a consistent manner. In all, the r^ values are too
low and the r^ and n values are too high.
58/214;

—

Model 2. Examination of a model involving a lethal system Lj killing two pollen
grains at a time, and a second system L,, killing pollen grains individually but not
independently, but to give a trinomial square, is justified by the conformity of New
South Wales A. pinifolium to this form. It is immediately apparent that with these Li
and Lir systems the final VPT frequency shapes
and second division reductions of the lethal Lj.
y and

will

depend on the proportions of

first

terms of a trinomial, such that in a proportion x of second
daughter nuclei die, in a proportion y one nucleus
survives, and in a proportion z both survive, and if
and g represent respectively the
penetrance and fii'st division reduction proportion of the lethal Li, the theoretical VPT
form becomes
If X,

division

z are the

half mother cells both

.s'

ma=x^-\-s[xy+gxz + \(l—g)y'^'\.
mi = {\~s)2xy -\-s{xy +yz + gy^ + {l~g){2xz +ly^)].

m^ = {l~s){y'^ + 2xz)+s[yz-\-z^-+gxz+\(\--g)y^'].
ms = (l~s)2yz.
m^ = (l s)z^.

—

—
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independent parameters

four

z,

{y,

s,

g)

which exhaust the degrees of freedom, the maximum likelihood estimates may be
obtained by equating 'observed and expected values (Bailey, 1961).
The following
equations can be established.

2r,

1—'•o+''-2 + 2r3 + 3»-,±V(l—'•o+»-2 + 2r3 + 3r,)2— (4+r3/r4)(r3+4»-J.
'i-\-r^lr^

= l y —z.
s = \ — rjz'^.

a;

and the value

of g can be obtained

by substitution in any of the equations for m„, m^, or

Too.

These equations are extremely sensitive to the ratio r«/r^, and their application
restricted to those sets of data for which the observed numbers a, and «, are
reasonably large, and where confidence can be placed in their ratio.
Computations
have been made for six plants which satisfy this condition in some degree, and are
presented in Table 5.
Biologically meaningful solutions are possible for the three
plants which provide the largest observed values a^ and a,,, but for the other three both
roots of the equation for z lead to unreal values of s and g. In the absence of degrees
of freedom available for a goodness of fit test, this criterion is the only one on which the
model may be accepted or rejected. The data are inadequate but suggestive, and the
model may be retained tentatively.

must be

Table
Computations of Parameters for Six

(

Plant.

58/1008

<&)

Ratio

0-142

5.

Dyad

Plants Based on Model

X

y

0-04
0-9910

0-0007

0-89
0-0083

z

007

2.

s

g

0-99

-100-2

0-87

(!)

0-98
-53-8(!)

58/1021

0-154

0-082
0-9834

0-055
0-0012

0-863
0-0154

55/115

0-84

0-23
0-834

0-23
0-049

0-54
0-117

60/251

111

0-07
0-947

0-33
0-019

0-60
0-034

-16-3

0-04
0-9954

0-48
0-0023

0-48
0-0023

0-95
-19-8(!)

60/108

2-00

58/201

19-80

0-49

0-79
-3-6(!)

1-00

0-95

9-71

(!)

(!)

-217(!)

All roots imaginary.

Monad Plants.
The mainly monad VPT frequency shapes

are

the

commonest

in

the

material

Although the last model can be fitted to these shapes by the assumption of
suitable parameters, with s equal to unity, all monad plants yield values of Os and a^
far too small to make any such attempt meaningful.
However, if the model were
applicable, a more or less continuous range of frequency shapes connecting the monad
and dyad groups might be expected, and such intermediate forms are in fact rare.
In the computations of Table 5 the dyad plants 58/7008 and 55/115 suggest an Lj
system subject to a high frequency of first division reduction, whilst 58/1021 suggests an
Lij system with 50% second division reduction.
It may be proposed that two (or more)
lethal systems of type L,, LtA and L,,. are present in the populations of the two species,
and that the monad plants contain both. A summation of the data for the 22 monad
studied.
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Grampians A. liinifolmm (Table lA, group (&)) gives an overall ratio of
monads and dyads approximating to 1:4:1, and is also suggestive of the opera-

plants of
nullads,

tion of tMTo L, type lethals.

A

more meaningful justification for the assumption of several different Lj type
can be made from an examination of the data of Table 2.
Excluding the
Gippsland population of A. pinifolium, and lumping the other data in the table. 84%
of plants belong to the monad group and 8% each belong to the dyad and nullad groups.
Together with the almost negligible proportion of "sterile" plants, and the presence of
triad-tetrad plants in the Gippsland population, five categories of plants are recognized
in all.
If it is assumed that dyad plants contain one Li type lethal and monad plants
each contain two, nullad plants would have three.
To obtain the proportions of the
three major groups actually observed, two different lethals, Lja and Lib, must be present
must be present in low frequency.
in high frequency, and one or more others, Ljc, Ljd,
The theoretical expectation, assuming the presence of four such lethals, two with
frequencies of 0-95 and two with frequencies of 0-05, as given in the bottom row of
The hypothesis of a multiple
Table 2, conforms very closely to the observed values.
polymorphism for pollen lethal systems at least deserves fui^ther study.
still

lethals

.

Table

VPT

Frequency Shapes for

.

.,

6.

Tuo

Lethals,

l.-^^

aiul

Ljg

(Assuming complete penetrance, .Sj^^-Sjg^lO.)

First Division Reduction

Tetrad-type Proportions.

Proportions.

3lA

10

0-0

"IB

0-33
0-50

nil

0-50

?>?2

10
00

000

000
100

0-33
0-50
0-67

0-167
0-25
0-33

0-667
0-50
0-33

0-50
0-00
0-167
0-25
0-33

00

0-25
0-167
125
083

0-50
0-667
0-750
0-833

0-25
0-167
0-125
0-083

167
0-1875

0-667
0-6250

0-167
0-1875

0-33
0-50
0-67

.

»>?(,

Any

value

0-.50

—

Model 3. This model comprises two lethals, Lj.^ and Lib, each killing two pollen
grains at a time, and having penetrances Sia and .9ib, and first division reduction values
ffix and fiTjB, together with a type L^ lethal killing pollen grains individually and either
independently or with second division independence as in models 1 and 2.

The two

lethals Lia and Lib alone, and with full penetrance, would yield proportions
monads, and dyads depending on their first and second division relationships
(Table 6). In all cases, there must be an equality in the proportions of nullads and
dyads, which is contrary to the actual data.
The two modifications necessary to the
elementary model involve penetrances less than unity, which allows the occurrence of
full tetrads and an excess of dyads over nullads, and an Ln type lethal with low
penetrance, which allows for the presence of triads and an excess of nullads over dyads.
It is quite possible to formulate equations for this complex model, but since it contains
at least five independent parameters and the monad plants provide only two effective
degrees of freedom, such a formulation is not worth while. Justification of the model
must be attempted by other means, and may be possible from cytological studies.

of nullads,

The Gippsland Triad-Tetrad Plants
These plants necessarily lack any pollen lethals of the Lj type and thus provide
material suited to the study of the L„ type lethal behaviour. All four plants of this
(c)

.
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category show VPT frequency distributions which are remote from both independence
and trinomial square forms. Maximum likelihood approximations to the latter yield
For these plants both hypotheses must be rejected: it seems
X* values exceeding 20-0.
more likely that the Lu system must be complex, and that it may involve a number of
different systems or a number of anomalous behaviours, each having a very low
penetrance.
If

an assumption

is

made

that dyad plants have similar complex

Lu

lethals

and an

additional Li lethal with high penetrance, it should be possible to match dyad and
tetrad plants. This is, in fact, possible for only a very few plant pairs. Assuming that
the Li system is independent of the Ln system in operation, the following two com-

parisons are suggestive:

62/028
Effect of Li, s 0-98

62/030
62/027
Effect of Lj.

s

0-978

62/002

120
652
509

1621
6001
6200

3781
76
151

3931

3191
3072

68

0-771
0-393
0-405

429
1153
982

1452
4873
4707

2590
3852
4211

3237

2262
50
50

0-635
0-325
0-337

.547

71

50

77

However, the more frequent types of dyad plants, with dyad frequencies of about
80%, cannot be related to any of the triad-tetrad plants in this way. In these, either
the Li and Lu systems are not independent, or the L,, systems are less complex or have
lower penetrances.
Conclusion.

From

data which have been presented, it can be
concluded that two kinds of pollen lethal systems exist in populations of A. pinifolmm
and A. conostejihioicles. These are designated as Lj and L^ type systems respectively.
the analyses

of

pollen

tetrad

kill two pollen grains at a time in each tetrad,
There is evidence that two such systems exist in
the populations in high frequency, and that others may also occur in low frequency.
All these systems must be subject to considerable environmental modification.
Studies
of meiosis in pollen mother cells suggest that they are due wholly or almost wholly to
anomalous chromosome behaviours, including chromosome breakage, fragment loss, and
chromatid bridging, and a detailed study of these anomalies is in progress.

Lethal systems of L, type operate to

and usually have high penetrances.

The

lethal systems of the L,, type appear to be complex,

and do not conform with
At the

the behaviour reported previously for east coastal populations of A. jiinifolmm.

present time

it is

not possible to suggest their nature.

The two species are undoubtedly old and stable, and the polymorphism for pollen
lethal systems which is common to widely separated populations must also be old
balanced against selection.
No attempt has been made, or is yet
explain the adaptive value of the systems, or to examine the conditions
which would be necessary for their evolutionary establishment. Such an attempt must

and,

therefore,

possible, to

await a detailed description of anomalous cytological behaviours and a comparable
study of embryo sac mother cell meiosis and embryo sac development.

Summary.

A

study has been made of variable pollen tetrad (VPT) characteristics in 127
plants of Astroloma pinifoliuyn and A. conostextMoides in populations from widely
separated districts in Victoria and South Australia.
1.

2. The VPT characteristics of these populations are distinct from those previously
reported for New South Wales coastal populations of A. pinifolmm, and must therefore
require different conditions of causation.
3.

tion,

The VPT

tetrad type frequency distributions

and must be subject

to substantial

show

significant intra-plant varia-

environmental modification.

However,

intra-
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plant variation is of a lower order than between-plant differences, and it is inferred
that these larger differences must be genetically (or cytogenetically) determined.
4.

Plants can be classified into several groups according to their modal tetrad type
These are the "nullad", "monad", "dyad" and "triad-tetrad" groups.

classes.

Formal model systems involving two kinds of lethals have been examined. Pollen
two pollen grains in a tetrad, and have a high
penetrance.
The populations of both species appear to be polymorphic for several
systems of this type, with two systems present in a high frequency. Dyad plants contain
one such system, monad plants contain two, and nullad plants, possibly, three.
5.

lethals of type designated as L, kill

Lethal systems designated Lu kill pollen grains individually but not indepenand usually have a low penetrance. No suggestion of their nature can be made,
but they are probably complex.
6.

dently,
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APPENDIX.
Symbols Used.
Total observed numbers of pollen tetrads per set.

The

overall pollen fertility.
-2ao

Observed counts of nullads, monads, dyads,

+ 3r?3 + 4a4.

triads,

and

full tetrads.

«j

is

the general term.

Observed proportions of the tetrad types.

Expected numbers of the several tetrad types

in a

sample of

size

n on hypotheses.

Expected proportions of the tetrad types on hypotheses.

The terms of a
poUen lethal

X, y, z.

A

Li.

trinomial.

x+y+z = l.

or lethal behaviour killing two pollen grains in each tetrad.

Liju. Lib.

Different lethals of Li type.

Lii

A

•s,

ffi.

-5l>

sii-

SlA.

ffiB'

pollen lethal system killing pollen grains individually.

The penetrances of given lethal systems.
The proportion of first division reduction of Lj type

lethals.
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AUSTRALIAN LIVERWORTS.
The Sporophyte

By Geoffrey

II.

Haplomitkium ixtermediitm Beeeie.

of

K. Beebie, School of Biological Sciences, University of Sydney.

(One Text-figure.)
[Read 29th May, 1963.]

Synopsis.

The sporophyte

of

Haplomitrium interinedium Berrie

is

described,

and observations on

dehiscence recorded.

The

leafy

male and female plants

of

described in a previous paper (Berrie, 1962).

HajJlomitrium intermedium Berrie were
The mature sporophyte was not described

because material was not available.
Plants bearing sporophytes in early stages of development were brought into the
in May, 1962, and grown on the original soil in covered dishes under

laboratory

Elongation of setae and dehiscence of capsules took place over a
Plants
growing in the open at the type locality went through the same processes at the
beginning of September.

fluorescent lights.

period of about two weeks at the end of July and the beginning of August.

a

c

b

The sporophyte of Haplomitrium intermedium Berrie.
Figure 1.
Mature capsule, before dehiscence
mature sporophyte (x 2)
(7^)
capsule at commencement of dehiscence (xl7).
;

(«)

(xl7)

Female plant with
The same
(c)
;

Mature sporophytes in laboratory and naturally occurring material were alike
except that capsules matured under natural conditions were slightly larger.
Early
maturing in cultivated material was probably due to the higher temperatures in the
laboratory.

When dehiscence takes place under natural conditions the seta is usually 6 mm. to
mm. long and about 0-3 mm. wide. The perigynium and calyptra enclose the lower
4 mm. to 6 mm. of the seta (Figure la).
The mature capsule is black and cylindrical,
from 2-3 mm. to 2-7 mm. long and from 0-4 mm. to 0-52 mm. wide (Figure 16).
10

Dehiscence

As the

slits

by four longitudinal slits which do not meet at the apex or at the base.
open the capsule shortens and bulges at the centre (Figure Ic) so that the

is

Proceedings of the Linnean Society of
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of spores and elaters tends to be squeezed out through the apertures.
Spore dispersal is effected by hygroscopic coiling and uncoiling of the elaters, and is
usually completed within 24 hours of the commencement of dehiscence. Elongation of
the seta continues during and after dehiscence until the tissue collapses under its own

dark brown mass

weight.

In experiments with material growing in closed dishes in the laboratory

it

is

found

that capsules will not dehisce in an atmosphere saturated with water vapour.
Under
such conditions the seta continues to elongate to the point of collapse, but the capsule

does not open, and the spores are not discharged.

The sporophyte of Haplomitrhim interviecliuvi is slightly larger than that of H.
hookeri (Smith) Nees, but smaller than that of any other species. Dehiscence by four
slits is common to H. andinum (Spruce) Schuster, H. rotundifoliiim (Mitt.) Schuster
and H. gibbsiae (Steph.) Schuster, as well as H. intermedium.
The capsules of
H. hookeri and H. blumei (Nees) Schuster each open by a single slit (Campbell, 1959).
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SIZE AT METAMORPHOSIS OF THE FROG HYLA AUREUS RANIFOBMIS
(KEFERSTEIN).
By Stepheiv J. Copland.
(One Text-figure.)
[Read 29th May,

19 63.]

Sy7iopsis.

A

Hylu aureus raniformis (Keferstein) from Gippsland, Victoria, was
•examined and conclusions ^vere drawn as to size at metamorphosis and the stage at which
tadpoles left the water.
There appears to be a normal course of metamorphosis followed by
series of the frog

.about 75 per cent of frogs, but for the remainder an

A new name
The

is

unknown cause postpones development.

given to a subspecies of Hyla ewingii.

finding of a fairly large series of the frog

Hyla aureus raniformis Keferstein

at a restricted locality in Victoria lias afforded an opportunity to record details of the

stage at which individuals of this subspecies complete metamorphosis. All 51 specimens
-were collected two miles south of Hill End on the Moe Road on 28.xii.1961. They were
in a stack of galvanized iron sheets together with battens and other lengths of wood
"Which kept the approximately

6

feet

sheets of iron apart, and formed ample

Many

dried skeletons showed where frogs had

by 2J

sheltering space for scores of frogs.

been crushed to death when the pile shifted. The site was separated by about
mainly boggy, well-grassed ground from a large artificial pond or dam.

20

ft.

of

Plotting of the tail length against combined head and body length on a scatterdiagram showed two apparently well-defined groups. The first, which includes 40 frogs
(approximately 78 per cent), is spaced about the curve to the left and bottom.
It
reflects, I believe, the normal pattern of size during metamorphosis: at least for one
population at one locality in southern Victoria at mid-summer.
The continual and
gradual reduction of the tail is followed from individuals of from 14 to 16 mm. head
and body length, which were the smallest found on land, to completely or practically
completely metamorphosed young frogs about 25 or 26 mm. in head and body length.
This normal curve would be even more pronounced if some of the 1 mm. tail readings
were taken as zero. This is certainly so in some cases where the figure for tail length
should more properly represent the short coccygeal protuberance normal in the adult.

The second group, including 11 frogs (approximately 22 per cent), lies to the
upper right and consists of those specimens whose measurements are plotted within the
line of small open circles. It represents that section of the metamorphosing individuals
in which normal activity of the thyroid, or its instigator the pituitary, has been delayed
and the tadpoles or rather young frogs have continued to increase in head and body
length without the normal relative reduction in the length of the tail.
The reason

these two different courses in metamorphosis

is unknown.
Conwhich are known to affect the production of hormones
by the pituitary and thyroid would be expected to be uniform for all the frogs. So
other factors must operate.
Similar problems arise with other controls, such as why

for

ditions of light and temperature

rain triggers

off

breeding in the entire population of

many

species of frogs at once

and practically simultaneously, while in others, although it starts breeding, this is
An instance of the urgency with which frogs begin
spread over weeks or months.
breeding was shown by a storm over a dry area in Queensland on January 12, 1955.
At least eight species of frogs were found mating in a shallow pond three hours after
the

first

rain

fell.
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be noted that few small specimens are recorded to the left of the diagram.
probable that metamorphosing individuals with a head and body length of much
No smaller specimens were seen on land in
less than 14 mm. do not leave the water.
spite of the ideal damp to wet conditions found at the bottom of the stack, which also
was close to water. Again, frogs would almost certainly seek shelter from birds and
The dam had some bordering reeds and other
other predators as soon as possible.
It will

It is

was exposed.

vegetation, but the greater part

The following specimens
7534,

7538-7548,

7535,

7551,

7550,

were examined: Nos. 7513-7532,

in the author's collection

7553-7555,

7557,

7560,

7558,

7561,

7565,

7567,

7575,

7576, 7578, 7580, 7581, 7586, 7599.
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Diagram in which the tail lengths of the
Fig'. 1.
against the combined head and body lengths. Each black
distribution curve of size during metamorphosis is shown
The 11 dots to the
51 specimens follow this pattern.
circles indicate delayed metamorphosis.
Particulars of

tail

body length; 14 mm.:

one
is

2,

two

shown
I

1,

0;

1;

24:
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•
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v.
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•
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26

24

mm.

individuals examined are plotted
dot represents one frog. The normal
to the left and bottom.
Forty of the
top right contained within the open
51

lengths arranged under head and body lengths follow: head and
tail

length, one 8

mm.;

15:

two 1; 22: one 3, two
one 13, two 4, four 1; 25: one

one

20:
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1,

o
o

o

•

.

2

three

°

•

5

18: one 3;

o
o
o
o
o

•

•

13

21:

six 0; 26; one
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five 0.

The pattern

one
23:

12,

one

one

15,

14,

one

one 10, one
one 10, one
one 9, one 8, one

16:

9;

two

7;

14,

4,

of distribution of these

measurements

0;

17,

one

11,

7,

in the Text-figure.
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Hyla ewingii.

American Museum

Natural History, has kindly
Amer. Mus. Nat. Hist.,
Novitate no. 1896: 43) he transferred W. T. Neill's 1954 (1954: Copeia (2): 83) species
Accordingly my Hyla eivingii loveridgei
Nyctimystes loveridgei to the genus Hyla.
(1957: Pboc. Linx. Soc. N.S.W., 82 (1): 65) needs a new name. I now replace the old
one with Hyla ewingii oberonensis. Oberon at an elevation of 3,623 ft. is the nearest
town of any size to the type locality Porter's Retreat, which is about 20 miles away.
Also the subspecies is common in the Oberon area.
Dr. Richard G. Zweifel, of the

informed

me

that in his 1958 paper

on Nyctimystes

of

(1958:
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FORSTER AND THEIR COLLECTIONS.

R. C. Carolin, School of Biological Sciences, University of Sydney.

[Read 26th June, 1963.]

Synopsis.

A

two Porsters is given. The distribution of the specimens
collected by them on Cook's second voyage is considered and their present lodgement determined
short account of the

life

of the

as far as possible.

These two scientists did not collect, at any time, on the Australian mainland.
Their collections in New Zealand and New Caledonia, however, are frequently critical
with regard to systematic investigations of the Australian Flora; moreover, the history
of their collections is involved.

The biographical details provided by Mitrofanova (1959) would appear to be somewhat inaccurate.
The family, apparently,
J. R. Forster was born in 1729 at Dirschau in East Prussia.
was of Scottish extraction, having emigrated to Europe in the 17th century. He trained
for one of the Protestant churches and was a pastor in Nassenhuben near Danzig wlien
In 1768 he went to Russia at the
his first son, J. G. A. Forster, was born in 1754.
invitation of Catherine II and thence to the German colonies around Saratov, on the
Volga, on an

official

mission for the Empress.

In 1770, however, he was a teacher of natural sciences at the Warrington Academy,
one of many short-lived experimental educational establishments commenced at this
time. Upon leaving this he, and his son, took up free-lance translating work; the father

was reputed

to be

more

or less competent, but scarcely fluent as Mitrofanova

(1959)

suggests, in seventeen languages.

The manoeuvring between Banks and the Admiralty, immediately before Cook's
J. R. Forster was appointed as
second voyage, resulted in Banks declining to go.
From 1772 until 1775 they accompanied
naturalist and J. G. A. Forster as an artist.
Cook on his huge sweeps of the South Pacific, during which they visited many of the
It seems
Polynesian islands, including Tahiti, New Zealand and New Caledonia.
probable that the expedition astronomer, W. Anderson, also collected plants during this
trip.

What happened upon their return is ancient history. Although J. R. Forster had
agreed not to publish an account of the voyage, J. G. A. Forster had not. It seems the
son was completely under the influence of his father and an account of the voyage
appeared under his name, but probably largely written by his father, a few weeks before
The result was a definite rupture between the Forsters on the
Cook's own account.
one hand and the Admiralty and Cook on the other. The younger Forster's letters to
Banks make it quite clear that he held Cook in high regard long after the quarrel.
He says in one letter that his family reached such unfortunate circumstances due to
his father's temperament and this is undoubtedly true.

—

Merrill
to

(1954)

an abrupt end

between Banks and the Forsters came
In fact, Banks apparently lent money to

states that the relationships
in 1777.

This

is

not true.

him and J. G. A. Forster (commonly
George or Georg) did not come until 1780 when there was a misunderstanding
about some of the plates for the account of Cook's third voyage. Banks had obtained,
for J. G. A. Forster, the English proofs in order that he might make, and publish, a
German translation. The plates were also lent and Forster advertised the fact in such
J.

R. Forster after this and the break between

called
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as to indicate that they were in his possession permanently.

Banks appears

temper with the family at this point and, although the plates were
returned promptly on a request by him, did not, it seems, correspond further. J. G. A.
Porster visited London in May, 1790, and a letter to Heyne at this time says: "Sir
Joseph Banks is polite and cold", and later complains that he found too much reserve
and coldness; only Paradise and Sibthorpe showed any friendship towards him.
to

have

lost his

seems to have been entrusted with some
American rebel "delegation" in Paris numbering amongst
It was apparently during this visit that Buffon
its members Benjamin Franklin.
acquired (was given?) the Forster specimens which are now at Paris. Forster returned
In the

autumn

of 1777, J. G. A. Forster

sort of unofficial mission to the

England, but on 22nd October, 1778, eventually left for good except for the brief visit
Neither he nor his father could obtain employment in Britain owing to their
quarrel with the Establishment and his aim was, not only to find an appointment for
himself, but also one for his father.
to

in 1790.

Some time during

1777-8,

J.

G.

A. Forster sent Linnaeus

small specimens and

descriptions on the understanding that he did not publish them.

Linnaeus' son did,

and these specimens are in the Linnean herbarium in London. J. R.
Forster sent a considerable number of specimens to Abraham Back during or before
1778; these are incorporated in the Linnean herbarium. A collection was also presented
(or sold?) to Thunberg by J. R. Forster in 1778 and this is to be found in the Botanical

however

[sic!],

Museum, Uppsala.
Furthermore, it is clear from the Banksian correspondence that Banks himself
had extracted some specimens from their collections at an early date before they left
England.
J.

G. A. Forster arrived safely in the Netherlands

The

a post in the Collegium Carolinum at Cassel.

and eventually was appointed

to

freighter, carrying his instruments

and herbarium, was wrecked off Jutland and it seems only his herbarium was saved.
There now appears a discrepancy in the record. Forster, in a letter to Banks, states
the contents were "all thoroughly rotten" and goes on to plead for some of his material
which Banks had retained. As will be seen, Forster undoubtedly had a very complete
herbarium later and its origin is something of a mystery. There is no record of Banks
having despatched material to him, and the most likely explanation is that the
herbarium, in fact, was not "all thoroughly rotten".
For some years he worked in
Cassel, making many friendships including ones with Sommering, the anatomist, and
Jacobi. He married the daughter of Heyne, professor of classical philology at Gottingen.
He left Cassel for Vilna in 1784, which city he found too barbaric for his tastes. From
here he published the "Prodromus". His correspondence makes it clear that this was
meant to be forerunner of a much bigger work, presumably the "Icones" (see below),
for he was afraid the Swedish botanists would forestall him.
It seems, however, that
many of the diagnoses were drawn up long before, possibly before leaving England.
Catherine II persuaded him to undertake to be naturalist to a circumnavigation the
Russian Government was contemplating, but war with the Ottoman Empire prevented it,
and J. G. A. Forster eventually found an appointment as librarian at Mainz in 1788.
He was largely instrumental in persuading that city to join the infant French
Republic, although the presence of the French Army nearby probably helped, and in
1790 he went to Paris as a Deputy. During this time he paid his last visit to England.
Mainz was occupied by the Prussians in 1792 and his herbarium fell into their hands.
It seems he became progressively disillusioned with the Terror.
After an unexplained
and suspiciously anti-Jacobin visit to the Jura region, he contracted some form of chest
complaint and died in Paris, deserted by all but a very few friends, on 11th January,
1794. The German sense of romantic tragedy has made of Forster's life and matrimonial
experiment almost a legend. Chuquet (1903), admittedly a Frenchman, says he died of
"chagrin". He was certainly not guillotined as Mitrofanova (1959) implies.
After some vicissitudes, Heyne, J.
herbarium. Lambert purchased some of

G.
this;

A.

he

Forster's

may have

acquired his
been under the impression

father-in-law,

.
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He was disillusioned when he
J. G. A. Foster's entire herbarium!
found that Pallas' herbarium contained some species not in the Heyne sale!
There is
no record of how Pallas acquired his specimens. Lambert's herbarium was included
in that of the British Museum (Natural History). There are thus at least three sources
of the Forsterian specimens in the British Wluseum: (i) Banks' original sorting; (ii)
the Heyne sale; (iii) Pallas' herbarium.
that he purchased

The Forsterian herbarium at Moscow (Mitrofanova, 1959) arrived there with
Hoffman who was a professor at Gottingen, 1792-1804, and then at Moscow until 1826.
There appears to be some doubt as to whether the source of this was J. R. or J. G. A.
Forster's herbarium (Herder, 1886).
Mitrofanova has no doubt that it is J. G. A.
The Moscow material is
Forster's herbarium and this certainly seems more probable.
mounted on two different types of paper, one white and watermarked with George Ill's
monogram, probably the original mounting, and the other pink, possibly mounted for
There are also specimens remaining at Gottingen, probably the residue from the

sale.

numerous distributions and
had a

sales.

Obtaining a professorship at Halle in 1780,
he remained there until his death in 1798. His herbarium was then broken up. Part
was sold to an Englishman, probably Shepherd, the founder of the Liverpool Botanic
Gardens in which herbarium it was eventually lodged. In 1885 much of this material
was transferred to Kew (Hemsley, 1885), where it remains, but some was retained by
Liverpool Botanic Gardens and transferred to Liverpool City Museums in 1909. There
J.

are

R. Forster

still

less eventful life.

some Forsterian specimens

in the Liverpool

Museums

(Stansfield, 1953).

J.

R.

Forster's successor, Sprengel, also distributed Forsterian material, as a personal gift,

(Meyer, 1957). He
Mettinus acquired it, and thence
There is one specimen at Leningrad
to Berlin, which material was destroyed in 1945.
which F, E. Fischer took there (Herder, 1886). Also preserved at Leningrad is the
only known copy of Volume I of J. G. A. Forster's projected "Icones" (Herder, 1886).
to

Willdenow

in Berlin.

This

is

still

in the Herb.

also sent cryptogamic material to Kunze,

from

Willdenow (B)

whom

There appears to be no record of how the Forsterian specimens arrived at Philadelphia (Pennell, 1950). The material at Kiel (Merrill, 1954), some of which may have
been destroyed by the war, appears to have been given by J. G. A. Forster to I. P.
Moldenhawer, Professor of Botany at Kiel, 1792-1827 (F. Overbeck, personal communication

)

The situation then is very confused, and it seems impossible to state, for sure,
that any particular specimen was the one and only element used by the Forsters in
drawing up their various diagnoses (holotypes). It seems clear that the selection of
may be necessary. In any case, it is highly likely that most of the descriptions were made before the herbarium was split, even between father and son. Particularly in the case of the "Charactares generum", almost any Forsterian specimen of those
species, et<;., described here has an equal claim to selection, with the exception of those
distributed very early, i.e., Buffon (1777), Linnaeus, Back and Thunberg (1778),
although in the case of Linneaus, .1. G. A. Forster seems to have provided diagnoses
lectotypes

with his distribution.

With regard to the "Prodromus", the specimens at Gottingen and British Museum
have the greatest claim for selection with those at Moscow as a possibility. It seems
that much of the work to complete both "Prodromus" and "Plantis Esculentis" was done
whilst he was at Cassel using the material eventually obtained by Heyne and. probably,
Hoffman.
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Summary of Situation of Specimens (abbreviations as in "Index Herbariorum").
BM. — (i) From combined collection of J. R. and J. G. A. Forster via J. Banks, (ii)
From J. G. A. Forster via Lambert who purchased it from Heyne after the younger
Forster's death,

LINN.

—

(iii)

?

Lambert and

via

Pallas.

G. A. Forster presentation to Linneaus.

(ii) J. R. Forster presentation
Linnaeus' son.
K. From J. R. Forster via Liverpool Museums, Liverpool Botanic Gardens, and
Shepherd, w^ho probably purchased this material through Sprengel.
LIV. The residue of the collection sent to Kew (see above).
GOET. Presumably the residue of J. G. A. Forster's herbarium after distribution of
his material follovping his death.

(i)

J.

Back and thence

(or sale?) to

to

—

—
—
KIEL. —A personal
From
R.
B. —
(i)

J.

gift

from

J.

G. A. Forster to

I.

P.

Moldenhawer.

Forster: a personal gift (or purchase) by Willdenow from Sprengel.

Kunze who bought (?) them from Sprengel.
Source unknown (destroyed).
P.
A personal gift (or sale?) by J. G. A. Forster to Buff on.
LE. One specimen, probably J. R. Forster's, via Fischer.
MW. Source uncertain, probably J. G. A. Forster. Certainly taken to Anatomical
Institute, Moscow, by Hoffman and then transferred to the University.
UPS. J. R. Forster presentation (or sale?) to Thunberg.
(ii)

From

J.

R. Forster via Mettinus and

Mostly ferns (destroyed),

(iii)

—
—
—

PH.

—
— Source

unknown.
References.

Banksian correspondence, mss.
Britten,

in British

Museum.

1885.
Journ. Bot., 14: 360.
1902.
Journ. Bot., 40: 389.
Chuquet, a., 1903. fitudes d'histoire, Le Revolutionnaire, George Forster. Paris.
Dove, A., 1878. J. R. Forster, in Allgm. Deutsch Biogr., 7: 166. Leipzig-.
1881.
Die Forsters und die Humboldts. Leipzig-.
ForsteRj J. G. A., 1829. Breifwechsel. 2 Vols. publ. by Th. H-iiber. Leipzig-.
1877.
Breifwechsel rait Sommering-. Ed. H. Hettner. Brunswicl-c.
Leipzig.
1843.
Collected works: biographical note by Gervinus.
Hemsley, W. B., 1885. Nature, 32: 501.
Herder, F. von, 1886. Acta Hort. Petrop., 9 487.
Hoffman, W., 1793. Hortus Gottingensis (1793).
JUEL, H. O., 1924. Svensk Linne Sallsk. Arsskr., 7 68.
Kersten, K., 1921. Bin europaischen Revolutionar, G. Forster. Berne.
1956.
Die Weltumseig-ler. Berne.
Leipzig.
Maiej£, E., 1856.
Georg- Forster, Liclitstrahlen aus seinen Breifen.
Merrill, E. D., 1954. Chron. Bot., 14 164.
Meyer, D. E., 1957. Willdenowia, 1: 778.
Mitrofanova, N. S., 1959. Bot. Zhurn., 44: 135.
MoLESCHOTT, J.. 1854. Georg Forster der Naturforscher des Voile. (3rd ed., 1874).
Nazagov, M. I.. 1926. Glavn. Bot. Sada R.S.F.S.R., 25: 266.
Pbnnell, F. W., 1950. Proc. Amer. PMlos. Soc, 94: 149.
Stansfield, H., 1953. Bull. Liverpool Lihr. and Mus., 2: 5.
Steiner, G., and M. Hackal, 1952. Ein Lehrbuch fiir unsere Zeit. Thuringin.
1910? Report of Liverpool Botanic Gardens.
1935. Handbooli and Guide to the Herbarium Collections in tlie Public Museums of Liverpool.
1794. Moniteur, p. 478.
1799. Schrad. Journ. Bot., 2: 195.
1796-8. Archiv. fiir die Bot., 1
186.
J.,

,

,

,

,

—
—
—
—

—

—

:

,

—
—

:

—

:

—

—

:

112

FURTHER NOTES ON GLACIATION
By W.

R.

Bkowne and

IN

THE KOSCIUSKO REGION.

T. G.

Vallance.

(Six Text-figures.)

[Read 26th June, 1963.]

Synopsis.

intended to supplement that by the same authors in these Proceedings, Vol. 82,.
1957. Belief is reaffirmed in the validity of the concept of three distinct glaciations, of ice-cap,
valley and cirque type respectively, separated by considerable time-intervals, and detailed fieldevidence is offered in support.
Notes are given on the relevant geology and the lateral and
vertical extent of the glaciations, with descriptions of the glacial phenomena, particularly
those of the first and third glaciations.

This paper

is

IlS'TRODUCTION.

The

supplement and wliere necessary revise notes
already published (Browne, 1952; Browne and Vallance, 1957), special attention being
given to the features of the first or ice-cap and the third or cirque glaciation.
It is
chief purpose of this paper

is to

hoped to offer at a future date further and more detailed notes on the valley-glaciation,
on which much field-work has been done over several years.
Since relatively little investigation has been carried out on the western fall of
the Main Divide, where, on the whole, evidences of glaciation are less abundant,
attention is directed mainly to the country between the Divide and Ramshead Range
(Text-fig. 1).

We wish to make grateful acknowledgement of valued help in the field at various
times by Dr. G. H. Packham and Mr. A. S. Ritchie. The senior author is much beholden
to his wife, Dr. Ida A. Browne, for transport, companionship and discussion of glaciation
problems. The N.S.W. Tourist Bureau facilitated our work by kindly granting the use
Camp (now demolished) during field-trips.
For the relative geographical positions of features mentioned in the text reference

of the conveniently placed Betts'

may

be

made

to Text-figure

1.

Geology.

A

knowledge of the geological features of the area, and particularly of the rocktypes and their geographical distribution, is fundamental to any study of the glaciation,
and in this section we propose to give a brief account of the relevant geology.
Granite. By far the most widespread rock is a grey, fairly coarse biotite-granite or
granodiorite, locally carrying abundant xenoliths of country rock made over and
showing great concentrations of biotite, together with occasional inclusions of quartzhornfels and vein quartz.
A gneissic structure is general, but varies considerably in
degree of development and may be virtually absent though locally very marked indeed.
Occasional belts of shearing or crushing with relatively low resistance have in places
been eroded to form river-valleys, later occupied by valley-glaciers.
Some of the less foliated varieties of granite are intersected by joints which tend
to divide the outcrop into columns or cubical blocks and thereby to facilitate "plucking"
by ice, as on the south-eastern side of Mt. Wheatley, in Wright's Creek, on The Perisher,
and near North Ramshead, as well as in the backwalls of many cirques. Where the
rock is massive and joints are few and far between, resistant bars have been formed
which have constituted riegel-Uke obstructions to the passage of ice or water, as on
Piper's Creek just down from the Summit road, Little Digger's Creek at the start of
its "hang" and Dicky Cooper Creek IJ miles down from its head.
Where moderate to

—
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present the rock breaks up into ellipsoidal or tabular blocks
where frost-weathering is active, as on Mt.

especially at the higher levels

Kosciusko, Mt. Townsend and The Perisher.

Text-flgure

1.

— Ijocality

Map.

needs to be appreciated that much of the jointing has been made manifest by
and that frost-weathering is still disrupting the granite.
The ubiquity of the grey granite ensures that it shall be the most common moraine
material by far, but lessens its value as an indicator of glacial transport or of
It

post-glacial weathering

FURTHER
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prove definitely that the boulders are glacial
There are, however, some variants
One
of limited geographical distribution which are significant in regard to glaciation.
of these is well-foliated and unusually rich in biotite and is probably a quartz-micadiorite; we have observed it in situ only on the western wall of Lake Albina, but
boulders of it, or of something very like it, are found in the David moraine. If further
search confirms this as a rare variant it should be useful in determining provenance.

provenance;
erratics

it

and

is

to tell

impossible to

often

how

far they have been carried.

There are also certain leucocratic types which, by reason of their distinctive
appearance and known limited occurrence in outcrop within the glacial catchment-area,
are exceedingly important; these occur in two narrow belts with a general NNE strike
on and along the eastern front of the Main Divide. The more westerly is the extremely
foliated granite-gneiss forming the summit of Mt. Kosciusko and traceable thence for
some two miles along the eastern face of Mueller's Peak to Townsend Pass; the other,
which makes a more extensive belt, is typically developed at Mt. Etheridge (7,160 ft.)
and stretches south along the eastern scarp of the Etheridge Range almost to North
Ramshead, while to the north it passes through Mt. Clarke to the Blue Lake and at
This rock is a pink gneissic
Mt. Twynam crosses to the west of the Main Divide.
biotite-granite weathering to white, is less intensely foliated than the other, and locally
assumes the appearance of a granite-porphyry.
It

in

may

be mentioned here that a rare and interesting rock,

the Etheridge granite,

tourmaline.

If

is

known

only as inclusions

a very coarse-grained pyroxenite occasionally containing

ever encountered as erratics

it

could be significant.

It is
almost aplitic and may contain tourmaline.
much more widely distributed than the Etheridge "white granite", with which it is
likely to be confused by the inexperienced, but from its occurrence as narrow dykes
through the grey granite it forms somewhat platy or tabular boulders which may be
distinguished from the larger subellipsoidal forms derived from the Etheridge rock.

Another leucocratic variant

is

Locally the grey granite

conspicuously porphyritic in potash-felspar, the pheno-

is

in length. This type is well seen along the Summit
Toad from the Snowy crossing for 450 yards towards Seaman Hut, and for at least
600 yards down the left bank of the Snowy.
It appears to have a very limited areal
extent in outcrop and is therefore of much value for determining the provenance of

crysts being up to

an inch or more

Taoulders.

for the most part at altitudes below the limits of glaciation we
note a medium-grained, completely massive granite easily distinguishable from the
coarser gneissic granite which it invades.
Because of its greater susceptibility to

Though outcropping

may

erosion it usually forms basin-like hollows. It may be seen in the Snowy valley at and
below Island Bend, in Big Boggy Plain near the head of the Crackenback, and in very
small outcrop beside the Summit road between Rennix Gap and Digger's Creek.
It
resembles closely the granite making the floor of the Snowy Valley at and above

Jindabyne.

with the leucocratic granite-gneisses
— Closely associated in the
belts
a long, narrow outcrop
metasedimentary rocks —
phyllite, mica-schist, quartzite and quartz-schist —
Metasediments.

field

and actually separating the Mt. Kosciusko and Etheridge
of

is

slate,

dipping steeply to the S.E. In the Cootapatamba valley it is only 400 yards wide, but
the north it widens to li miles at Club Lake and gradually narrows again.
Its
eastern margin passes to the western side of the Main Divide at Mt. Twynam.
The
phyllitic phases as seen on the Summit road near Mt. Etheridge weather and break up
rather readily, the mica-schists are more resistant, but in general only the quartzites
and quartz-schists, such as are to be seen on the ridge east of Lake Albina and on the
road near Rawson Pass, are able to survive far carriage by ice and retain glacial
markings. Thus, though found occasionally as large blocks, the metasediments usually
appear as small stones in moraines. Pebbles and boulders of quartzite up to 10 inches
long, many of them soled, faceted and ice-scratched, are excellent indicators of
provenance. Near the Summit there has been erosion along the boundary between the
to
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metasediment belt and the Summit granite-gneiss all the way from Cootapatamba valley
to Lake Albina.
The upper course of Rawson Creek valley is cut in phyllite but
confined between the Summit gneiss and a phyllite or quartzite ridge stiffened by a
narrow sill intrusion of granite-gneiss.
Besides the small xenoliths, generally much altered and recrystallized, there are
larger masses of metasediment enclosed in the granite.
One, only a few yards in
extent, is on the very summit of Mt. Kosciusko, another very much larger is to be seen
in the col to the north of Mueller's Peak and makes a recess in the western wall of
the Lake Albina trough, and one is exposed at 6,350 feet in the tributary creek of the

Crackenback that heads just south
Basalt.

— In

of

North Ramshead.

several places granite and metasediments are cut by dykes and other

small intrusions of basalt and dolerite.
One such crops out in the col east of Mt.
Townsend, one appears in the cliff bounding Club Lake, another is seen just north of
Carruthers Peak and a fourth behind the Blue Lake.
Others have been observed in
Cootapatamba valley, on a ridge i-mile south-west of Mt. Kosciusko, on the left bank
of the Snowy north of Blue Lake Creek, on the Blue Cow ridge, and at various points
in the Ramshead Range.
It would appear that the basalts are of more than one
petrological type, some being felspathic and others rather ultrabasic, most containing
olivine but some quite free from it.
It may be hard to distinguish in hand-specimen
"between basalt and some of the dense lamprophyres or metamorphic rocks.
For all
these reasons basalt is of little or no value for determining provenance of erratics.

Other Intrusions.

— Dykes

of hornblende-lamprophyre have been found in several
Range, near the old Hotel Kosciusko site and in the Ramshead
Bange near the head of Piper's Creek. Because of its fine grain and blue-black colour
it makes a conspicuous erratic, but its provenance-value is limited.
A fairly large
outcrop of hornblende-lamprophyre with variations is to be seen west of Snowy Plains
on the track leading up to Brassy Gap.

places, as in the Perisher

A much less common dyke-rock with a distinctive appearance is the dense darkgreen microporphyritic tinguaite first reported (David et ah, 19016) from Blue Lake
Creek (Evidence Valley) some 400 yards up from the Snowy. Several years ago a dyke
of similar rock, possibly a continuation of the other, was found in the wide col in
Guthrie Range. There are certain petrological differences between specimens from the
two occurrences, a

fact

which may have an important bearing on the provenance
common in the David moraine.

of

the tinguaite erratics which are fairly

Related to the lamprophyre are small intrusions of a medium-grained dioritic rock
to be somewhat rare.
One outcrops near Daner's Gap on the track to
Pretty Point; another was found on the slope east of Boggy Plain, with ice-borne (?)

which appear

diorite boulders

nearby at 4,770

feet.

Small intrusions of porphyrite intersect the granite between Pretty Point and
Alpine View, but though boulders of the rock are found in the bed of Little Digger's
Creek they have not been definitely identified as glacial erratics.

David

et al.

(1901a) reported the finding of boulders of pyroxene-amphibolite in the

north-eastern part of

Ramshead Range which they were

able to

trace back to their

source in dykes cutting the granite.

Evidences of Ice-cap Glaciation.
Erosional Land-forms.
1952;

Browne &

—Erosional

Vallance, 1957), but

evidences have already been discussed

we may

(Browne,

restate our belief that the repetition of

hill-forms with gentle westerly or north-westerly slopes and steep lee-sides, as seen in

the

Ramshead Range, and the uniformity of their character and
we can see, to any inherent structural peculiarities of

orientation, unrelated,

the component rocks,
have resulted from the passage of an ice-sheet. Many of the hills in question recall
strongly, though on a smaller scale, the remarkable roches moutonnees. notably
Crozier's Hill (520 feet high and a mile long), in the Inman Valley area of South
so far as
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(Howchin, 1926), and a very large example, said to be 2,000 feet high,
markedly asymmetrical and deeply furrowed by ice, near the outlet of Lake Wakatipu,

Australia

New

Zealand.

Quite apart from any roughening effect of post-glacial weathering, it must not be
supposed that ice-abrasion invariably produces a perfection of smoothness in the
glaciated surface. In a well-jointed rock the passage of ice may result in the quarrying^
out of large joint-blocks.
It

may

much

smaller size than

the valley-glaciers;

these, of course,

be noted in passing that roclies moutonnees of very

those in the

Ramshead Range were produced by

have not necessarily any uniformity of orientation, being related
of ice-movement in the valleys containing them.

to the local direction

Besides the cols and valley-head flats mentioned in earlier papers* a number of
flats occur at high levels in the Ramshead Range, some on the very edge
of the Thredbo (Crackenback) valley.
One of these leads off from the wide, shallow
valley of Upper Merritt's Creek at 6,680 feet, and on another the headwaters of Trapyard
Creek flow at a little over 6,200 feet in a shallow gutter with no visible watershed
separating them from the Thredbo 2,000 feet below. Just south of Alpine View is a
somewhat similar flat at a little under 6,400 feet with drainage to Little Digger's Creek.
These topographic features are hard to explain; it may be that in them as in the cols,
to which they may be allied, we see remnants of the landscape fashioned by the ice-cap.
curious wide

— In

few years further information has been obtained on the
On a rapid examination of the eastern flank of the
ridge bounding Merritt's Basin (the south-western end of Kangaroo Range or Ridge),
in addition to abundant boulders of grey granite, several erratics of white granite of
the Etheridge type up to 4' x 3' x 2' were found at altitudes between 6,370 and 6,510 feet,
also a perched block of massive granite 7' x 4g' x 5' resting on gneissic granite at 6,550
feet, almost on the broad, flat crest of the ridge, and on its very top at 6,590 feet a
large rounded boulder of vein-quartz, obviously an erratic.
Also within the flat col at
the head of the southern tributary of Merritt's Creek between 6,425 and 6,460 feet
were a number of white granite boulders, and a boulder of porphyritic granite was
observed 100 yards south of the col at 6,440 feet, exactly the same height as the highest
outcrop of porphyritic granite on the Summit road. Further north, in the wide, shallow
valley of Upper Merritt's Creek where the flat mentioned above takes off from it two
large erratics of vein-quartz respectively 4 feet and 3 feet in diameter were found at
6,680 feet amid boulders of grey granite.
All these boulders are more than Ig miles south-east of the nearest outcrop of the
Etheridge white granite, and in between lies the undulating plain or basin containing
the headwaters of the Snowy at about 6,350 feet; obviously some mode of lateral
transport capable of working against gravity must be invoked to account for their
present positions, and an ice-cap glacier that overtopped the Ramshead Range and
spilled over into the valley of the Thredbo is the most likely explanation.
Erratics.

the

last

distribution of glacial erratics.

A search along and beside the Summit road on the north-west slope of Kangaroo
Ridge south of Charlotte's Pass revealed large boulders of porphyritic granite east of
the road between Masson moraine and the J27 (K4) mile-post, though none was found
in situ; also, chiefly between the J27 and J26 mile-posts, a number of white granite
boulders at heights of approximately 6,250, 6,200 and 6,100 feet, together with pebbles of
quartzite up to six inches in diameter, some of them soled and obscurely scratched.
These smaller stones are to be found almost exclusively in roadside borrow-pits; away
from the road they are generally hidden by the big granite blocks.
Near the bridle-track from Charlotte's Pass to Mt. Stilwell three large blocks of
white granite were seen at 6,420 feet some 350 yards north of Mt. Stilwell.
A

must be made to a statement in our 1957 paper that the col at Grogin Gap
with moraine 1,50 feet thick.
The road-cutting- on the Alpine "Way at the Gap
reveals that the moraine is only a veneer. Also, a subsequent visit to Brassy Gap col showed
*

may

be

that

it

correction
filled

contains numerous boulders.
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Conceivably some of these erratics were deposited in their present positions by
if this be granted their presence on the right bank of the
Normally, since the source, particularly of the quartzites,
lies well to the west, one might expect them to appear as lateral moraine to the Snowy
glacier on the left bank of the valley.
It is hardly likely that there could be mass
migration of the boulders across the valley at right angles to the direction of movement
of the glacier, and we suggest that they were originally deposited as ground moraine by
the ice-cap glacier and later picked up and moved along by the valley-glacier.
The slope of the Kangaroo Ridge is thickly covered with a mantle of grey granite
blocks set in a matrix of granite-grit and clay. South of the J27 mile-post the roadside
sections expose decomposed granite in situ, but further north there is a matrix of grit
and clay with small angular fragments of granite in it, giving it the appearance of
a till. No doubt many of the large boulders littering the slope have been produced by
weathering and disruption of the solid granite on the crest and side of the ridge, aided,
perhaps, by downward creep, but the presence of erratics of quartzite and white granite
shows that the deposit is in part ground moraine.
The distribution of metasedimentary erratics extends the probable limits of ice-cap
Ice-scratched quartzite stones were found at 6,150 feet on
glaciation a little further.
the western valley-wall of Upper Spencer's Creek and quartzite pebbles strew the
western face of Guthrie Range for nearly 300 feet below the col (6,165 ft.) and are
abundant in the David moraine and up along the flat valley of Trapyard Creek to an
Doubtless many of these have reached their present positions
altitude of 5,750 feet.
through the medium of valley-glaciers, but those in Trapyard Creek must have come
from the Ramshead Range watershed, transported thither in the first instance by an

Snowy glacier, but even
Snowy calls for explanation.

the

ice-cap.

David (1908) and Andrews found numerous large blocks of phyllite in the valley of
Creek,* and David found a faintly striated phyllite block at 6,000 feet on the
crest of the Ramshead Range a mile north-east of Porcupine ridge.
General. We consider that our observations fully support the conclusion of David
and Andrews that an ice-cap covered the country from the vicinity of Mt. Kosciusko
and North Ramshead through the Ramshead Range as far to the north-east as Boggy
Plain and Rennix Gap. The ice must have extended southwards into the high country
south-east of Dead Horse (Grogin) Gap, but we have not examined this in detail,
though the recent finding by the Kosciusko State Park Superintendent, Mr. Neville
Betts'

—

Gare, of what appears to be a phyllite erratic at 6,350 feet in the granite country about
a mile east-south-east of North Ramshead may be significant.

estimated that the ice-cap where it crossed the Snowy valley at
was not less than 1,000 feet thick, but assumed that the valley had its
present depth. The probability that its floor was at that time 400 feet higher than now
(Browne & Vallance, 1957, p. 127) would reduce the figure to about 600 feet. The

David

(1908)

Charlotte's Pass

topographic relief of the whole of the high country at the end
must have been much less than at present since the valleys of
tributaries, so far as they existed, had not been deepened by
glaciers and by rejuvenation and the great cirques had not yet

of the first glaciation

the

Snowy and

of its

the passage of valley-

been excavated.

Valley-Glaciation.
add to our 1957 observations.
Ice-Smoothing. David et al. (190"' a) were convinced that the general smoothness
of the surface of the hills around Mt. Kosciusko was due to ice-abrasion, and David
(1908) and Andrews after careful examination were satisfied that the smoothed granite
surfaces at Thompson's Flat in the Ramshead Range and as far as Boggy Plain were

There

is

but

little to

—

"of true glacial origin".
* Recorded as Spencer's Creek, but the context makes it clear that Betts' Creek is meant.
These blocks seem to have now disappeared very likely they were broken vip and used in
makins' the Summit road. We found a few small quartzite stones in the creek upstream of the
;

road.
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We

have seen other examples of smoothing of rock-surfaces which we are inclined
passage of ice. In the Perisher Range between The Back Perisher
and The Blue Cow at 6,200 feet is an expanse of horizontal to gently curved granite
surface, now somewhat exfoliated, which we think may have been traversed and
abraded by ice. To the north it drops abruptly by a smoothed subvertical wall 135 feet
high to the Blue Cow col which was apparently traversed by a valley-glacier. Several
other col and valley sides are thought to have been similarly smoothed, including the
incised col between Perisher and Back Perisher, parts of the northern wall of Betts'
Creek valley and the walls of its two northern tributaries, the north-western boundary
of Perisher Plain, the left bank of Perisher Creek below the Summit road and the left
wall of Little Digger's Creek below the start of its descent to Digger's Creek.
to attribute to the

In

these instances the granite is rather massive and relatively free from
and we have noticed no obvious relation between the smoothed surfaces and

all

jointing,

any structural features.

i/ari/e.

hor/^on

//O'

hase.me.ntr

Text-figure

2.

—Columnar

section

of

David Moraine.

—

Many of the glaciated valleys contain large accumulations
on their floors and against their walls, which we explained in our 1957 paper
as being mainly of morainic material. The quantities of boulders still remaining along
the walls make this a reasonable interpretation, especially as they are greater than
one might expect from normal subaerial weathering alone.
No doubt post-glacial
slumping has been a proximate cause of local concentrations of boulders, which in
places resemble stone-rivers; however, the presence of boulders of white granite amid
those of grey granite in Upper Spencer's Creek near the Chalet, and of other erratics
in Piper's Creek and Lower Spencer's Creek, confirms that in these valleys at all events
some of the abundant boulders are morainic. Similar accumulations may be seen in
the Snowy Valley near Pound's Creek hut (Illawong Lodge), in Daner's Creek, on the
west flank of Gungartan and Disappointment Spur, and in the wide valley leading
down from Brassy Gap to the Burrungubugge River. In some instances they have had
the effect of appreciably reducing the slope of the valley-walls.
Bouldei' Accumulations.

of boulders

—

David Moraine. In addition to the disrupted varve-clays reported in our 1957
paper, exposed in a tunnel in the moraine at 5,650 feet, another occurrence has been
exposed in a gutter on the Summit road at 5,760 feet. The clays, 8 or 10 inches thick,
are traceable for only a few feet and seem to have been disrupted. Their occurrence
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points to a rather more complex history for this moraine than previously suspected.
The columnar section (Text-fig. 2) summarizes tentatively the information already

obtained as to the sequence in

it.

In the road-cuttings round the margin of the moraine the ratio of large erratics
In such places the moraine
to matrix varies considerably and may be quite small.
consists of a gritty matrix enclosing angular fragments up to about two inches across.

In roadside borrow-pits where vertical sections are available the smaller granite stonesup to eight inches in diameter are seen to be completely rotted and pebbles of quartzite
and tinguaite have acquired an outer layer of decomposition up to one-eighth inch thick.
Clearly the moraine is very much older than, for example, that at tlie mouth of the

Mawson

cirque mentioned below.

Cirques and the Cfrque Glaciation.
we have seen all goes to prove that a third glaciation
occurred producing cirque glaciers, distinct and probably well separated in time from
that which gave rise to the valley-glaciers. At the same time we recognize that many
of the larger cirques were formed initially during the second glaciation and helped to
These cirques form the heads of glaciated valleys, some
nourish the valley-glaciers.
of which have tributaries also characterized by cirque-hollows.
General.

— The

evidence

Perhaps the clearest indication
the Upper

Snowy Valley where,

of

a separate cirque-glaciation

is

to

be found in

Mawson, Club and Clarke cirques
are fronted by a flight of recessional moraines extending down to 5,730 feet and perhaps
lower, and further downstream the crescentic moraines fronting Hedley Tarn descend
below 5,800 feet; these altitudes are well below the levels at which tributaries of the
Snowy glacier could have been active. Moreover, certain older cirques have had the
steep slope of their walls subdued and are now soil-covered and vegetated while others,,
clearly of more recent date, are bounded by sub-vertical rock walls, bare and jointed
and plucked.
The cirque glaciation was much less intense than its predecessors, and in the area
examined it appears to have had a downward limit of effectiveness at between 5,800
The older cirques with floors above this level were re-occupied by
and 5,900 feet.
smaller glaciers and many new cirques were excavated.
as described below, the

The cirques may be divided

into three groups as follows:

These are either at valley
Those occupied only during the valley-glaciation.
heads or in hanging tributary valleys. They are as a rule widely flared, their floors may
be above or below 5,800 feet, their walls may be scored by gullies and creeks and they
Examples: Chalet and Munyang cirques,
are generally soil-covered and vegetated.
tributary cirques along Digger's, Piper's, Perisher, Farm and Lower Spencer's Creeksand Munyang and Valentine Rivers.
These are at high2. Those occupied during both second and third glaciations.
altitudes and bear marks of two occupations chiefly in the presence of an upper cirque
with flared walls and an inner or incised cirque with steep rock walls; there may also
be small secondary or perched cirques. Examples: Wilkinson, Mawson, Club, Albina and.
Blue Lake cirques, probably Twynam (6,440 ft.) and possibly Perisher cirque (5,800 ft.).
1.

As a rule they are
Those formed and occupied during the third glaciation.
and have not been excavated far into the solid rock. Their walls are
subvertical and bare and may be stepped and plucked along joint-planes. Moraines may
be markedly fresh. Examples: Cootapatamba and Clarke cirques, secondary cirques in
Wilkinson, Albina and Club cirques, some at least of the Etheridge Range cirques and
those around Mt. Townsend.
Apart from those containing lakes which were described by David et al. (1901«),
the cirques in general have not had very detailed examination, and the account below,
in which a number of them are considered without special regard to age, is necessarily
incomplete. The cirques below 5,900 feet which are essential parts of glaciated valleys
3.

relatively small

will be considered with them,

it is

hoped, in another paper.
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Cootapataviba

Cirque.

—

If

there

were no

Lake Cootapatamba

(6,730

ft.)

it

is

the immature cirque excavated in the western wall of Cootapatamba valleywould attract attention, for though the wall, rising to more than 300 feet, is of bare,
jointed granite-gneiss the recess or dent in it is very slight and the cirque is not at the

doubtful

if

The
head of the valley at Rawson Pass but two miles down and 230 feet below it.
moraine barrier, which does not go right across the valley, rises 15 feet above the lake
at the outlet, and as the maximum depth of water is 10 feet (Dulhunty, 1946) there can
There is a lower moraine 100 feet below the
hardly have been any overdeepening.
upper, which goes quite across the valley to merge into a lateral moraine, and on the
western side it reaches up the granite wall possibly to 6,900 feet; not improbably,

Text-figure

therefore,

it

was

left

3.

—"VVilkhison

Cirque and Albina Cirques.

by the glacier that once occupied the Cootapatamba valley

at least another mile down.

The cirque

for

as such belongs in our opinion entirely to the

third glaciation.

—

Wilkinson Cirque (Text-fig. 3). Lying between Mts. Kosciusko and Townsend, this
must have been an important centre whence ice radiated to nourish a number
of valley-glaciers through the high col on its north-eastern rim and the lower and
deeper ones on the eastern and north-western rims. Its main outlet was to the west
down Wilkinson Creek valley, and probably ice also overflowed to the south, covering
the wide shelf 700 feet below and to the west of Mt. Kosciusko.
On the floor of the cirque Wilkinson Creek meanders over a swampy and boggy
floor pear-shaped in plan, about i-mile long, and narrowing to the west to end
against a breached terminal moraine.
The catenary cross-section of the outlet valley
is not more than 400 yards wide and 100 feet deep at the 6,400-foot contour and shows
valley-in-valley structure.
Immediately downstream is a step or rapid steepening of
gradient amounting to nearly 100 feet, where the valley cuts obliquely through the
south wall of a cirque on the right.
This heads in the Abbott Range just under the
little secondary cirque at 6,600 feet mentioned below and is marked by two small drained
lakes at 6,180 and 6,140 feet respectively, both apparently moraine-dammed. The valley
maintains its glaciated appearance for another half-mile to a point at 6,050 feet just
below its junction with a tributary, with a hang of nearly 250 feet, from the south
cirque
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draining the rocky ten-ace 700 feet below Mt. Kosciusko. Below this point rejuvenation
has produced rapid deepening and steepening and obliterated all glacial vestiges.

High up on the walls
One

main cirque are a number of little secondary cirques.
Townsend at about 6,900 feet, with a stepped or plucked

of the

of these is just below Mt.

backwall cut in solid granite and a floor partly covered with peat.
It is partially
enveloped by a crescentic moraine forming a narrow, asymmetrical ridge sloping steeply
north, composed of tumultuously piled great granite boulders and exhibiting many fine
examples of perched blocks. The moraine abuts on the Abbott Range col and sweeps
round to the south of the cirque and up on its eastern side, where it joins the cirque
wall.

Some

f-mile to the south, on the east side of Abbott

terrace cut in granite with a rock wall at the back.
ice-erosion about this terrace,

which

is

Range

There

at 6,600 feet, is a small

a strong suggestion of
apparently hollowed into basins partially filled
A little meandering stream crosses it and falls
is

with peat and contains some moraine.
steeply from the edge to the fioor of the main cirque 250 feet below. The rock-surface
between this terrace and the lower cirque on the south-west is almost certainly icesmoothed. On the eastern wall of the main cirque immediately below the Mueller col
is a somewhat dissected cirquoid hollow mantled by what may be a crescent of moraine
and between this and Adams' Pass is another but less distinct cirque-like hollow on
the south-western fiank of Mueller's Peak, whose back wall appears to have been
plucked by ice.

The walls of the main cirque are for the most part in solid granite with a strong
suggestion of smoothing here and there, particularly in the southern and south-eastern
parts of the Abbott Range, but somewhat veneered by boulders in places.
The walls
of the secondary cirques are invariably in solid rock

and look remarkably

fresh.

The

severe post-glacial frost-weathering to which the eastern wall has been subjected has
Elsewhere there are stonecovered it thickly with large angular blocks of granite.

polygons or festoons and stone-runs, features which seem to be repeated on the western
flank of Mt. Kosciusko and the left bank of Cootapatamba valley below the North
Ramshead. In view of the widespread evidence that, probably since the advent of the
white man, there has been severe soil-erosion to a depth of as much as two feet, the
stone-festoons on steep slopes may conceivably be late Pleistocene or early Recent
formations once covered with soil and laid bare only in the last 130 years, or may even
be partly the result of downward movement induced subsequently to and as a consequence of the soil-erosion.

Townsend

—

Around the Townsend mountain knot are several minor cirques
whose floors have been much dissected by stream-action. On the
Abbott Range the Geehi bridle-track before it starts to descend Hannel's

Cirques.

or cirquoid hollows

western flank of
Spur crosses the

one of these at 6,000 feet. It is a well-marked feature with
Half a mile to the north is a smaller and less
The valley of which it is the
conspicuous cirque heading at about the same level.
head is joined by a small tributary which leads up to the Abbott col, through which it
probably received an increment of ice from the Wilkinson cirque. The floors of these
cirques have been dissected by the steep rejuvenated creeks draining them.
steep walls

floor of

more than

300 feet high.

col east of Mt. Townsend at 7,076 feet passes north-west into a wide cirque-like
and two smaller ones facing north-west and north-east respectively mark the
northern end of the Townsend ridge.
On the east side of this ridge two cirque-like
valleys descend steeply, one making for the Lady Northcote Canyon a little north of
Lake Albina, the other for the northern end of the lake (Text-fig. 3). Farther south a
well-defined cirquoid valley cut in schist heads in the Mueller col and enters the Albina
basin a little south of the lake. These last three might properly be regarded as minor
cirques tributary to the main Albina basin, though it is possible that the third is the

The

valley,

result of subaerial wasting of a rather poorly resistant rock.

—

AlMna Cirque (Text-fig. 3). ^Lake Albina, 650 yards long, occupies roughly twothirds of the floor of an elliptical meridional basin at 6,285 feet and drains to the
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nortli into the steep Lady Northcote Canyon, which has been rejuvenated back to the
breached moraine 20 feet high marking the outlet of the lake. It is bounded on the
west by a rock-wall of granite rising to 7,100 feet and on the east by metasediments
In the
rising to nearly 7,000 feet, but giving place to granite at the northern end.
eastern wall is a wide col at 6,720 feet and on the south the col known as Townsend or
Moraine Pass is at 6,640 feet. The downstream cross-profile gives an impression of
valley-in-valley structure with a well-marked shoulder at 6,640 feet on the eastern side,
covered with blocks of granite and phyllite.

The greatest depth of the lake (Dulhunty, 1946) is 25 feet, and as its bed must
contain some sediment the basin containing it may really be a rock-basin of unknown
depth partly filled with moraine material and silt. David et al. (1901a) recorded the
occurrence of grooved pavements on the western wall at elevations varying from 6,445
feet to 6,820 feet, the general direction of the grooves being about E 17° N.

Text-figure

The interpretation

4.

— Mawson

(A), Club (B), and Clarke (C)

of all these features is far

from

easy.

Cirques.

There

may have

been a

high-level shallow valley on the site of the present basin during the ice-cap glaciation,

which was

filled

and overtopped by

glaciation a glacier

may have

making

its

ice

moving a

way north along

little

north of

the ancestor of

east.

During the

valley-

Lady Northcote Canyon

overdeepened the original valley, nourished from the high land on either

and perhaps from northward overfiow
third glaciation a rock-basin was hollowed
side

of a glacier in the
out,

with outlet

Rawson

Valley.

to the north.

The

In the
glacial

groovings strike across the elongation of the basin and their exact significance
obscure; they may not all belong to the same glaciation.

Mawson and Club

is

—

Cirques (Text-fig. 4). As an addition to our 1957 description of
should be noted that at their common outlet there are distinct signs of
a shoulder at about 6,400 feet, the approximate level of Club Lake and of the shoulder
It may perhaps be suggested that this
or bench on the north wall of Mawson cirque.
level represents that of the cirque-floor during the valley-glaciation, and that the lower
or incised cirques were excavated during the third or cirque-cutting stage.

these cirques

it

secondary cirque occupied by Club Lake and perched some 400 feet above
is backed by a precipitous wall of phyllite dipping to the
south-east.
Though the lake is only five feet deep it has obviously been shallowed bj'
silting and probably by landslides since deglaciation, and may originally have been a

The

little

the floor of the Club cirque

;
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and some 20 yards away from it, is the remnant
down to and below lake level. It contains
abundant little quartz and phyllite fragments and may be traced round to the southerly
old outlet furrow cut in the moraine barrier to a level approximately equal to that of
the top of the main mass.
Our attention was kindly drawn to this interesting
occurrence by Dr. A. R. H. Martin. It seems possible that at one stage of its existence,
when only the southern exit was functioning, the lake became virtually stagnant and
was completely filled with swamp vegetation. It is tempting to speculate that this
took place during the so-called Arid Period, between 5,000 and 7,000 years ago, when,
presumably, drainage into and out of the small basin was reduced to a minimum.
rock-basin.

At the back

of the lake,

of a peat deposit 10 or 12 feet thick extending

The moraines associated with the Mawson and Club cirques extend down the
Lake Creek almost to the Snowy. There are at least three of them
stretching down either side of the creek, which has cut deeply into them, spreading
extensively along the left bank and giving a distinctly terraced appearance to the spur
sloping down on the right bank to the Snowy. There may be a fourth moraine, reaching
down to the Snowy, but now very much mixed with flood-plain detritus.
valley of Club

The lowest definitely recognizable moraine has its base at 5,730 feet and is about
130 feet thick; the next of approximately the same thickness has its top at 6,000 feet,
and above that is the third, between 90 and 100 feet thick. In addition there is moraine

Mawson cirque to more than 6,250 feet.
mostly of phyllite blocks, in general small and producing a smooth
overall profile, but with occasional blocks up to 10 feet long. On the fioor of the creek
valley and covering an area of about 40 acres is a dimpled moraine, remarkably fresh
and diversified with pits of triangular plan up to 20 yards long; this may have come
from the little Club Lake cirque.
The lower moraines are mostly granitic with
boulders up to 25 feet long and occasional large blocks of phyllite or quartz-schist.
material on the floor and up the south wall of

The

third moraine

is

Our suggested interpretation of these features is that during the valley-glaciation
Snowy glacier was fed in part by ice issuing from the Mawson and Club cirques
along a valley with floor at about 6,400 feet and probably quite an appreciable "hang".
In the interval between valley and cirque glaciations this valley was widened, deepened
and lengthened to meet the Snowy at grade (granite appears in situ under moraine in
the present Club Lake creek at 5,970, 5,840 and 5,730 feet) and the flight of moraines
was deposited in it during the cirque stage and later dissected by the present revived
the

creek.

Clarke Cirque
6,000 feet, but
is

it

is

(Text-fig.

4).

in moraine,

—The

apparent

floor

of

Clarke cirque

and an examination suggests that the

is

at

at the tiny drained lakelet in the creek valley at approximately 5,870 feet;

well below the top level of the

Snowy

glacier.

The Clarke cirque

nearly

real rock floor

this

is

was smaller

glacier

and at a much lower level than those of the Mawson and Club cirques and, while it
combined with them to form the lowest moraine, it had melted away before its higher
and bigger neighbours, and the empty cirque was partly fllled with moraine from them.
In view of these circumstances
to the age of the Clarke cirque

and

we

are inclined to revise our former suggestion as

to assign it entirely to the third glaciation.

It is

has not been cut very deeply into the granite hill and that
the whole of its backwall, 680 feet high, still shows clear signs of plucking by ice, as
does the little secondary cirque above it, which, it may be noted, is being slowly
enlarged by nivation.

probably signiflcant that

it

Snowy south of Clarke cirque is a small cirque-like hollow
about 6,000 feet and a steep backwall some 120 feet high.
It drains east into a smaller cirquoid hollow at 5,800 feet, almost at river level. Another!
similar hollow appears J-mile upstream with sloping floor at 5,950 feet, a backwall of

On

with an

the left bank of the
ill-deflned floor at

All these, if genuine cirques, are assumed
back to the third glaciation, but the possibility must not be overlooked that
landslides have been wholly or partly responsible for them.

200 feet and an outlet east into the river.

to date

:

i

•

i

;

,

,
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The Blue Lake at 6,190 feet is in a rock-basin,
Dulhunty (1946), who determined tliis, believes that
except for some delta deposits along the western shore there is little alluvium on the
floor, but this may perhaps be doubted in view of the fact that much of the drainage is
received from the belt of metasediments a short distance upstream. The backwall is of
solid granite, jointed, and stepped by plucking, particularly on the north-west. Between
250 and 300 feet above the lake and north-west of it is a cirque with floor some 200
yards in diameter, widely flared walls and N-S elongation, draining south through a low,
breached moraine.
Scratched pebbles of schist and quartzite have been found on its
swampy floor, as well as in a much smaller cirque lying to the south and draining
east into the lake. The larger cirque has an outlet to the south into a smaller cirque
or step with tilted floor some 100 feet above the lake, covered with vegetation and
Blue Lake Cirques (Text-fig.
with a greatest depth of 90 feet.

Text-figure

.5.

—Blue

5).

Lake and associated Cirques, and Twynam

Cirque.

moraine material and confined on the east by a rim of smooth granite. Some 20 feet
below it is another step backed by a vertical granite wall and with a width of some
60 yards, which skirts the lake to the west and south. These steps and their bounding
wall on the west carry glacial grooves with a general direction of 140° mag. (David et al.,
1901a). Similar grooves with plucking along joint-planes are seen on an old valley-floor
on the south-west margin of the lake and about 100 feet above it.
South-west of the Blue Lake and between it and Carruthers Creek rises the
conspicuous ridge capped by the Helms moraine, whose narrow, flat top at 6,610 feet
runs E-W parallel to and at 200 to 300 feet above the creek. It appears to be a remnant
perched on an uneven sloping floor of granite, so that on the west it is 50 feet thick,
on the east 80 feet, and farther round towards the north 220 feet.

South of the lake along the track to the outlet, solid granite appears about 6,350
and a terrace or platform strewn with moraine boulders runs directly south; this
may be a former valley-floor. At the end of it, overlooking the south-western end of
feet,
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Hedley Tarn and almost due east from Helms moraine, Is a beautiful roche moutonnee
rising to nearly 6,300 feet, with a smoothed and grooved surface upstream and a
plucked face on the south-eastern or downstream side. It steps down to a lower level
and continues with smoothed and grooved surface gently and then steeply down to
Hedley Tarn (6,085 feet). It is mantled by relics of moraine.

The moraine barrier at the outlet of the Blue Lake and rising to about 6,350 feet
almost completely blocks the little U-shaped, boulder-strewn valley, less than i-mile long,
that leads down to Hedley Tarn. Its granite walls are in places smoothed and grooved
and on the left bank are in part covered with moraine. Hedley Tarn itself, perched on
its flight of crescentic moraines, is drained by Blue Lake Creek which tumbles down
over moraine boulders to within 220 yards of its junction with Carruthers Creek. The
base of the lowest moraine may be at approximately 5,780 feet, 270 feet above the
Snowy and 550 yards from it, though moraine material descends 150 feet farther.
Carruthers Creek rises on the eastern slope of Carruthers Peak in an irregular depression
resembling a much-eroded cirque. In its oblique course across the phyllite belt it has a
V-shaped valley, but on entering the granite 100 yards below the Blue Lake track its
Its steep right bank,
cross-profile becomes more U-shaped and remains so for |-mile.
300 feet deep, is in solid granite with smoothed surface, but its floor is strewn with
morainic boulders and its left bank is made up of boulders where the successive
curving moraines of the Hedley Tarn flight impinge on it. At 6,000 feet its gradient
begins to steepen, and in |-mile it drops 490 feet to join the Snowy, flowing most of
the way over solid rock.
It is important to note: (1) that the moraine closing the Blue Lake and those below
Hedley Tarn are much lower than the Helms moraine; (2) that the Hedley Tarn
moraines sweep round from the south to the north-west to abut against the Helms
moraine in other words, they are not confluent with but unconformable to it and have
partially filled the valley of Carruthers Creek; and (3) that, as pointed out by David, the
Helms moraine overlies the smoothed and grooved granite surfaces and therefore postdates them, and the orientation of the moraine is out of harmony with the direction of

—

—

the grooves. The interpretation of all these phenomena is somewhat diflicult, but it may
be suggested that during the valley-glaciation ice occupied the ancestral valleys of
Carruthers and Blue Lake creeks, both having their rise in the phyllite belt, perhaps
in cirque-hollows.

The more easterly carved a steep and most irregular

valley,

and

in

particular gouged a great hollow embracing the site of the present Blue Lake, with its

above present lake level. The two glaciers joined somewhere about where
now, and the valley containing them was hanging with respect to that
of the Snowy glacier, its floor being a little below 6,100 feet.
The original Helms
moraine was perhaps medial to the confluent glacier, which must have been at least
400 feet thick. With the disappearance of the valley-glaciers dismantling of the moraine
began, and was continued with rejuvenation of the streams until the onset of the cirqueglaciation, when the valley of Blue Lake Creek was once more occupied by ice.
The
cirque-glacier with the aid of tributaries from the west and north-east was responsible
for the present Blue Lake rock-basin, and by progression and recession built up the
Hedley moraines. On this view the roches moutonnees and the glaciated pavements
and smoothed walls around the Blue Lake belong to the valley-glaciation, and the
smoothing and grooving of the valley-wall between Blue Lake and Hedley Tarn to the
cirque-glaciation, while the present orientation of the Helms moraine is largely the
result of erosion by Carruthers Creek and by some of the cirque glaciers.
floor 100 feet

Hedley Tarn

Twynam
side is

three

is

Cirque (Text-fig.

what we have
inwardly

tilted

5).

called the

—Nestling under Mt.

Twynam

rock-steps,

barriers to small ponds

now

at

drained.

Twynam (7,207 ft.) on its eastern
has a steeply sloping backwall with
6,600 and 6,550 feet, which have formed
floor, at 6,440 feet, is occupied by a boggy

cirque.

6,650,
Its

It

drained lake about seven acres in extent.

From
some 400

a little below Mt. Twynam a well-marked ridge of lateral moraine runs for
yards, bounding the cirque on the south and curving round to the. north-west
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below the second step at about 6,450 feet. Probably this was once continuous with a
of lateral moraine which runs south-east on the other side of the cirque. The
drained lake on the floor has been dammed by a crescentic moraine now breached. The
creek flowing over it one of the heads of Pound's Creek descends rather steeply and
with some steps for about |-mile till it enters an elongated basin at 5,950 feet, where it
seems to have been at one time ponded behind a rock-bar or moraine barrier. The
Pound's Creek system has not been studied, but clearly its Investigation would reveal

remnant

—

—

much

of interest.

—

Etheridge Range Cirques (Text-flg. 6). The eastern escarpment of the Ether idge
Range is scalloped by cirques from the Summit road south to the cross-ridge separating
the Snowy and Crackenback waters east of North Ramshead. They are cut mainly in
the salic Etheridge granite and to the south in the normal grey granite, and are of
varying sizes and degrees of development.

Text-figure

The

first

at 6,4-80 feet,

6.

—The

Etheridge Range Cirques.

three south from the road drain into a shallow elliptical basin or terrace,

which we propose

to call the

Seaman

basin, extending

some

half-mile to

the south and closed on the north by the broad gently sloping ridge traversed by the

Summit road from Seaman Hut

On the east the basin is bounded by a
to the Snowy.
low rim of rock 100 feet above the Upper Snowy basin into which it drains by a
moraine-filled gap. The low ground in front of the range is boulder-strewn, but while
some of the material has resulted from rock-falls, much of it is morainic, as indicated
by the large white granite blocks, one of them 20 feet long, that litter the surface
right down to the Snowy channel (6,350 ft.) i-mile away.
The cirque (A) heading in the shallow col at Seaman Hut is somewhat scoop-like,
with rather ill-defined floor covered with moraine and sloping down to the Seaman
basin, and a backwall about 100 feet high.
Within it is a short but very well-marked
moraine ridge the Jensen moraine (Taylor et al., 1925) which comes down rather
rapidly from 6,624 feet. It is composed mostly of Etheridge granite, with a big proportion
of quartzite and basalt (?) near the base.
On the lower ground below 6,500 feet it

—

—
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It appears to enclose a little
curves slightly to the south and has been breached.
secondary cirque with steep granite walls about 80 feet high, distinctly smoothed in

places.

Half a mile south is a large bowl-shaped cirque (B) really composed of two convergent cirques, with sloping floor about 400 yards wide covered with boulders, and
backwall rising to 500 feet. On the south it is bounded by a prominent moraine-covered
sloping ridge and there are moraine terraces at 6,550, 6,520, 6,500 and 6,480 feet
respectively. The ridge juts far to the east and flattens out at 6,460 feet into a terrace
of solid granite, veneered with moraine, to form the southern boundary of the Seaman
basin.

The next cirque (C) is perhaps the most interesting of all. Its swampy floor, at
some 200 yards in diameter, and contains numerous moraine blocks. There

6,570 feet, is

are breached crescentic recessional moraines at 6,560 and 6,540 feet and, in the lower
ground, two others less well defined at 6,455 and 6,445 feet. The steep granite backwall,

more than 500 feet high, is stepped, plucked and smoothed. A small tributary cirque
main cirque from the south, separated from it by a ridge of solid granite
descending to the floor by two main steps each 20 to 25 feet high and smoothed. On
the bounding spur to the south there is lateral moraine rising more than 200 feet. This
cirque and the adjacent one to the north are cut into the eastern slopes of Mt. Etheridge,
towering to more than 7,100 feet.
joins the

a larger cirque (D), with floor at 6,570 feet and a
This is followed at 500
yards by another large cirque-hollow (E) of about the same height, its gently sloping

Half a mile to the south

is

sloping backwall 250 feet high, heading in a col in the range.

between 6,650 and 6,700 feet, about 500 yards long and descending some 50 feet
by a steeper slope to the Snowy basin. A small tributary (P) enters from the south.
The two cirque-hollows are connected by high cols with two other south-sloping
glaciated valleys at the head of a tributary of the Crackenback.
floor

As regards the age

of these cirques,

that about i-mile south of
also

it

we consider

that the

little

Jensen cirque and

are to be assigned to the third glaciation; the others

may

have been occupied during the second.

It is of interest that cirques aplenty are to be seen in the western wall of this
great basin containing the headwaters of the main Snowy, but not a one on the eastern
wall the Kangaroo Ridge though it rises to 6,700 feet. This is in harmony with the

—

—

general, though by no

means

universal, rule that the cirques were excavated on the
leeward side of the ridges, sheltered from the prevailing westerly winds, and with a
general east to south-east aspect. The same causes operate today to produce the little
nivation hollows and the striking festoons of snow that survive the general spring
thaw all along the eastern face of the Main Divide.

Extent of the Glaciations.
In a previous paper (Browne, 1952) it was stated that signs of glaciation have not
been found at a lower altitude than 4,750 feet, the lowest level reached by the ice-cap

Recently Professor Griffith Taylor (1958, p. 218) has made
glacier reached Island Bend, that the Snowy
gorge upstream of this point was faceted by the glacier, and that there is a riegel, over
which the glacier moved, at the south-western end of the Island Bend ridge.

lobes and the valley-glaciers.

the suggestion that the

Snowy Valley

The present bed of the Snowy coincides with that of the Snowy glacier as far
down as Club Lake Creek, below Charlotte's Pass, at 5,640 feet. Remnants of the floor
valley may be traced at intervals with a very constant gradient for
another nine river-miles to the mouth of Munyang River, where they are at 4,860 feet,
some 460 feet above the Snowy. If we assume the glacial valley to have maintained
the same gradient downstream, then five miles on at Island Bend, if ever it reached so
far, its floor would have been at approximately 4,500 feet.
of the glacial

It

is

signiflcant

Perisher Creeks and

that

the

glaciated

tributary

valleys

Munyang River have been rejuvenated

of

Digger's,

Piper's

for varying distances

and
up
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from the Snowy, clearly as the result of the rejuvenation of that river, which has also
been responsible for the faceting of the Snowy Gorge as far up as Guthega River. The
"riegel" is a very fiat shallow col at a little under 4,200 feet, possibly a remnant of a
former Snowy valley floor and 330 feet above present river level. It marks the divide
between two small tributaries of the Snowy, the larger of which flows in a normal
V-shaped river-cut valley deepening down-stream and both of which have evidently come
The local widening of the Snowy valley
into being since the Snowy lowered its bed.
has been facilitated by the presence of a mass of less resistant medium-grained granite
amid the coarser gneissic granite. We cannot agree that there are any signs of glaciation
here.

Downstream from Island Bend, between 700 and 1,350 yards past the Digger's
Creek crossing, cuttings on the new road down the Snowy valley have exposed aggregates
Mr.
of boulders which some observers have interpreted as moraine accumulations.
D. G. Moye, chief geologist of the S.M.H.E.A., kindly drew our attention to this occurrence. There are two exposures about 600 yards apart, resting in hollows in mediumgrained granite, an extension of that at Island Bend, and here very thoroughly decomposed.
Its presence has had the effect of widening the valley which narrows lower
down. The boulders are chiefly of coarse-grained granite, except in the downstream
deposit where there are numerous boulders and fragments of a doleritic rock confined
exclusively to the eastern side of it. There is a marked absence of sorting, though in
places a rude layering of the boulders may be seen. These range up to about six feet
in diameter and are rounded to subangular and quite irregular in shape; some of them
are decomposed.
They are set in a matrix of granite waste, and the proportion of
boulders to matrix varies considerably from place to place. Here and there lenses of
matrix appear, which show stratification with a small but definite dip towards the
river.
The cuttings expose a thickness of about 20 feet of the deposits, which are at
about 3,950 feet and rest on a gently sloping platform some 200 feet above the
river.
The valley-wall at the back rises steeply to 5,450 feet and is furrowed with
gullies, between and above which the boulder deposits lie.
The accumulations appear
to have had a local source and to be of the nature of old bedded scree or fan-delta
material, probably washed and/or rolled down from the high land at the back and
spread out on a valley-floor which was much above present river-level. The restricted
distribution of the dolerite boulders may have resulted from their derivation from a
dyke-intrusion at a higher level. Some of the boulders may have belonged to a moraine
originally deposited on the higher land above. Quite similar accumulations are exposed
in a cutting at a creek on the Guthega road i-mile past Island Bend at 4,200 feet and
on the Alpine "Way at 4,550 feet where it crosses Friday Flat Creek.
Thus in our view it has not been shown that glacial erosion or deposition extended
down to or below 4,000 feet.
(Browne, 1952), based on a study of airIt is of interest that a suggestion
photographs without benefit of contour-maps, that Grey Mare Range had experienced
glaciation, received some confirmation during a short reconnaissance visit by Ritchie
and Jennings (1955), who reported a couple of possible cirques down to a level of 5,500
feet.
A trip by one of us (W.R.B.) along the top of the southern part of the range
failed to reveal any signs of glaciation, but a brief and hurried visit from the north
suggested the possibility that some relics of valley-glaciation might eventually be found.
Indeed, some of the topographic features seen by Ritchie and Jennings may well be of
glacial origin.
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PERMIAN MICROSPORES AND TRACHEIDS FROM THE NARRABRI-CURLBWIS
AREA, NEW SOUTH WALES.
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(Plate vii.)

[Read 26th June, 1963.]

Synopsis.

Twenty-four sporomorphs from the Permian coals of the Narrabri-Curlewis area,
South Wales, show them to belong to the Newcastle Stage of the Upper Coal Measures.

New

Introduction.
Correlation by spore analysis has assumed increasing significance in recent years,

both in Australia and overseas. Plant microfossils provide the only means of correlation
for considerable portions of the geologic column in Australia. This is particularly true
in the case of coal seams because they contain large numbers of spores, as many as half
a million having been obtained from 1 gram of brown coal in Germany (Pflug, 1953,
p.

63).

Considerable work on Permian spore analysis has been done in Australia in recent
by Dulhunty (1945, 1946), Virkki (1945), De Jersey (1946), Dulhunty

years, particularly

and Dulhunty (1949) and Balme and Hennelly (1955, 1956a, 19566).

Treatment of Material.
Coal samples from the Preston and Gunnedah collieries were broken in i-inch
pieces and allowed to stand in pyridine for one week. The material was then transferred
to Schulze's solution (HNO3 + KCIO3) and left there for 30 days.
It was then boiled

washed several times, and then worked for
After several washings the material was centrifuged,
coloured with safranine solution in alcohol and mounted in glycerine jelly.
twice, for 10 minutes on each occasion,

10 minutes with

10% NaOH.

In order to obtain as many unbroken spores as possible the material was not
crushed in a mortar as is customary. The results were gratifying, as the spores were
The unnaturally long time of maceration requires
intact and splendidly preserved.
comment. Leschik (1956, p. 123) macerated Zechstein samples for 30 days in Schulze's
solution, but this period of maceration can be considerably reduced for samples from
formations younger than Permian.

The coals treated with pyridine responded well to this treatment, for some of
same types of coal not treated with pyridine were not at all affected by Schulze's
solution.
The coals, after treatment with pyridine, were washed with dilute hydrochloric acid and then with water to remove the pyridine before treatment with Schulze's
solution, following the pyridine method of Raistrick (1934, p. 143).
the

The pyridine treatment was not used for material from Killarney Gap and the time
was reduced.

of standing in Schulze's solution

Distribution of Spores.

Twenty-four sporomorphs are represented in the coals of Killarney Gap and the
Gunnedah and Preston collieries. Of 21 sporomorphs found in the coals of the Gunnedah
Colliery and at Killarney Gap, 15 were found in the Gunnedah Colliery and 12 at
Killarney Gap; 6 of these occur only at Killarney Gap.
Proceedings op the Linnean Society of

New South

Wales,

1963, Vol. Ixxxviii, Part

2.
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coal

measures in

New

South Wales

is

as

follows (David, 1932; Raggatt, 1938; Jones, 1939; Dulhunty, 1946):

Newcastle Stage

Upper Coal Measures

Tomago

Stage

Upper Marine
Permian

Lower or Greta Coal Measures

Lower Marine

Of the 24 sporomorphs represented, four have been encountered typically in the
upper part of the Newcastle Stage in New South Wales. Of these, Apiculatisporites
flliformis Balme and Hennelly occurs only in the Newcastle Stage and Bascanisporites
undosus Balme and Hennelly has been found only in the upper part of that stage (Balme
and Hennelly, 1956&, p. 256). It is clear then that the Gunnedah Colliery with the
former belongs to the Newcastle Stage and that the Killarney Gap spore assemblages
containing the latter belong to the uppermost part of the Newcastle Stage. The spore
assemblages' isolated from the Preston Colliery do not permit discrimination between
the Tomago and Newcastle Stages, though further work may indicate the presence of
distinctive forms.

number of spores was found in the coals of the Preston and Gunnedah
where rather large forms of Nuskoisporites and Lueckisporites are prominent.
A significantly much smaller number of spores was encountered in the material from
Killarney Gap where large forms are rare and the species Leiotriletes directus Balme
and Hennelly predominates.
It should be stressed that Lueckisporites, so specially
characteristic of the Gunnedah and Preston collieries, is rare in the spore material
from Killarney Gap. Balme and Hennelly (1956&, p. 256) have already commented on
the predominance of Lueckisporites, a bisaccate form, in the spore assemblages from
the shales of the Newcastle Stage, contrasting with the dominance of trilete and
They inferred that many
monocolpate sporomorphs in assemblages from the coals.
trilete forms represent remnants of an autochtonous "coal swamp" flora, and that the
bisaccate grains are chiefly wind-blown forms derived, at least in part, from an "upland
The

largest

collieries

flora".

The frequent occurrence of Lueckisporites in the Zechstein has already been
discussed by Leschik (1956, p. 138). The same writer (Leschik, 1959, p. 79) has pointed
out that part of the spore flora of Norronaub, S.W. Africa, is to be found also in the
Carboniferous and Permian of Australia, e.g., Endosporites, Accinctisporites, SuccinctiTaeniaesporites and

sporites,

Limitisporites,

sporites,

Accinctisporites,

Verrucososporites.

Succinctisporites and

Among

these,

Endo-

Verrucososporites are here shown to

be present in the Permian deposits of the Narrabri-Gunnedah area as well as in the
Norronaub microfloras. Leschik (1959, p. 80) has pointed out that Accinctisporites and
Accinctisporites
Succinctisporites have not been found in Europe or North America.
has a fairly large time range and the Permian forms^ are morphologically less developed
by comparison with the more modern Triassic forms.
Nuskoisporites has been compared with Walchia (Klaus, 1953), Endosporites with
Sigillariaceae (Potonie, 1954, p. 110) and Accinctisporites with the Cordaitales
(Leschik, 1956, p. 139). Potonie (1952) accepts^ Florinites as the progenitor of biwinged

the

pollens.

Florin (1938-1940) has shown that Florinites has been produced by the Upper

Palaeozoic coniferalean genera Lebachia and Ernestiodendron; Balme and Hennelly
(1955, p. 90) have pointed out that structurally similar grains were developed by some

members
The
Table

1.

of the Cordaitales.

distribution of sporomorphs

in Australian

Permian sediments

is

set

out in

.

.

.
.

.
.

...
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Tracheids.

A

scalariform tracheid of uncertain affinities was found in tlie coals of the Preston
and Gunnedali collieries (PI. vii, figs 1, 2). It has some resemblance to a scalariform
tracheid figured by Rouse (1959, PI. 2, fig. 36) from the Upper Jurassic Kootenay coal
measures of British Columbia.
Incomplete tracheids occur in fairly large numbers in the coals of the Preston and
Gunnedah collieries (PL vii, figs 3, 4). They possess pits on the tracheidal walls only
in a single series and are identical with the tracheid from the Bacchus Marsh glacial
tillite described and figured by Virkki (1945, p. 156, PI. 14, fig. 177).
These differ from
tracheids having several rows of pits figured by Virkki from Warchha, Bihar and
Rewa in the same paper, and by Mehta (1944, p. 135, photo. 4) from Rewa, India.
Table

1.

Distribution of Sporomorphs in Australian

Permian Sediments.

New

South Wales.

Sporomorphs.

o

^

6<
Leiotriletes directus

Balme and Hennelly.
Balme and Hennelly
micronodosus
Balme
and

Qranulatisporites trisinus

Granulatisporites

HenneUy

.

.

.

.

.

.

.

.

.

.

.

.

.

.

+
+

.

+
+

Calamospora diversiformis Balme and HenneUy.
Apiculatisporites fiUformis Balme and Hennelly
.

Verrucosisporites trisecatus

Laevigatosporites vulgaris

and HenneUy

+

Balme and HenneUy
forma colliensis Balme

.

.

.

.

.

4-

.

.

.

.

.

.

.

+
+
+
+

+
+
+
+
+

Accinctisporites nexus Leschik
Succinctisporites grandior Leschik

.

.

.

.

.

.

.

.

+

+

.

.

.

.

.

.

.

.

+
+
+
+

+
+

+

+
+

.

.

Balme and Hennelly
Lueckisporites eancellatus Balme and HenneUy
Lueckisporites amplus Balme and HenneUy
Vestigisporites sp. " A " Balme and HenneUy
Florinites eremus Balme and HenneUy
Florinites ovatus Balme and HenneUy
Lueckisporites fusus

+
+

+
+

......
.

+

og

+

.

Endosporites eminens Leschlk

+
+

+
+

+
+

+

+
+

+

+

+

+

+

+
+
+
+

+
+

+
+
+

+
+
+
+
+
+

Description of Sporomorphs.
Subdivision Teiletes Reinsch. emend. Potonie and Kremp.
Leiotriletes (Naumova) Potonie and Kremp.
Leiotriletes directus Balme and Hennelly.
For synonymy: Leiotriletes directus Balme and Hennelly, 1956^;, p. 244, PL
1-4, figs 1

« »

+

.

Balme and HenneUy
Verrucososporites hamatus Balme and HenneUy.
Marstipipollenites triradiatus Balme and HenneUy
Marsupipollenites sinuosus Balme and HenneUy
Entylissa vetus Balme and HenneUy
Pilasporiies plurigenus Bahne and HenneUy
Nuskoisporites gondwanensis Balme and Hennelly
Bascanisporites undosus Balme and HenneUy
Tuberculatosporites modicus

.

+

a

^i

1,

figs

(a)-(/).

Localities: Gunnedah Colliery, Killarney Gap, Preston Colliery, Curlewis.
Dimensions: Diameter 23-35w.
Discussion: This species is very abundant in the samples from Killarney Gap,
constituting the largest portion of the spores present.
Balme and Hennelly (19566)
describe this species as being widespread and often extremely abundant in Permian
sediments.
The type locality is the seam at 688 feet in the South Wallarah No. 5
D.D.H. bore in the upper part of the Newcastle Stage, New South Wales.
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(Ibrahim) Potonie and Kremp.
Granulatisporites trisinus Balme and Hennelly.
For synonymy: Granulatisporites trisinus Balme and Hennelly, 19566,
Grajvulatispoeites

PL

p. 244,

1,

figs 5-8.

Locality:

Preston Colliery, Curlewis.

Dimensions

Diameter

:

45ju.

Discussion: This species is particularly
Stage (Balme and Hennelly, 1956&, p. 245).

common

in certain

seams

of the

Newcastle

Granulatisporites micronodosus Balme and Hennelly.
For synonymy: Granulatisporites micronodosus Balme and Hennelly, 19566,

PL

1,

p. 245,

9-10.

figs

Locality: Killarney Gap.

Dimensions: Diameter
5

50^.

Discussion: The type locality is the seam at 685 feet in the South Wallarah No.
D.D.H. bore, upper part of the Newcastle Stage, New South Wales (Balme and

Hennelly, 19566,

p.

245).

Calamospora Schopf, Wilson and Bentall.
Calamospora diversiformis Balme and Hennelly.
For synonymy: Calamospora diversiformis Balme and Hennelly, 19566,

PL

p. 246,

2,

figs 14-18.

Locality:

Gunnedah

Colliery.

Dimensions: Diameter 52/i.
Discussion: This is a widely distributed Permian form

(Balme and Hennelly,

19566, p. 246).

(Ibrahim, non Bennie and Kidston) Potonie and Kremp.
Apiculatisporites filiformis Balme and Hennelly.
Apiculatisporites filiformis Balme and Hennelly, 19566, p. 247, PL 2, figs 22-23.
Localities: Gunnedah Colliery and Killarney Gap.
Dimensions: Diameter 26-40/t.
Discussion: This species has been found only in coals from the Newcastle Stage in
New South Wales (Balme and Hennelly, 19566, p. 247).
Apicxjlatispoeites

Verrucosisporites (Ibrahim) Potonie and Kremp.
Verrucosisporites trisecatus Balme and Hennelly.
For synonymy: Verrucosisporites trisecatus Balme and Hennelly, 19566,

PL

4,

PL

figs 48-49,

5,

fig.

p.

250,

50.

Locality: Killarney Gap.

Dimensions: Diameter 90ai.
Discussion: This form is very common in the Newcastle Stage and occasionally
specimens have been found in the Tomago Stage; it has been found also in the
Liveringa Formation in the Kimberley District of Western Australia (Balme and
Hennelly, 19566,

p. 250).

MONOLETE SPOROMORPHS.
Laevigatosporites (Ibrahim) Schopf, Wilson and Bentall.
Laevioatospokites vulgaris Ibrahim forma colliensis Balme and Hennelly.
For synonymy: Laevigatosporites vulgaris forma colliensis Balme and Hennelly,
1956a,

p.

PL 1, figs 1-5.
Gunnedah Colliery.

55-56,

Locality:

Dimensions: Longitudinal axis

55/i;

transverse axis

35jci.

TuBERCULATOSPORiTES Imgrund.
Tuberculatosporites modicus Balme and Hennelly.
For synonymy: Tuberculatosporites modicus Balme and Hennelly, 1956a,

PL

1,

figs 10-13.

Localities:

Gunnedah

Colliery and Killarney Gap.

p.

56-57.
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Dimensions: Longitudinal axis 30^; transverse axis 17-25/ti.
Discussion: This species is recorded by Balme and Hennelly (1956a,
Collie, Irwin River and Eradu in Western Australia.
Veerucososporites (Knox) Potonie and Kremp.
Verrucososporites hamatus Balme and Hennelly.
Verrucososporites hamatus Balme and Hennelly, 1956a, p. 57, PL 1,
Localities: Gunnedah Colliery and Killarney Gap.
Dimensions: Longitudinal axis 52fj.; transverse axis 40/t.

p.

from

57)

figs 19-21.

MONOCOLPATE SPOROMORPHS.
Marsupipollenites Balme and Hennelly.
Marsupipollenites triradiatus Balme and Hennelly.
For synonymy: Marsupipollenites triradiatus Balme and Hennelly, 1956a,

60,

p.

PI. 2, figs 29-35.

Localities:

Gunnedah

Colliery and Preston Colliery, Curlewis.

Dimensions: Longitudinal axis

55-75/*;

transverse axis 30-45^.

Marsupipollenites sinuosus Balme and Hennelly.
For synonymy: Marsupipollenites sinuosus Balme and Hennelly, 1956«,

p.

61, PI. 2,

figs 25-28.

Gunnedah Colliery, Killarney Gap and Preston Colliery, Curlewis.
Dimensions: Longitudinal axis 75/it; transverse axis 40/x.
Discussion: Balme and Hennelly (1956a) have recorded this species from the
Tomago and Newcastle Stages, from the Muswellbrook coal in New South Wales and
from the Cardiff seam at Collie in Western Australia; they give the type locality at
688 feet in the South Wallarah No. 5 bore in the Newcastle Stage.
Dulhunty and
Dulhunty (1949) have recorded this form under the designation P3B from the Upper
and Lower Coal Measures in Tasmania.
Localities:

Entylissa (Naumova) ex Potonie and Kremp.
Entylissa vetus Balme and Hennelly.
For synonymy: Entylissa vetus Balme and Hennelly, 1956a, p. 63, PI. 3, figs 49-52.
Localities: Gunnedah Colliery and Preston Colliery, Curlewis.
Dimensions: Longitudinal axis 40/*; transverse axis 32/i.
Discussion: The type locality for this species given by Balme and Hennelly (1956a,
p. 63) is in the Homeville Seam, Lower Split, Heppburn No. 1 Colliery, New South
Wales. It occurs in the Greta, Tomago and Newcastle Stages in New South Wales and
at Illamatha and Tarleton in Tasmania.
ALETE SPOROMORPHS.
PiLASPORiTES Balme and Hennelly.
Pilasporites plurigenus Balme and Hennelly.
For synonymy: Pilasporites plurigenus Balme and Hennelly, 1956a,

p.

64,

PL

3,

figs 57-59.

Gunnedah Colliery and Preston Colliery, Curlewis.
Dimensions: Diameter 20-35/t.
Discussion: "This species is a very common form in almost all Australian Permian
coals" (Balme and Hennelly, 1956o, p. 64).
Localities:

Subdivision Saccites Erdtmann.
NusKOisPORiTEs Potouic and Klaus.
NusKOispoRiTES GONDWANENSis Balme and Hennelly.
For synonymy: Nuskoisporites gondwanensis Balme and Hennelly,

PL

6,

figs 62-65,

PL

7,

figs 66, 67.

Preston Colliery, Curlewis.
Dimensions: Central body 120/t; total diameter

Locality:

210/t.

1956?),

p.

253,
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Bascanispokites Balme and Hennelly.
Bascanispoeites i^NDOsrs Balme and Hennelly.
Bascanisporites undosus Balme and Hennelly, 1956&, p. 256, PI. 10, figs 81-83.
Locality: Klllarney Gap.
Di7nensions Central body 55/jl; total diameter 85^.
Discussion: "As far as is known B. undosus is confined to coals from the upper part
of the Newcastle Stage in New South Wales" (Balme and Hennelly, 1956b, p. 256).
:

Endosporites Wilson and Coe.
Endosporites eminens Leschik.
Endosporites eminens Leschik, 1959, p. 61, PI. 2, fig.
Locality: Killarney Gap.
Dimensions: Total size 160/x x 135/^.
Discussion: This species has been described by
Norronaub, South-west Africa.

18.

Leschik

Accinctispoeites Leschik.
AcciNCTisPOEiTES NEXUS Leschik.
Accinctisporites nexus Leschik, 1959, p. 63, PL 4, figs 25-28,
Locality:

Gunnedah

(1959,

from

61)

p.

PI. 2, fig. 20.

Colliery.

Dimensions: Total size 95^ x 130//; body 50/t x 70/x.
Discussion: Leschik (1959) has described this species from Norronaub, South-west
Africa.

SucciNCTispoRiTEs Leschik.
SUCCINCTISPORITES GRANDIOR LeSChik.
Succinctisporites grandioi' Leschik, 1959. p. 64, PI. 1, fig. 16.
Locality:

Gunnedah

Colliery.

Dimensions: Total size 65/x x 100^; body 30/i x 35mDiscussion: The form is identical with the species described by Leschik (1959,
from Norronaub, South-west Africa.
BISACCATE SPOKOMORPHS.
LuECKispoEiTES Potonie and Klaus.
LuECKispoRiTEs FUst's Balme and Hennelly.
For synonymy: Lueckisporites fusus Balme and Hennelly, 1955,
Localities: Killarney Gap and Preston Colliery, Curlewis.
Dimensions: Central body 30^; total bladder span 145^i.

PL

p. 92,

p.

1, figs

64)

6-10.

Lueckisporites cancellatus Balme and Hennelly.
Lueckisporites cancellatus Balme and Hennelly, 1955,
Localities: Gunnedah Colliery and Killarney Gap.
DiTnensions:

Body

21ya;

total bladder

Discussion: According to
larly

of

92-93,

PL

2,

figs

11-15.

40/x.

Balme and Hennelly

abundant from the Newcastle Stage

For synonymy:

span

p.

New

(1955, p. 93) this species is particu-

South Wales.

Lueckisporites amplus Balme and Hennelly.
Lueckisporites amplus Balme and Hennelly, 1955,

p.

93,

PL

3,

PL

6,

figs 24-28.

Locality: Preston Colliery, Curlewis.

Dimensions: Body

75iu.;

total bladder

span

105/u.

Vestigispoeites Balme and Hennelly.

Vestigisporites

For synonymy: Vestigisporites

sp.

sp.

"A" Balme and Hennelly.
"A" Balme and Hennelly, 1955,

figs 58-64.

Locality:

Gunnedah

Dimensions: Body

Colliery.

32/i;

total bladder

span

75fi.

p.

95-96,
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Floeinites Schopf, Wilson and Bentall.
Florinites eeemus Balme and Hennelly.

For synonymy: Florinites ereinus Balme and Hennelly, 1955, p.
Gap and Preston Colliery, Curlewis.
Dimensions: Total bladder span 115|U.; maximum bladder width

96, PI. 5, figs 45-48.

Localities: Killarney

Florinites ovatus Balme and Hennelly.
For synonymy: Florinites ovatus Balme and Hennelly, 1955,

90/;t.

p.

96-97, PI.

5,

figs

49-52.

Gunnedah

Locality:

Colliery.

Dimensions: Total bladder span 60/^.
Discussion: Balme and Hennelly (1955, p. 97) have found this spore in
coals; it has been found in the Newcastle Stage of New South Wales.

all

Collie
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STUDIES IN AUSTRALIAN LORANTHACEAE.

A
By

B.

A.

III.

Revision of the Genus Lysiana Tiegh.

Bablow, Department

of

Botany, University of Queensland.

(Four Text-figures.)
[Read 31st July, 1963.]

Synopsis.

The genus Lysiana. endemic in Australia, comprises six species, of which L. subfalcata
(Hook.) B. A. Barlow and L. spathulata (Blakely) B. A. Barlow had been included in L.
exocarpi (Behr) Tiegh.
Subspecies recognized in three species where there is pronounced
clinal variation are L. subfalcata ssp. maritima B. A. Barlow, L. spathulata ssp. parvifolia
B. A. Barlow, L. exocarpi ssp. tenuis
(Blakely) B. A. Barlow and L. exocarpi ssp.
diamantinensis (J. M. Black) B. A. Barlow.
Presumed hybrids between L. exocarpi and
L. murrayi have been observed.
Introduction.
one of a large number of genera segregated from Loranthus by Van
Tieghem (1894, 1895), and v?as circumscribed to include five Australian species. Van
Tieghem's treatment of the family was not widely accepted, and the species have often
been known under the generic name Loranthus, although Danser (1929) accepted
Lysiana as originally delimited. The taxa which Van Tieghem and Danser included in
Lysiana are:

Lysiana

is

L. casuarinae {Loranthus casuarinae Miq.).

(Loranthus exocarpi Behr, Loranthus subfalcatus Hook.).
(Loranthus linearifolius Hook, non Bert.).
L. ')nurrayi (Loranthus murrayi Tate).
L. vittata (Loranthus vittatus R.Br, ex Tiegh. in syn.)
L. exocarpi

L.

linearifolia

Blakely

(1925), in his revision of Australian Loranthaceae, retained the generic

name Loranthus, and recognized

first four of these species.
He noted the wide
and accepted several varieties, including var. spathulata, which corresponds with Loranthus vittatus.
He also expressed some doubt as to
whether Loranthus casuarinae should be retained at specific rank and implied that his
main reason for keeping the latter species and Loranthus exocarpi distinct was to
preserve the well-known epithet exocarjn as the other has priority.

the

variability in Loranthus exocarpi.

Subsequent additions to the group are Loranthus diamantinensis J. M. Black (1946)
and Lysiana banksiana (Guillaumin) Dans. (Elytranthe banksiana Guillaumin).

For the present investigation material from most of the Australian herbaria has
been assembled, and supplemented by a large number of recent collections and field
studies of fresh material.
The assistance of the curators of the following herbaria in
making their material available is gratefully acknowledged: State Herbarium of South
Australia, Adelaide (AD); "Waite Agricultural Research Institute, Adelaide (ADW)
Queensland Herbarium, Brisbane (BRI)
Herbarium Australiense, Canberra (CANB);
National Herbarium of New South Wales, Sydney (NSW): Herbarium of the Northern
Territory, Alice Springs (NT); State Herbarium of Western Australia (PERTH).
Materials in the Herbarium of the University of Queensland, Brisbane, are cited as
BRIU. Dr. S. T. Blake, Queensland Herbarium, is thanked for his advice on taxonomic
procedure, and Dr. Hj. Eichler, State Herbarium of South Australia, for obtaining
photographs of specimens in European herbaria.
;

Proceedings of the Linnean Society of

New South

Wales,

1963, Vol. Ixxxviii, Part
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ill,

Lysiana.
Tiegh., Bull. 8oc. Bot. Fr., 41 (1894) 599; 42 (1895) 82, 438; Dans., Bull. Jard. Bot.
Buit., 10

(1929) 342;

Krause, Pflanzenfam.,

Verh. Akad. Wet. Amst. afd. Natuurk., 29 (1933) 4, 90; Engl. &
16b (1935) 134, 141; Barlow, Pkoo. Linn. Soc. N.S.W., 87 (1962)

2,

53.

Inflorescence single or paired in the leaf axil, consisting of a simple, pedunculate or

umbel or reduced to a single flower, and with a single bract at the
apex of each pedicel. Corolla 6-merous, sympetalous; the tube obliquely curved, inflated
in the middle, and unequally divided into narrow segments, those on the concave side
Stamens 6, epipetalous, erect; anthers
extending deeper and more strongly reflexed.
Ovary several celled, with a lobed mamelon; stigma small,
basiflxed, linear, acute.
Fruit baccate, globular to elliptical; cotyledons emerging on germination.
capitate.
Leaves opposite, flat with
Aerial shrubs with ball-like attachments, without runners.
pennate venation or terete.
sessile two-flowered

Previous monographers of the Loranthaceae (Van Tieghem, 1894, 1895; Danser,
have shown that within the large genus Loranthus there have been
included groups of species which differ from other groups in characters usually recognized as indicating distinct genera. There is no doubt that Lysiana is a natural group
which is sharply distinct from related taxa and is properly given generic rank. The
genus is distinguished by the inflorescence (a simple, pedunculate two-flowered umbel),
the curved, unequally split corolla tube, the four-celled ovary (Narayana, 1958) and
the absence of runners on the attachments.
1929, 1931, 1933)

The New Hebrides
Lysiana comprises six species, and is endemic in Australia.
Elytranthe banksiana Guillaumin, transferred to Lysiana by Danser (1934),
has only a superficial similarity to Lysiana, and has been excluded in this treatment.
The flowers differ from those of Lysiana in the straight corolla tube, its equal splitting
into narrow lobes at maturity, and in the presence of a pyramidal base to the style.
In these characters, and the narrow acute anthers, the flowers of E. banksiana are
identical with those of Amylotheca dictyophleba and the New Caledonian A. pyramidata.
The leaf characters also conform more closely with those of the latter species than with
Lysiana. The four-flowered inflorescence is actually a greatly contracted raceme of two
decussate pairs, and similar contraction of the raceme is common in A. dictyophleba.
The natural relationship of Elytranthe banksiana is probably with these Amylotheca
species, the difference being the reduction of the triads to single flowers, which led
Before Elytranthe banksiana is transferred to
Danser to include it in Lysiana.
Amylotheca a re-examination of the generic limits in this genus will have to be made,
which will involve extensive studies of Malaysian material.
species,

Lysiana is probably derived from a stock similar to Amylotheca (cf. Danser, 1931)
through reduction of the inflorescence from a raceme of triads to a simple raceme and
eventually to a two-flowered umbel. Several species of Lysiana occasionally produce an
inflorescence which is expanded into a three- or four-flowered raceme. The genus, or its
progenitor, has apparently reached Australia from Malaysia, where Ainylotheca and
many other primitive stocks are well represented. There is no evidence in any of the
Lysiana species, however, that they are recent immigrants from more mesic habitats,
since even the tropical species occur in dry or saline communities. Lysiana has probably
originated in Australia, and in view of its wide distribution and degree of differentiation,
is probably of relatively ancient establishment on the continent.

Key

to

the Species.

Fruit ovoid or elliptical.
Flowers usually in pairs on a
common peduncle (sometimes very short or obscure).
2.
Common peduncle obscure, or up to 5 mm. long.
3.
Leaves flat, or rarely somewhat compressed when very narrow.
4.
Anthers locellate.
Style articulated above the base, leaving a distinct nipple on the
fruit.
Calyx limb usually strongly toothed, forming a collar below the apex of the fruit.
Leaves spathvilate, with more or less spreading lateral venation
1. L. spathiilatn

1.

Pedicel not distinctly winged.

BY

B.

5.

Pendulous, sparsely branched plants.

5.*

More or

less erect, densely
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5-8 cm. long, often falcate
la. L. spathulata ssp.
Leaves 3-5 cm. long
lb.

4.*

6.

spathulata.

L. spathulata ssp. juirvifolia.

Anthers not locellate. Style usually articulated near the base, leaving little or no nipple
Calyx limb short, entire or toothed, remaining at the apex of the fruit.
on the fruit.
Leaves oblanceolate to broad spathulate,
Fruit 8-14 mm. long, usually light coloured.
with prominent and acute lateral venation. Calyx usually weakly toothed
2.

L. suhfalcata.

Pendulous, sparsely branched plants. Nodes only slightly enlarged. Leaves oblanceolate
Nipple on the fruit
Peduncle usually less than 3 mm. long.
or narrow spathulate.
small or absent
2a. L. suhfalcata ssp. suhfalcata.
7.* Erect, densely branched plants with enlarged nodes.
Leaves broad spathulate, 2-5-4 cm.
Peduncle usually more than 3 mm. long. Fruit with a nipple up to 1 mm. long
long.
2&. L. suhfalcata ssp. niaritwna.
6.* Fruit 4-11 mm. long, usually dark coloured.
Leaves linear to oblong, with obscure
Calyx usually very short and entire
3. L. exocarpi.
venation.
Leaves linear or lanceolate, thin. Pendulous plants with sparse branching.
8.
9.
Leaves lanceolate, more or less falcate, more than 3 mm. wide
3a. L. exocarpi ssp. exocarpi.
9.* Leaves linear, straight, less than 3 mm. wide
3&. L. exocarpi ssp. tenuis.
8.* Leaves narrow to broad oblong, thick, sessile or abruptly contracted into a short
Rigid, divaricately branched plants
petiole.
3c. Z/. exocarpi ssp. diamantinensis.
7.

3.*

1.*

Leaves terete

4.

L.

casuarinae.

Common

peduncle slender, usually more than 7 mm. long. Leaves slender, terete. Base of
style distinctly cone-shaped .,5. L,.
linearifolia.
Pedicel distinctly winged by the decurrent bract. Fruit globular. Flowers single or in pairs
without a common peduncle. Leaves linear, often clustered
6. i. viurrayi.

2.*

1. Ltsia^^a spathulata
(Blakely) B. A. Barlow, comb, et stat. nov.
Loranthus vittatus R.Br, ex Tiegh., Bull. Soc. Bot. Fr., 42 (1895) 83 in syn. non
Engl.; Lysiana vittata Tiegh., Bull. Soc. Bot. Fr., 42 (1895) 83 (nom. nucl.); Dans.,
Bull. Jarcl. Bot. Buit., 10 (1929) 342; Loranthus exocarpi Behr ex Schlecht. var.
spathulata Blakely, Proc. Link. Soc. N.S.W., 50 (1925) 10; Lysiana exocarpi (Behr ex

Schlecht.) Tiegh. var. spathulata Chippendale, Trans. Roy. Soc. S. Aust.. 86 (1963)
Included in Loranthus exocarpi Behr by Benth., Fl. Austral., 3 (1866) 392.

Glabrous.
lenticels

7.

Branches smooth, somewhat divaricate, usually without conspicuous
Leaves opposite, spathulate, rounded at the apex, very gradually

when young.

attenuate at the base into a petiole 0-5-1-5 cm. long, 3-8 cm. long, 1-3 cm. wide, widest
at about 3 of the length of the leaf; venation pennate, the central vein more prominent

than the others, the lateral veins somewhat spreading but often curvinervous at the
base of the lamina. Inflorescence an axillary, pedunculate, two-flowered simple umbel;
peduncle usually 1-2 mm. but sometimes up to 5 mm. long; pedicels thinner than the
peduncle, 3-7 mm. long. Bract conspicuous, rounded, decurrent on the pedicel, adpressed
to and partially enclosing the young ovary, but later usually spreading, 2 mm. long.
Ovary slightly barrel-shaped, 2-3 mm. long, 2 mm. wide. Calyx limb conspicuous, erect,
1-1-5 mm. long, distinctly 6-toothed.
Corolla split to the middle or slightly lower, red
at the base, black, green or yellow at the apex, 20-30 mm. long. Anther locellate, as
long as the free part of the filament. Stigma capitate, 1-5 times as wide as the style.
Style articulate above the base, leaving a distinct nipple on the fruit. Fruit ellipsoidal,
incorporating the base of the style, so that the calyx limb forms a collar just below
the apex of the fruit, 8-12 mm. long, 5-8 mm. wide (Fig. 1, a-d.).
Type: Bacon Swamp, Roper River, N.T., on Eucalyptus
Aug., 1911

(NSW

54791 in

sp.,

Baldwin-Spencer, July-

NSW).

Distribution: Western Australia (Kimberley
Queensland (north-west and central) (Fig. 2a).

District),

Northern Territory and

Lysiana sjxithulata differs from the other species in the genus in the locellate
anthers, the barrel-shaped ovary and the incorporation of the style base in the fruit,
so that the calyx limb forms a collar below the apex of the fruit.
Other characters

which distinguish the species from one or more
branches without conspicuous

lenticels,

the

of its congeners are the smooth young
spathulate leaves with rather spreading
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lateral veins and usually more prominent midrib, the relatively long, erect, distinctly
toothed calyx limb, the short corolla and the nipple left on the fruit by the articulation

of the style above the base.

The

was

species

Brown

collected on islands in the Gulf of Carpentaria by Robert

—

in 1802 and given an herbarium name Loranthus vittatus (K,P photos in BRIU).
Bentham (1866) cited the specimens under Loranthus exocarpi with the comment that

"the tropical specimens have usually broader, more cuneate leaves, the southern ones

a, ssp. spathulata, portion of plant, x I
b, ssp.
Text-figure 1.
a-d, Lysiana spathulata.
spathulata, inflorescence, xl; c, ssp. spathulata, fruit, xl; d, ssp. parvifolia, portion of plant,
e, ssp. subfalcata, portion of plant, x i
e-ij Lysiana subfalcata.
ssp. subfalcata,
X i.
/.,
inflorescence, x 1
h, ssp. Tnaritima, portion of plant, x i
i, ssp
ssp. subfalcata, fruit, x 1
(/,
inaritima, inflorescence, x 1.
;

;

;

;

frequently but not always very narrow linear leaves".
of the differences

;

Blakely (1925) recognized some

between the taxon and typical Loranthus exocarpi, and treated

it

as

Loranthus exocarpi var. spathulata, but the differences in fact are as great as those
usually found among related species, and are not weakened by transitionl forms. The
ranges of the two taxa overlap in Central Australia (Fig. 46), and each retains its
identity, so that Lysiana spathulata is properly accorded specific rank.
There is a distinct clinal variation in leaf length from the long, perfectly spathulate
or slightly falcate leaves in the northern part of the range, to an extreme with very

.
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short leaves in the south-western part of the range, although the gradation is rather
sharp. This variation is correlated with a change of habit from pendulous to erect.

—

(a) ssp. SPATHTL'LATA.
More or less pendulous plants with rather sparse branching.
Leaves 5-8 cm. long, often somewhat falcate (Fig. 1, a-c)
Distribution: Northern part of the species range, from the Kimberley district to

Jericho, Q.

CFig. 2a).

Host plants: The usual hosts are species of Acacia (A. Mdwillii, A. camttagei, A.
coriacea, A. dictyophleba, A. estrophiolata, A. farnesiana, A. niangium, A. stipulifera and
others). The subspecies has also been recorded on Cassia sturtii. Eucalyptus cyanoclada,
E. papuana, E. pyrophloia. Ficus sp., Gardenia sp., Grevillea sp., Hakea sp., Nerium
oleander and Santalum lanceolatum.
Specimens examined: The following of the 56 sheets examined illustrate the
characters and distribution of the typical subspecies: Westeejv Austealia: D. Rust 12,
Karungie, via Wyndham, 3.1952 (PERTH).
Northern Territory: B. A. Barlow 557,
Forsbrook, Katherine, 8.1.1963 (BRIU 833); M. Lazarides 5879, 18 mi. SE. Kurundi,
Queensland: B. A.
29.8.1956 (CANB 108384, BRI 013871, NSW 54808, NT, PERTH).
Barlow 320, Karumba. 15.8.1961 (BRIU 791); M. S. Clemens, Yalleroi, 13.4.1946 (BRI
017493).
(&) ssp. PARViFOLiA B. A. Barlow, ssp. nov.
Folia 3-5 cm. longa (Fig. 1, d).

—Plus

vel

minus

erectus, dense ramosus.

Typus: Palm Valley, N.T., in Fico platypoda, D. Nelson 5, 15.8.1961 (NT 8355).
From Central Australia west to Eighty Mile Beach, W.A. (Fig. 2a).

Distribution:

Host plants: Acacia sp., Callitris glauca. Ficus platypoda, Melaleuca glomerata, M.
Santalum lanceolatum.
Specimens eo^amined: Western AI'Stealia: Wallal Downs, N. T. Burbidge 1508
(PERTH). Northern Territory: 7-8 mi. W. Frewena, G. Chippendale & L. A. S.
Johnson, 2.10.1957 (NSW 54810, NT 3846); Tanami, M. Lazarides 6247, 22.4.1957 (CANB
108385, BRI 017259, NSW 54814, NT, PERTH); 9 mi. NW. Mt. Riddock, D. E. Symon,
31.5.1953 (ADW 9125); Ormiston Gorge, G. Chippendale, 25.5.1956 (NT 2095, BRI
032049. NSW 54852); Simpson's Gap, D. E. Symon, 29.5.1953 (ADW 9129); Palm
Valley, R. Hill & T. R. N. Lothian 940, 15.7.1958 (AD 95909084); Palm Valley, G.
Chippendale, 25.8.1956 (NT 2670, NSW 54739); Palm Valley, D. Nelson 5, 15.8.1961 (NT
8355); Palm Valley, D. Nelson 6, 15.8.1961 (NT 8356); Palm Valley, D. Nelson 9,
15.8.1961 (NT 8359); Palm Valley, D. Nelson 12, 15.8.1961 (NT 8362).
The following specimens show characters more or less intermediate between those
of ssp. spathulata and ssp. parvifolia: Northern Territory: 42 mi. NW. Willowra, G.
Chippendale, 30.7.1958 (NT 4770); George Gill Ra., G. Chippendale, 14.8.1957 (NT
3630); Palm Valley, T. R. N. Lothian 187, 1954 (AD 96102097).
linearifolia.

2.

Lysiana subfalcata (Hook.)

B. A. Barlow, comb. nov.

Loranthus subfalcatus Hook., in Mitch., Journ. Exp. Trop. Austral., (1848) 224;
Loranthus exocarpi Behr var. venulosa Blakely, Proc. Linn. Soc. N.S.W., 50 (1925) 9.
Included in Loranthus exocarpi Behr by Benth., Fl. Austral., 3 (1866) 392.
Glabrous. Branches often conspicuously lenticulate when young. Leaves opposite,
oblanceolate to broad spathulate, acute or rounded at the apex, gradually attenuate at
the base into a petiole 0-5-1-0 cm. long, 2-5-12 cm. long, 0-4-2-0 cm. wide, widest at about
i the length of the leaf; venation pennate but usually with 2 or 4 curvinervous lateral
veins nearly as long and prominent as the midrib; lateral veins acute, distinct.
Inflorescence an axillary, pedunculate, two-flowered simple umbel; peduncle 1-5 mm.
long; pedicels thinner than the peduncle, 3-8 mm. long.
Bract rounded or acute,
spreading at maturity. 1-2 mm. long. Ovary cylindrical, 2-4 mm. long, 1-2 mm. wide.
Calyx limb usually spreading, 0-5-1-0 mm. long, usually irregularly or weakly toothed.
Corolla split to the middle or slightly lower, red or yellow at the base, black or green
at the apex, 25-50 mm. long. Anther as long as the free part of the filament. Stigma
capitate, 1-5 times as wide as the style. Style articulate at or above the base, sometimes

.
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leaving a nipple on the fruit.
the apex, 8-14

mm.

maturity (Fig.

at

long, 4-6

1,

Ill,

Fruit ellipsoidal or pear-shaped, with the calyx limb at
wide, usually light coloured and somewhat transparent

mm.

e-i)

There are three sheets in the Hooker Herbarium bearing four collections by
Mitchell from the Carnarvon Range area, Q. (K photos in BRIU). Hooker's description
is probably based on all of these, so they are syntypes.
Tyjie:

—

Distribution: Western Australia (Kimberley District), Northern Territory, Queens-

New South Wales (northern) and South Australia (far north-east) (Fig. 26).
Lysiana subfalcata differs from the other species in the rather elongated, light
coloured and somewhat transparent fruit.
Several of its characters are variable, but
it can usually be distinguished from one or more of its congeners in its oblanceolate
or spathulate leaves with prominent, acute lateral veins, the narrow ovary and short,
land,

spreading, irregularly toothed calyx.

Bentham

(1866) reduced Loranthus subfalcatus Hook, to a synonym of Lorantlms
Blakely (1925) described a variety venulosa of Loranthus exocarpi which
agreed with Loranthus subfalcatus, but cited only a few specimens under this variety,
other similar specimens being placed in Loranthus exocarpi or in Loranthus exocarpi
exocarpi.

The latter variety included yellow-flowered plants from several of the
taxa accepted in this revision, and so has no taxonomic value. In inflorescence characters
Lysiana exocarpi and L. subfalcata are similar, but the two species differ constantly in
leaf characters and in the fruits, and they retain their identities where their areas
overlap in Central Australia, the northern parts of South Australia and New South
Wales, and in southern Queensland (Fig. 4&), so that the recognition of L. subfalcata
as a species is necessary. This species has probably gone unrecognized because of the
tendency which has existed among taxonomists to associate relatively small morphological differences in mistletoes with their occurrence on different host species, although
there is very little evidence to support the theory that the morphology of the parasite

var. flavescens.

is

influenced by the host.

Lysiana subfalcata also overlaps extensively the range of L. spathulata (Fig. 46),
and while the two species may superficially appear similar, their diagnostic characters
remain constant, and no intemnediate specimens have been seen.
In Queensland coastal communities there is a sharp gradation in stem, leaf,
inflorescence and fruit characters to a variant which is restricted to maritime communities, and which is recognized as a subspecies.
(a)

—

SUBFALCATA. Usually pendulous and sparsely branching.
Nodes only
Leaves oblanceolate or narrow spathulate.
Peduncle usually less
long. Nipple on the fruit small or absent (Fig. 1, e-g).

ssp.

slightly enlarged.

than

3

mm.

Distribution: Throughout the species range except for maritime communities (Fig.
26).

Host plants: In the north-western part of the range the usual host is Bauhinia
cunninghamii, while in the east the subspecies appears to be common on species of
Acacia {A. colletioides, A. excelsa, A. farnesiana, A. stenophylla and others), Atalaya
hemiglauca, Heterodendrum oleifolium and Santalum lanceolatuni. Other host records
Acacia kempeana, A. osioaldii, Albizia basaltica, Angophora costata, Bauhinia
Capparis loranthifolia, C. mitchellii, Casuarina cristata, C. glauca, Diplatia
furcata, Eremocitrus glauca, Eucalyptus populnea, Ficus orbicularis. Geijera parviflora,
Hakea ivoryi, H. leucoptera, H. lorea, Melaleuca leucadendron, Nerium oleander, Owenia
acidula and Pittosporum phillyraeoides.
are

carronii,

Specimens examined: The following of the 124 sheets examined illustrate the
characters and distribution of this subspecies: Western Australia: Hall's Creek, C. A.
Gardner 9703, 18.9.50 (PERTH). Northern Territory: Near Wave Hill Police Station,
R. A. Perry 2239, 25.6.1949 (NSW 54860, PERTH); 31 mi. SW. Alice Springs, M.
Lazarides 5285, 15.5.1955 (CANB 108383, NSW 54811, NT, PERTH).
Queensland:
Digby Peaks, 80 mi. N. Boulia, R. Paten, 8.1957 (BRIU 658); 11 mi. S. Mossman, B. A.
Barlow 135, 12.8.1960 (BRIU 25); 5 mi. W. Condamine, B. A. Barlow 32, 17.4.1960
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South Australia: Road to Cordillo, J. B. Cleland, 21. 1924 (AD 96104136).
J. L. Boorman, 6.1907 (NSW 54725)
Cobar, L. Abrahams,
.5.

New South Wales: Gunnedah,
9.1911 (NSW 54778).

;

—

MARiTiMA B. A. Barlow, ssp. nov. Frutex pro more erectus, dense
Nodi valde dilatati. Folia late spathulata 2.5-4 cm. longa 1-5-2-5
Pedunculus pro more quam 3 mm. longior. Stylus usque 1 mm. supra basin

ssp.

(&)

divaricateque ramosi.

cm.

lata.

articulatus, super fructu papillam relinquens (Fig.

h-i).

1,

• ssp. spathulata^,
Text-figure 2.
Distribution of Lysiana species.
a, L. spathulata
o ssp. parvifoUa, x intermediate plants,
b, L. subfalcata
9 ssp. subfalcata, o ssp. maritima,
X intermediate plants. Cj L. exocarpi • ssp. exocarpi, + ssp. tenuis, o ssp. diamantinensis,
X intermediates between ssp. exocarpi and ssp. diamantinensis.
d, • L. linearifolia
o L.
;

;

;

;

casuarinae.

Typus: 10 mi.

S.

Gladstone,

Q.,

in Ceriopsi tagal, 7.4.1961, B. A.

Barlow 248 (BRI

037734).

Distribution:

Queensland coastal

from Mossman

districts,

to

Burrum River

(Fig.

2&).

Host plants: The subspecies
and Rhizophora mucronata)
Myoporum acuminatum.
.

is

It

almost entirely confined to mangroves {Ceriops tagal
has also been recorded on Casuarina glauca and

Specimens examined: Queensland: 12 mi.

(BRIU

15);

Karumba,

Wah Day
Barlow

Creek,

H. H.

S.

Flecker,

(BRIU

Mossman,
13.6.1939

B. A.

(NSW

Barlow
54873);

132, 12.8.1960

20

mi.

SE.

671); Palm Island, T. L. Bancroft (BRI
032035, BRI 032036, BRI 032040); Bowen, A. B. Cribb, 22.5.1962 (BRIU 662); Mackay,
B. A. Barlow 158, 17.8.1960 (BRIU 14); 10 mi. S. Gladstone, B. A. Barlow 247, 248,
7.4.1961 (BRI 037734, BRIU 16, BRIU 17); Traveston, C. T. White 6391, 6.10.1929 (BRI
032032,
54875).
B. A.

NSW

321, 18.8.1961
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The following specimens show characters more or less intermediate between those
and ssp. maritima: Queensland: Townsville. E. Betche, 8.1901 (NSW

of ssp. subfalcata

54846); Townsville, H. H. Flecker, 8.8.1937
3.

(NSW

54874).

Lysiana exocabpi (Behr) Tiegh.

603; 42 (1895) 86; Dans., Bull Jard. Bot. Butt.. 10
Verh. Akad. Wet. Amst. afd. Natuurk., 29 (1933) 90; Engl. & Krause,
Pflanzenfam., 2, 16b (1935) 141; Barlow, Proc. Linn. Soc. N.S.W., 87 (1962) 51;
Loranthus exocarpi Behr, Linnaea, 20 (1847) 624; Benth., Fl. Austral.. 3 (1866) 392;

Bull. Soc. Bot. Fr.. 41

(1929)

(1894)

342;

Engl., Pflanzenfani.,

3,

(1889)

1

186;

Blakely, Proc. Linn. Soc. N.S.W., 50

(1925)

6;

Loranthus exocarpi Behr var. coccineus Miq., Ned. Kruidk. Archiv., 4 (1856) 105;
Loranthus angustifoUus R.Br, ex Benth., Fl. Austral., 3 (1866) 390; Dendrophthoe
angustifoUa Tiegh., Bull. Soc. Bot. Fr.. 42 (1895) 83; Elytranthe exocarpi Engl.,
Pflanzenfam... 3, 1 Nachtr. (1897) 126; Lorantlnis diamantinensis J. M. Black, Trans.
Roy. Soc. S. Aust.. 69 (1945) 309.

Young branches usually lenticulate. Leaves opposite, narrow linear to
flat or somewhat compressed when very narrow, wrinkled when

Glabrous.

oblong, often falcate,

rounded, acute or mucronate at the apex, the broader ones abruptly contracted
petiole, widest in the middle, 3-15 cm. long, O-l-l-O cm. wide; venation
obscure, pennate; lateral veins few, acute. Inflorescence an axillary, shortly pedunculate,
two- or three-flowered simple umbel; peduncle 0-5-3 mm. long; pedicel 2-5 mm. long.
Bract erect or somewhat spreading, rounded, 1-1-5 mm. long. Ovary cylindrical, 2-3 mm.
Calyx limb 0-3-0-7 mm. long, spreading, entire or irregularly
long, c. 1-5 mm. wide.
dry,

into

an obscure

Bud usually obtuse. Corolla split for § or i of its length on the concave side,
red or yellow at the base, black or green at the apex, 25-50 mm. long. Anther slightly
shorter than the free part of the filament. Stigma capitate, 1-.5-2 times as wide as the
lobed.

style.

Style usually articulate at the base.

black, 6-10

mm.

long (Fig.

3,

Type: Barossa, S.A.; H. H. Behr
Distribution:

Fruit elliptical to ovoid, truncate, red or

a-g).

(K— photo

BRIU).

in

Throughout temperate Australia except the south-west

of

Western

Australia (Fig. 2c).

Lysiana exocarpi is not characterized by any single feature, but the species is
sharply distinct from each of its congeners in one or more of the following characters:
the short, usually ovoid fruit without a nipple at the apex, the very short or obscure
common peduncle, the short, entire calyx and the linear or oblong leaves.

390.

less

—Loranthus

exocarpi Behr var. coccineus Miq., Ned. Kruidk.
Loranthus angustifoUus R.Br, ex Benth., Fl. Austral., 3 (1866)
More or less pendulous plants with sparse branching. Leaves lanceolate, more or
falcate, 5-10 cm. long, 0-4-1-0 cm. wide (Fig. 3, a-c).

(a)

ssp.

Archiv., 4

exocarpi.

(1856)

Distribution:

western)

105;

South Australia (south-eastern), Victoria,

Host plants:

A

large

number

South Wales (south-

A.

salicina.

A.

been recorded, and the usual host
Recorded hosts are: Acacia aneura,
homalophylla. A. melanoxylon, A.

of host species has

often varies from one local population to the next.
A. burkittii, A. calamifolia, A. dodonaeifolia, A.
retinodes,

New

(Pig. 2c).

tetragonophylla,

A.

victoriae,

Alyxia

buxifolia,

Amyema

miquelii, A. liendtilum. Bursaria s^nnosa, Cassia eremophila, C. sturtii, Casuarina cristata,

Chenopodiuni nitrariaceum. Citrus Union, Eremophila longifolia, E. sturtii,
Exocarpos aphyllus, E. cupressiformis, Fusanus acuniinatus, Geijera
parviflora, Hakea sp., Heterodendrum oleifoliuon, Lagunaria sp., Myoporum sp., Nerium
oleander, Nicotiana glauca, Olea europea, Pittosporum phillyraeoides, Templetonia egena.
C.

stricta,

Eucarya

sp.,

Specimens examined: The following of the 81 sheets examined illustrate the
characters and distribution of the typical subspecies: South Australia: GoolwaMilang, Hj. Eichler 17131, 4.2.1961 (AD 96109230); Berri, Hj. Eichler 12356, 11.4.1956
(AD 95904040). New South Wales: Narrandera, L. A. S. .Johnson, 25.5.1947 (NSW

—

—
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(NSW

54765);

You Yangs,

C. Walters,

54759).

(&) ssp. TENUIS (Blakely) B. A. Barlow, comb. nov.
tenuis Blakely, Proc. Linn. See. N.S.W., 50 (1925) 8.

branching.
(Fig.

Leaves linear,

flat

Loranthus exocarpi Behr var.
Pendulous plants with sparse
or somewhat compressed, 5-12 cm. long, 0-1-0-3 mm. wide

d-e).

3,

Type: Not seen.
Distribution:

Host plants:
C.

lueJimannii.

New

South Wales (northern) and Queensland (southern) (Fig. 2c).
The subspecies grows almost exclusively on Casuarina, usually on

It

has also been recorded on Casuarina

cristata,

C.

glauca. Acacia

oswaldii and Atalaya liemiglauca.

Specimens

examined:

The following

of

the

characters and distribution of the subspecies:
Plains. R. Story 7116, 19.3.1960

(NSW

54799).

(CANB

80071,

Queensland: Miles-Garulmundi,

examined

sheets

28

New South Wales:

NSW
C. T.

2

illustrate

mi.

W.

the

Jerry's

54722); Byrock, H. Deane, 3.1899

White &

L. J.

Webb,

3.6.1946

(BRI

032050).

Lysiana exocarpi ssp. tenuis differs from the typical subspecies in its narrow linear
and in its apparently limited host range. The variation in leaf width from ssp.
exocarpi to ssp. tenuis is distinctly clinal, and the morphological boundary between the
two subspecies is not clearly defined. L. exocartn ssp. tenuis is presumably the result
leaves

of increased specialization for parasitism of Casuarina.

Loranthus
(c) ssp. diamantinensis (J. M. Black) B. A. Barlow, comb, et stat. nov.
diamantinensis J. M. Black, Trans. Roy. Soc. 8. Aust., 69 (1945) 309. More or less erect,
divaricately branched plants. Mature leaves lanceolate or oblong, thick, wrinkled when
dry, sessile or abruptly contracted into an obscure petiole, 3-10 cm. long, 0-4-1-8 cm. wide
(Fig.

3,

f-g).

Type: Minnie Downs, S.A.
140, 1924

(AD

(c.

70 mi.

SSE. Birdsville,

Q.),

on Acacia

sp.,

L.

Reese

96042079).

Distribution: Western Australia (south-eastern), Northern Territory (southern),
South Australia (northern). New South Wales (western) and Queensland (southwestern) (Fig. 2c).
Host plants: The usual hosts are species of Acacia (A. aneura, A. calcicola, A.
farnesiana, A. kempeana, A. sessiliceps, A. tetragonopJiylla, A. victoriae).
Other host
records are: Amyema quandang, Atalaya hemiglauca, Cassia eremophila, Dodonaea
viscosa, Eremophila duttonii, E. latrobei, E. longifolia, E. paisleyi, Eucarya acuminata,
HaTcea intermedia, Heterodendrum oleifolium. PittosjJorum phillyraeoides, Santalum

lanceolatum.

Specimens examined: The following of the 82 sheets examined illustrate the
and distribution of the subspecies: Western Australia: Wongawol (L.
Carnegie), F. M. Bennett 183, 7.1941 (PERTH).
Northern Territory: 13 mi. NW.
Napperby, G. Chippendale, 17.5.1956 (NT 2060, BRI 032051, NSW 54742, PERTH);
Andado, R. L. Crocker, 4.6.1939 (AD 96104060). South Australia: 30 mi. NW. Kenmore
Park, D. E. Symon, 12.8.1962 (ADW 25425); Cordillo, J. B. Cleland. 29.5.1924 (AD
96104121, NSW 54748).
Queensland: Near Charleville, W. MacGillivray, 25.8.1923
(ADW 16510). New South Wales: 3 mi. W. Cal Lai, L. A. S. Johnson & E. F. Constable,
17.3.1959 (NSW 48439); Thurloo-Berawinia Downs. J. L. Boorman, 10.1912 (NSW
characters

54729).

diamantinensis differs from the typical subspecies in the
more erect, densely branched habit.
The variation in leaf characters from ssp. exocarpi to ssp. diamantinensis forms a
distinct but gradual cline, and the morphological boundary between the two subspecies
is not clearly defined.
A relatively large number of specimens has been observed
showing characters intermediate between the two clinal extremes.
The robust leaf
characters of ssp. diamantinensis are only seen in mature leaves, and many specimens
with young leaves only, which were also classified as intermediates, would have con-

Lysiana exocarpi

thick,

ssp.

broad, abruptly contracted leaves and the
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Ill,

Text-figure 3.
h, ssp.
a-g, Lysiana exocarpi.
u, ssp. exocarpi, portion of plant, x i
exocarpi, inflorescence, xl; c, ssp. exocarpi, fruit, y.l; d, ssp. tenuis, portion of plant, x h
e, ssp. tenuis, fruit, xl,
g, ssp. diamantinensis,
f, ssp. dia'inantinensis, portion of plant, x^
inflorescence, x 1.
of
h, L. casnarinae, portion of plant, x 2.
i, portion
i-l, L. Unearifolia.
plant, X i
fc^ young fruit, xl
m-p, L. murrayi. in, portion
I, fruit,
x 1.
j, inflorescence, x 1
of plant, X I n, inflorescence, x 1 o^, pedicel, showing wings, x 1 P;, fruit, x 1.
;

\

;

;

;

;

;

;

;

;
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diamantinensis in the mature state. Ssp. cliamantinensis
more arid environment.

is

presumably

the result of specialization for a

The following

of the

37 sheets

examined

illustrate the distribution of the inter-

mediate plants: South Australia: Buckleboo, K. D. Rohrlach 254, 14.3.1959 (AD
95924090); Mt. Lyndhurst, M. Koch, 4.1890 (AD 96104094). New South Wales: 45 mi.
E.

Broken

(AD

Hill, J. B. Cleland, 8.4.1917

NSW

96103213,

54737).

Lysiana casuarinae (Miq.) Tiegh.

4.

Bull. Soc. Bot. Fr.. 41

(1894)

601;

42

(1895)

86;

Dans., Bull. Jard. Bot. Buit., 10

Akad. Wet. Amst. afd. Natuurk., 29 (1933) 90; Barlow, Proc. Linn.
Soc. N.S.W., 87 (1962) 51; Loranthus casuarinae Miq., in Lehm., PI. Preiss., 1 (1844)
279 non Ridl. (1893); Blakely, Proc. Linn. Soc. N.S.W., 50 (1925) 5; Elytranthe
casuarinae Engl., Pflanzenfam.. 3, 1 Nachtr. (1897) 126.
Included in Loranthus lino(1929) 342;

pJiyllus

VerJi.

by Benth., Fl. Atistral.,
Leaves opposite,

Glabrous.

3

(1866)

393.

with a shortly mucronate apex, 4-5-9 cm.
pedunculate, two-flowered simple
umbel or reduced to a single flower; peduncle minute or up to 3 mm. long; pedicel
smooth, 5-12 mm. long. Bract triangular, rounded or acute at the apex, 1-2 mm. long.
Ovary c. 3 mm. long, wider at the apex. Calyx limb conspicuous, weakly toothed, 1 mm.
long. Corolla split to the middle or slightly lower on the concave side, red with a green
or yellow apex, 35-50 mm. long. Fruit ovoid, 8-10 mm. long (Fig. 37i)Type: Not seen.
long,

mm.

0-7-1-5

wide.

linear, terete,

Inflorescence

an

axillary,

Distribution: Western Australia (inland temperate) (Fig. M).
Host plants: The usual host is presumably Casuarina, but its only occurrence in

the very meagre host record

Other I'ecorded hosts are: Acacia aneura.
C. gla^ica.
Melaleuca sp.
Specimens examined: Western Australia: NW. of Wittenoom Gorge, K. Stewart,
9.1957 (PERTH); near Wittenoom Gorge, K. McMahon, 1952 (NSW 54689); Hammersley
Ra., P. McMillan, 1.1958 (PERTH); Yandil, W. E. Blackall, 9.1939 (PERTH); Mt.
Narryer, Upper Murchison, I. Tyson 82, 29.6.1903 (PERTH); Red Point, Murchison R.,
A. Oldfield (NSW 54703); Cue, W. D. Campbell, 6.1902 (PERTH); Ningham, Austin

Exocarpos

aj)hyllus,

Hakea

is

sp.,

C. A. Gardner 2213, 9.7.1931 (PERTH); Burtville Rd., T. N. Stoate, 23.4.1947
(PERTH); Pinda Bunna (PERTH); Glenorn, N. T. Burbidge (PERTH); 60 mi. NE.
Wubin, A. S. George 682, 15.4.1960 (PERTH); Comet Vale, J. T. Jutson (NSW 54702);
Bullfinch, H. R. Gray, 4.1925 (PERTH); 14 mi. NE. Wialki, G. M. Storr, 14.6.1959
(PERTH); Bencubbin, C. A. Gardner, 31.5.1922 (PERTH); Kalgoorlie, A. Meebold
11242, 6.1933 (AD 95633051); Cowcowing, M. Koch 999, 1904 (PERTH); 10 mi. S.
Minnivale, T. E. H. Aplin 408, 409, 20.4.1959 (PERTH); Peak Charles, Norseman, A. R.
Main, 20.5.1956 (PERTH); Burswood Is., A. Morrison 9505, 24.4.1899 (NSW 54705);
Perth, W. V. Fitzgerald, 3.1901 (NSW 54704) Without loc, C. A. Gardner 2239 (PERTH).

Distr.,

;

The

relationship of Lysiana casuarinae with L.

close

emphasized

(Mueller,

tiguous in distribution
constant, however, and

Blakely,

1860;

1925)

(Figs 2d, 4&).
its

terete

leaves of L. casuai'inae are quite

status as a distinct species quite certain.
5.

Bull. Soc. Bot. Fr., 41

The

exocarpi has already been
and the two species are apparently con-

Lysiana linearifolia Tiegh.

603; 42 (1895) 86; Dans., Bull. Jard. Bot. Buit., 10
Verh. Akad. Wet. Amst. afd. Natuurk., 29 (1933) 90; Barlow, Proc. Linn.
Soc. N.S.W., 87 (1962) 51; Loranthus linearifolius Hook., in Mitch., Journ. Exp. Trop.
Austral.. (1848) 102 non Bert.; Benth., Fl. Austral.. 3 (1866) 391; Loranthus mitchellianus Blakely, Proc. Linn. Soc. N.S.W., 50 (1925) 4.
Glabrous.
A pendulous shrub with slender, smooth branches. Leaves linear,
terete, shortly mucronate, 3-12 cm. long, 0-5-1-2 mm. wide.
Inflorescence an axillary,
pedunculate, two-flowered simple umbel; peduncle slender, flattened at the apex, 6-15 mm.
long; pedicel slender, angular, 6-20 mm. long. Bract small, acute, decurrent, c. 1 mm.

(1929)

long.

(1894)

342;

Ovary

3

mm.

long, 1-5

mm. wide

at the top,

narrower at the base.

Calyx limb

— —

—

—
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—

—

;

Ill,

0-5 mm. long.
Corolla only slightly curved, split almost to the middle
on the concave side, red with a green or yellow apex, 20-25 mm. long. Style conical
at the base; stigma capitate, 1-5-2 times as wide as the style. Fruit elliptical, 10-12 mm.
long, usually with a nipple left by the articulation of the style above the base (Fig. 3,

bluntly 6-toothed,

i-l).

Type: Not seen.
Inland New South Wales and Queensland, from Nyngan to the headwaters of the Thompson River (Fig. 2d).
Distribution:

Host plants: The usual hosts appear to be Flindersia maculosa. Eremophila
and Acacia (A. colletioides, A. excelsa)
Other host records are Apophyllum
anomalum, Capparis sp., Grevillea striata and Nerium oleander.
mitcJiellii

.

Specimens examined: Of the 38 specimens examined, the following illustrate the
and distribution of L. linearifolia: Queensland: Diainantina R., T. L.
Bancroft (BRI 036039, NSW 54688); 34 mi. NW. Longreach, D. Davidson 97, 22.4.1952
characters

h, summary map of distribution of
a, distribution of Lysiana murrayi.
oblique upward hatching- L. subfalcata
Vertical bars L. spathulata
oblique downward hatching- L. exocarpi horizontal hatching- L. casuarlnae horizontal bars
L. linearifolia
dotted L. murrayi.

Text-fig'ure

Lysiana

4.

species.

;

;

;

;

(BRI 036031, BRIU 163); Jericho,
South Wales: Louth, R. Etheridge,

(NSW

C. E.

New
7802, 20.2.1931 (BRI 036036).
54701); Nyngan, E. C. Chisholm 6.1922

Hubbard

7.1903

(NSW

54693).

Lysiana linearifolia is distinguished by the long, slender peduncle, the slender,
mucronate terete leaves, and the style, which is persistent on the fruit for some time
and has a distinctly conical base which remains as a nipple when the style finally
articulates.
6.

Bull. Sac. Bot. Fr., 41

(1929) 342;

Lysiana murrayi
(1894)

603;

42

(Tate)

(1895)

86;

Tiegh.
Dans., Bull. Jard. Bat. Buit., 10

Yerh. Akad. Wet. Amst. afd. Natuurk.. 29 (1933) 90; Barlow, Peoc. Linn.

Soc. N.S.W., 87 (1962) 51; Loranthns vutrrayi Tate, Trans. Roy. Soc. S. Aust., 6 (1883)

Linn. Soc. N.S.W., 50 (1925) 2; Elytrantlie murrayi Engl.,
Nachtr. (1897) 126; Loranthus miniatus S. Moore, J. Bot., 35 (1897)
170; Loranthus murrayi Tate var. parviflora S. Moore, /. Linn. Soc. 34 (1899) 225.
Blakely,

109;

Pftafizenfam.,

Proc.

3,

1

Glabrous, pendulous shrub.

Leaves opposite, alternate or clustered,

flat

or semi-

(even the narrowest ones more or less channelled above), linear to narrow
lanceolate or oblanceolate, acute, attenuate at the base, 2-5-6 cm. long, 1-3-5 mm. wide.
Inflorescence axillary, consisting of a single flower or a pair of flowers without a
common peduncle; pedicel slender at the base, much wider at the top, strongly winged
by the decurrent bract, 8-20 mm. long.
Bract conspicuous, spreading, membranous,
rounded, lobed or acute, 2-3 mm. long. Ovary cylindrical or slightly wider at the top,
2-3 mm. long. Calyx limb usually conspicuous, truncate or irregularly toothed. Corolla
terete
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slightly curved, split to about the middle, white, yellow or pink, usually 20-25 mm. long,
occasionally as little as 10 or up to 32 mm. long. Fruit globular, pink or red, 7-12 mm.

long (Fig. 3, m-p).
Type: Idyaka, near Leigh Creek, South Australia, on Acacia aneura, M. Murray
and R. Tate, 2.9.1883 (AD 96042082).
Distribution: Arid inland temperate regions of Western Australia, Northern Terri-

South Australia, New South Wales and Queensland (Fig. 4a).
Host plants: The usual host is Acacia aneura. Other host records are: Acacia
adsurgens, A. burkittii, A. kempeana, A. victoriae. Cassia desolata, Eremophila mitchellii
and Muehlenbeckia cunninghamii.
Specimens examined: The following of the 56 sheets examined illustrate the
characters and distribution of the species: Western Australia: Minnie Creek, N. B.
Tindale, 30.8.1935 (AD 96104021, AD 96104022); near Niagara, C. A. Gardner 7952a,

tory,

(PERTH).

Northerns- Territory: Pine Hill, J. B. Cleland, 23.8.1936 (AD
Ayers Rock, D. E. Symon, 14.6.1953 (ADW 9713); 26 mi. E. New Crown,
G. Chippendale, 5.9.1956 (NT 2811). South Australia: De Rose Hill, T. R. N. Lothian
360/1954 (AD 96103109); Woomera, A. H. Patterson, 25.7.1948 (ADW 6282). Queensland: Near Charleville, W. MacGillivray, 25.8.1923 (ADW 16505, BRI 036043, NSW
54709).
New South Wales: Puldramutta Bore, Wilcannia, P. Corbett, 9.1901 (NSW
19.10.1945

96042051);

54707).

Lysiana murrayi

which

pedicel,

is

is

distinguished by the absence of a peduncle and by the long

strongly winged by the large, membranous, decurrent bract.

and the globular

small, pale-coloured flowers

The

fruits are also distinctive characters.

Plants of Douhtful Position.

Apart from two hybrids described below, only two plants in more than 500 examined
do not conform with the general pattern of variation of one or other of the species
recognized.
These two are identical in appearance, and presumably have the same
origin, although their localities are more than 400 miles apart.
In inflorescence
characters the plants are identical with L. subfalcata, and in style and fruit characters
similar to L. linearifolia. The leaves are narrow, linear, about 6 cm. long, but are flat
or compressed, without a mucronate apex. Until more is known of the distribution and
variability of this form, whether it is another distinct taxon or of hybrid origin would
be completely speculative. The two plants are outside the known range of L. linearifolia.
Specimens examined:
032037,

NSW

Queensland: Stannary Hills, T. L. Bancroft, 4.1909 (BRI
NW. Rockhampton, A. B. Cribb, 27.5.1962 (BRIU 670).

150 mi.

54744);

Hybridization.
All species except L. casuarinae overlap the distributions of several others (Fig. 46),

but only two specimens of an apparently hybrid nature have been noted, so that the
species are apparently fairly effectively isolated.
Several authors (cf. Blakely, 1922;
Johri, Agrawal and Garg, 1957) have suggested that mistletoes are self-pollinated. The
two presumed hybrids are both between L. exocarpi and L. murrayi, and notes on the
labels indicate that in each case both parent species were growing on the one host.
The presumed hybrids have narrow, flat leaves, a short common peduncle, and long
pedicels with distinct ridges made by the decurrent bracts, which are conspicuous,
acute and almost as long as the ovary.

Specimens examined:

(CANB

South Australia: 59 mi. S. Emu, N. Forde
J. Murray 218, 6.8.1927 (AD 96104061).

521.

4.9.1956

76548): Arcoona, B.
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Chromosome Numbers and their Relationshh^s.

By

B. A.

Barlow, Department

of Botany, University of Queensland.

(Plate viii; two Text-figures.)

[Read 31st July, 1963.]
Synopsis.

Chromosome numbers are reported for 51 Australian species of Loranthaceae. The basic
numbers observed, viz., 14, 12, 11, 10 and 9, conform with the current generic limits, except in
Viscum.
Only one species (Viscum whitei, n = 20) is polyploid. Chromosome evolution has
involved progressive aneuploid reduction in basic chromosome number at the diploid level, and
has been independent in the two subfamilies Loranthoideae and Viscoideae,
views of those who treat them as separate families.

sixpporting-

the

Introduction.

The widespread family Loranthaceae has received considerable systematic and
experimental attention, primarily due to its hemiparasitic habit and highly modified
ovary structure. Two subfamilies, Loranthoideae and Viscoideae, have been recognized,
but some workers (Miers, 1851; Maheshwari, Johri and Dixit, 1957) have regarded the
differences between the two as sufficient to warrant their treatment as separate families.
Within the Loranthoideae a few distinct groups are apparent, and have been treated
variously as tribes or subtribes by Danser (1929, 1933).

These are:

Nuytsieae (terrestrial root-parasites, fruit dry and tripterous). The root-parasitic
habit and several-celled ovary indicate that it is primitive (Hamilton and Barlow,
1963; Narayana, 1958), but features of fruit structure and haustorial system indicate
that it is a specialized remnant of an ancestral group (Danser, 1933; Hamilton and
Barlow, 1963).
1.

Gaiadendrinae (terrestrial root parasites, fruit drupaceous). The root-parasitic
ovary and pollen structure show the group to be the most primitive
living Loranthoideae (Hamilton and Barlow, 1963; Garg, 1958).
2.

habit, several-celled

3.

Elytrantliinae (aerial parasites, fruit baccate, ovary with a rudimentary placenta

mamelon lobed by

the rudimentary ovules). This is apparently the most primitive
group of aerial Loranthaceae with respect to attachment structure, ovary structure and
geographical distribution (Maheshwari, Johri and Dixit, 1957; Danser, 1931).
or

4. Loranthinae
(aerial parasites, fruit baccate, mamelon simple or absent).
The
reduction of the ovary, attachment structure and geographical distribution indicate
that this is the most advanced group (Maheshwari, Johri and Dixit, 1957; Hamilton
and Barlow, 1963; Danser, 1931).
5.

Psittacanthinae (aerial parasites, fruit baccate, endosperm absent). The absence
sufficient to warrant the recognition of this group as
(cf. Macbride, 1937; Barlow, 1962).

endosperm is probably not
distinct from the previous one

of

Within the Viscoideae there are four distinct tribes, viz., Eremolepideae,
Phoradendreae, Arceuthobieae and Visceae, the distinguishing features being those
of anther structure and dehiscence. The phylogenetic relationships of these groups are
not clear, as all tribes show considerable specialization and reduction.
There are few chromosome number records available to supplement data from
other sources in considerations of phylogenetic relationships within the family.
The
previously reported numbers, set out in Table 1, include no records based on Australian
Proceedings of the Linnean Society of

New South Wales,

1963, Vol. Ixxxviii, Part
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and only one of the species listed, Yiscmn articulatum, occurs in Australia.
Since Australia is an important centre of diversity for the family, it was thought
that the chromosome numbers of the Australian forms may have some bearing on
theories of phylogeny.
material,

T.\£LE

1.

Previous Records of Chromosome Numbers

Genus and Species.

in the Loranthaceae.

2n

Authorities.

Subfamily LORANTHOIDEAE.
Tribe Loeanthbae.
Subtribe Elytranthinae.
12
12

Lepeostegeres gemmiflorus

Macrosolen coehinehinensis

24
24

Schaeppi and Steindl, 1942.
Schaeppi and Steindl, 1942.

Subtribe Loranthinae.

Phrygilanthus tetrandrus

12

Phrygilanthus verticillatus

12

Hunziker and Perez-Moreau, 1961.
Hunziker and PerezSchnack and Covas, 1947
Moreau, 1961.
Hunziker and Perez-Moreau, 1961.
Covas and Hunziker,
Schnack and Covas, 1947
Hunziker and Perez-Moreau, 1961.
1954
;

Phrygilanthus acutifolius
Phrygilanthus

flagellaris

;

;

Struthanihus angustifolius

16

Covas, 1949.

Bendrophthoe faleata
Dendrophthoe pentandra

18

Kumar and Abraham,

16
16

Rauch, 1936.
Johri, Agrawal and Garg, 1957.
Ranch, 1936.

18

Pienaar, 1952.

18
18

Pisek, 1924.

Helicanthes elastica

Scurrula atropurpurea

Tapinanthus rubromarginatus
Loranthus europaeus
.

Amyema

.

gravis

1942.

Schaeppi and Steindl, 1942.

Subtribe Psittacanthinab.

Schnack and Covas, 1947.

Psittacanthus cuneifolius
Psittacanthus auriculatus

King, 1961.
King, 1961.

10
10

Psittacanthus calyculatus

Subfamily Viscoideae.*
Tribe

Phoeadendreae.

Phoradendron flavescens

14

28

Baldwin and Speese, 1957.

Tribe Arceuthobieae.

Arceuthobium americanum
Arceuthobium oxycedri
.

14

Dowding, 1931.

13

Pisek, 1924.

Tribe Visceae.

Viscum articulatum
Viscum album
Viscum cruciatum
Viscum orientate
.

12

10

.

10

24
20
20

Steindl, 1935.

Pisek, 1923

;

Steindl, 1935.

Coutinho, 1957.
Schaeppi and Steindl, 1945.

Other inexact records are Dendrophthora opuntioides (2n = 18-22), D. gracilis (2n = 18-20) York, 1913 Korthal= 13-14), K. opuntia (n = 13-14), Viscum capitellatmn (n = 10-12) Schaeppi and Steindl. 1945. The
determination of n = 10 in Phoradendron macrophyllum and P. villosum by Billings (1932) has been doubted h)f Baldwin
*

;

;

sella dacrydii (n

and Speese

(1957).

Materials and Methods.
Chromosome number determinations have been made on

51

of

the

70

(approxi-

mately) Australian species, mainly from meiotic divisions in pollen mother cells. All
genera are represented except NototMxos, w^here technical difficulties w^ere encountered
(see below), and Xylochlamys which is only known from the type specimen collected
in 1910.
Fixation was carried out in acetic alcohol, storage in absolute alcohol and
staining in 0-5% aceto-carmine. A few determinations of somatic numbers were made
from young anther or young ovary tissue after maceration and staining in aceto-orcein
with 1% hydrochloric acid. Voucher specimens have been kept for most determinations,
and the herbaria in which they are deposited have been cited in Table 2 by the
abbreviations recommended in Index Herbariorum (Lanjouw and Stafleu, 1956).
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Text-figure 1.
Meiosis in species of
floribunda, diakinesis, n = 12. b, Atkinsonia
AI, n = 12, showing two larger bivalents.
Benthamina alyxifoUa, diakinesis, n = 9. /,
grandibractea, MI, n = 9.

subfamily Lorantlioideae.
All x 1280.
a, Nuytsia
ligustrina, diplotene, n = 12. c, Amylothcca signata,
d, Amylotheca dictyophleba, diakinesis, n = 12.
e,
Pilostigma sanguineum, diplotene, n = 9. g, Diplatia
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Table

IV,

2.

Chromosome Numbers in Australian Loranllmceae.

Genus

.nid Species.

Locality.

Siinfamily

Voucher.

Loeanthoibeae.

Tribe Nuytsieae.

Nedlands, W.A.
2 m. E. Kojarina, W.A.

Nuytsia floribunda (Labill.) R.Br.

c24

NSW

52386,

BRIU

6

BRIU
BRIU

7

BRIU
BRIU
BRIU
BRIU
BRIU
BRIU

8

Tribe Lorantheab.
Subtribe Gaiadendeinae.
Atkinsonia ligustrina (A. Cunn. ex

Mt. Wilson, N.S.W.
Mt. Wilson, N.S.W.

Lindl.) F. Muell.

12
12

672

Subtribe Elyteanthinae.
14 m.

Amylotheca brittenii (Blakely) Dans.
Amylotheca dictyophleba {¥. Muell.)

Pimpama

Tiegh.

Amylotheca signata (F. Muell.
Benth.) Dans.
Amylotheca sp.
Lysiana exocarpi (Behr) Tiegh.

Lysiana
Lysiana

S.

(F.

MueU.

Ck., Q.

Mainoru, N.T.
Tipperary, N.T.
10 m. N. Ingham, Q.
44 m. E. Condamine, Q.
16 m. N. Alice Springs, N.T.

ex

linearifolia Tiegh.

murrayi

Normanton, Q.

cl2

Tweed Heads, N.S.W.

and

24

12
12
12
24
12

24

9

1017
823
879
21

NT

7481
BRIU 12
NT 7476

15 m. E. CharleviUe, Q.
4 m. N. Alice Springs, N.T.

12

Palm

12

NT

12

BRIU
BRIU
BRIU
BRIU
BRIU

22
23
27

BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU

43
46
38

208
305
232
204
194

BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU

229
205
48
47
53
54
56
52

BRIU

57

BRIU
BRIU
BRIU
BRIU

828

c24

Tate) Tiegh.

I/yskma spathulata (Blakely) B. A.
Barlow
Lysiana subfalcata (Hook.) B. A.
Barlow

Valley, N.T.

5 m. W. Condamine, Q.
10 m. W. Oakey, Q.
22 m. E. CharleviUe, Q.
10 m. S. Gladstone, Q.
11 m. S. Mossman, Q.

Subtribe Loeanthinae.
Muellerina bidwillii (Benth.) B. A.

42 m.
15 m.

Barlow
Muellerina

celastroides

Roem. and

(Sieb.

ex

Schult.) Tiegh.

W. Warwick, Q.
W. Dalby, Q.

Cunningham's Gap, Q.
Burleigh, Q.

12

12
12
12

11

11
11
11

Fmgal, N.S.W.
Fingal, N.S.W.
6 m. S. Wiseman's Ferry, N.S.W.
5 m. S. Wiseman's Ferry, N.S.W.
20 m. N. Tamworth, N.S.W.

11
11»

11

Dendrophthoe homoplastica (Blakely)

Cotton Vale, Q.
Binnaburra, Q.
7 m. E. Herberton, Q.
20 m. E. CharleviUe, Q.
4 m. S. Gladstone, Q.
21 m. S.W. TownsviUe, Q.
8 m. S.W. TownsviUe, Q.

Dans.
Dendrophthoe

Acacia Ridge, Q.

9

W.

9

Muellerina eucalyptoides (DC.) B. A.

Barlow

B. A. Barlow

Dendrophthoe discolor
Dendrophthoe glabrescens (Blakely)
B. A. Barlow

vitellina

(F. Muell.)

5 m.

Tiegh.

Benthamina

alyxifolia (F. Muell. ex

Benth.) Tiegh.
Pilostigma

sanguineum

(F. Muell.)

Tiegh.

Giru, Q.

Beechmont, Q.
Kenmore, Q.
21 m. S.W. TownsviUe, Q.
4 m. S. Mossman, Q.
Near Katherine, N.T.
Kimberley Res. Stat., Wyndham,

11
11*
11

11
9
9
9
9
9

9
9

18
18

18
9
9

8355

16,

25

40
39
42
33
31
32
34
30

W.A.
Pilostigma whitei (Blakely)

B. A.

Chilverton, Q.

Dans.

17 m. S.W. Katherine, N.T.
10 m. S. CardweU, Q.

18

Barlow

Amyema
Amyema
Amyema

*

bervthamii (Blakely)

bifurcatum (Benth.) Tiegh.
cambagei (Blakely) Dans.

Nine

II

and one IV (Plate

viii,

m. W. Yelarbon, Q.
20 m. N. Brisbane, Q.
3

fig.

2).

9

9
9
9

63
133

134

1

—
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Chromosome Numbers in Australian Loranthaceae

Genus and

Species.

and

congener (Sieb. ex Schult.

f.)

Amyema

Tiegli.

coiispicuum (F. M. Bail.)

Dans.
ferruginiflorum

(W.

Fitzger.) Dans.

Amyema
Amyema
Amyema

(Blakely) Dans.

gaudichaudii (DC.) Tiegli.

gibberulum (Tate) Dans.
linophyllum (Fenzl) Tiegh.

Amyema lucasii (Blakely) Dans.
Amyema mackayetise (Blakely) Dans.
Amyema maidenii (Blakely) B. A.
Barlow

Amyema

miquelii (Lehm. ex Miq.)

Tiegh.

Amyema

miraculosum

Amyema obliquum
Amyema pendulum

(IMiq.)

Tiegh.

(Blakely) Dans.
(Sieb. ex Spreng.)

Tiegh.

Amyema quandang

(Lindl.) Tiegh.

— Continued.

Dans.

Amyema
Amyema
Amyema

thalassium B. A. Barlow
sp. 1
sp. 2

Diplatia furcata B. A. Barlow
Biplatia grandibractea (F. Muell.)
Tiegh.

9

9
9

m. N. Ingham, Q.

9
9

Mainoru, N.T.

9

Brisbane, Q.
Aratula, Q.

9

S.

Mossman, Q.

9
9

14 m. E. Inglewood, Q.
19 m. N. Alice Springs, Jf.T.

9

50 m. N. Boui-ke, N.S.W.
40 m. W. Warwick, Q.
Mt. Stui-t, Warwick. Q.
Darwin, JST.T.
17 m. S. BoggabiUa, Iv'.S.W.
15 m. W. Mitchell, Q.
12 m. B. Charle^'iUe, Q.
4 m. N. Alice Springs, N.T.
Pahn Valley, N.T.

9

Brookfield, Q.
Enoggera, Q.

9
9

9t
9

9
9

18
9
9
9

Kenmore, Q.

9

9
9
9
9
9

9*

9
9
9

9
9

Wallaville, Q.

9

14 m. E. Dalby, Q.
46 m. E. Roma, Q.

9

105,

104
110
109
108
88
89
1016
216,

62
64
52387
BRIU 77
BRIU 93
NT 7478
BRIU 137
BRIU 138
BRIU 86
BRIU 834
BRIU 90
BRIU 100
BRIU 101
NT 7477
NT 8357
BRIU 70
BRIU 66

BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU

9

Darwin, N.T.
Mainoru, N.T.
Mainoru, N.T.

112
113

NSW

9

Acacia Eidge, Q.
44 ni. W. Warwick, Q.
44 m. W. Warwick, Q.
4 m. S. CharleviUe, Q.
13 m. S. Darwin, N.T.
12 m. S. Wiseman's Ferry, N.S.W.
14 m. W. Bathurst, N.S.W.
27 m. N.W. Collarenebri, N.S.W.
3 m. N. Wallangarra, Q.

m. W. Condamine, Q.
10 m. S. Kingaroy, Q.
4 m. S. Atherton, Q.
11 m. N. Cairns, Q.

BRIU
BRIU
BRIU

9

Near Katherine, N.T.
26 m. E. Geraldton, W.A.

5

Amyema. queenslandicum (Blakely)

9

9

Gladfleld, Q.

12 m. S. Mossman, Q.

BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU
BRIU

9

9

Brisbane, Q.

13 m.

Amyema fitzgeraldii

Voucher.

Acacia Ridge, Q.
Beerwah, Q.
Mt. Start, Warwick, Q.
10 m. W. Oake5^ Q.
4 m. N.E. Iferang, Q.

9

Amyema

— Continued.

Locality.

Subfamily Loranthoideae.

Amyema
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9
9

9

71

123
127
821
74
75
78
81
80
79
130
129
936
323
1018
293
141
142

Subfamily Viscoideae.
Tribe

Phoradendreae.

Korthalsella breviarticulata

(Tiegh.)

BRIU

Gladfleld, Q.

Dans.
Kwthalsella opuntia (Thunb.) MerriU

Mt. Glorious, Q.

14

Acacia Ridge, Q.
11 m. N. Cairns, Q.
5 m. S. WallaviUe, Q.
Berrimah, Darwin, N.T.

12

BRIU

145

Tribe Visceae.

Viscum articulatum Burm. f.
Viscum peduneulatum B. A. Barlow
Viscum whitei Blakely
Viscum sp.

t

Inversion bridge

t

Seven

II

and fragment

and one IV.

at AI.

11
20

10

22

BRIU
BRIU
BRIU
BRIU

157
183
98

1110
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The author
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indebted to the following for providing the undermentioned material:
New South Wales, for
52386 and
52387; Mr. W. J. Peacock, Botany Department, University of Sydney, for
BRIU 672; Mr. S. H. James, Botany Department, University of Western Australia,
for material of Nuytsia floribunda; Miss H. Dodd, Mainoru, Northern Territory, for
BRIU 323; Mr. G. Chippendale, Northern Territory Administration, Alice Springs, for
is

NSW

Dr. Barbara G. Briggs, National He,rbarium of

NSW

NT 7476, NT 7477, NT 7478, NT 7481, NT
Territory

Administration,

Kimberley Research

Station, via

8355 and

NT

Mr. W. Curteis, Northern
64;
and the Manager,

8357;

BRIU 56 and BRIU
Wyndham, for BRIU 52.

Darwin,

for
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%
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Text-figure 2.
Meiosis in species of subfamily Viscoideae.
opuntia, diplotene, n = 14.
h, Viscuni articulatum, MI, n = 12.
Viscum whitei, diakinesis, n = 20.

All
c,

x 1280.

Viscuni

sp.,

«. KorthalseUa
MI, n = 10. d,

Observations.
(a)

Chromosome numbers.

The chromosome numbers determined are

set out

in

Table 2, in which the species have been arranged according to the classification of
Australian species proposed in Part I of this series (Barlow, 1962), and representative
configurations are illustrated in the text-figures and in Plate viii.
Numbers for the
species of Notothixos have not been included, as dense accumulations of starch grains
have prevented accurate determinations, but the gametic number in the genus is

probably

12.
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There are five basic numbers represented in the Australian species, viz., 14, 12, 11,.
and 9, and the basic number for each genus has been found to be constant except
in Viscum, where numbers of 12, 11 and 10 occur.
Polyploidy is apparently very rare,
being entirely lacking in the Loranthoideae examined, and recorded only once in the
Viscoideae {Viscum whitei).
A second tetraploid species of Viscum, occurs in New
Guinea (unpublished data).
10

Chromosome

sizes. The chromosomes in some genera, viz., Amylotheca, Lysiana,
and Viscum, are very large, and compare with those of Viscum
cruciatum, which are as large as any in the plant kingdom (Coutinho, 1957).
The
chromosomes in Nuytsia, Atkinsonia, Muellerina and Dendrophthoe are distinctly smaller,
while those of Pilostigma, Benthamina and Korthalsella are more or less intermediate
(Text-figs 1 and 2; Plate viii).
Chromosome size in each genus is rather uniform for
the species examined, except in Amylotheca, where A. dictyophleba and Amylotheca sp.
have larger chromosomes than A. signata and A. drittenii (Text-figs Ic, d).

(6)

Amyema,

Diplatia

Within a genome chromosome

size is relatively constant, but in several cases

or two distinctly larger or smaller bivalents

Plate

viii, figs

3,

may

be recognized

(Text-figs

2c,

d,

one
f;

4).

In subfamily Loranthoideae all chromosomes appear to
(c) Chrotnosome shapes.
In the Viscoideae both Korthalsella and Viscum,
be metacentric or submetacentric.
have genomes with one or more chromosomes with subterminal centromeres (Text-figs
2a. b, d).

Discussion.
(a) Basic

numbers and taxonomic status

of the subfamilies.

As

indicated above, only

and according to these
the most primitive tribes are the Nuytsieae and Gaiadendrinae (Danser, 1933).
have a basic number of 12, and this number is also constant in the Elytranthinae,
is apparently the most primitive tribe of aerial parasites.
There can be little
therefore, that the basic number of the Loranthoideae is x = 12, and that evolution
higher forms has been associated with progressive reduction in basic number

in the Loranthoideae have phylogenetic trends been recognized,

views

These
which
doubt,
of the
to

X =

8.

and
The occurrence of a haploid number of 14 in two
of the tribes suggests that the basic number of the subfamily may be different from
that of the Loranthoideae, and that chromosome evolution in the two groups may have
been quite independent. This argument provides a small measure of support for the
recognition of the two groups as separate families on other grounds (Miers, 1851;
Maheshwari, Johri and Dixit, 1957), even though there is an obvious similarity in the
unusually large chromosomes of some genera. Since the chromosomes are in general
smallest in the most primitive genera (Atkinsonia, Nuytsia) and largest in the most
specialized {Lysiana, Diplatia, Viscum), it is apparent that chromosome evolution has
favoured an increase in chromosome size, a trend which has been recognized in other
angiosperm families (Stebbins, 1950).
The very large chromosomes in the two subfamilies may thus be the result of parallel development, and the selection pressure
responsible may be associated in some way with their habit and reproductive system.

The numbers

in the

more

specialized subfamily Viscoideae are slightly higher,

their relationships are not clear.

Chromosome numbers have little
(6) Status of the tribes of Loranthoideae.
bearing on the tribal status of the presumably relic Nuytsieae and Gaiadendrinae but
their distribution in the larger, derived tribes may be considered.
Maheshwari, Johri
and Dixit (1957) have demonstrated several stages in reduction and elimination of
ovules and placenta, and it is thus possible that this sequence may have occurred more
than once.
Under these conditions the derived tribes would include forms produced
through parallel or convergent trends, and would be artificial groups. The constancy
of the haploid number 12 in the tribe Elytranthinae, however, supports the view that
it is a natural group, as it is unlikely that aneuploid changes would occur in the latter
stages of the evolutionary radiation and not in the earlier ones. The variety of haploid
numbers in the Loranthinae reflects the diversity of the group and the various levels
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which have been reached. The genera w^hich show the most primitive
characters (Phrygilanthus in part, Muellerina) have the higher basic numbers, and the
of specialization

highly specialized genera (Amyevia. Diplatia) have the lower ones, so that there have
probably been progressive aneuploid reduction series.
(c) Bearing of chromosome numbers and sizes on the status of certain genera.
As
a whole the chromosome numbers conform with the generic limits without supporting
them strongly, as the individual basic numbers are often constant through adjacent
groups (cf. subtribe Elytranthinae). Chromosome sizes, however, are apparently mostly
characteristic of genera, and when considered in conjunction with the basic numbers
provide more support for the generic limits recognized (cf. Dendrophthoe. Benthamina,
Pilosiigma)
The differences in basic number and chromosome size support the maintenance of Muellerina and the American Phrygilanthus as separate genera (cf. Covas
and Hunziker, 1954; Barlow, 1962). The pattern of variation in chromosome size in
Amylotheca is correlated with several morphological discontinuities, and may be a useful
guide in investigations of the taxonomic status of the group.
.

When
viz.,

all of the available numbers are considered, however, there are three genera,
Phrygilanthus. Dendrophthoe and Yiscum. in which more than one basic number

In the large and widespread genus Dendrojihthoe the numbers 9 and 8 imply
a long history of genome change, which has possibly reached a higher level in some
of the species, so that the numbers do not reflect an unsatisfactory taxonomic arrangement. In Phrygilanthus, however, the numbers 12 and 8 suggest that the genus includes
at least two distinct species complexes and there are some morphological characters
which support this view (Barlow, 1962). Phrygilanthus is probably a reservoir for
several taxa which appear superficially similar through their retention of some primitive
anther and inflorescence characters. Yiscum. on the other hand, is so highly specialized
that there are few external characters Avhich have taxonomic value, and the numbers
12, 11 and 10 indicate that several more or less distinct groups may be included in
occurs.

this genus.

The distribution

of

chromosome numbers

in

Yiscum conforms with the

division of the genus into species groups proposed by Danser (1941).
{d)

Frequency

of

polyploidy.

In comparison with families of similar size

and

unusually low.
In
particular, its absence from the Loranthoideae suggests that the unique features of
habit and breeding system in the subfamily are restricting the establishment of
distribution,

the frequency of polyploidy in the Loranthaceae

is

polyploid forms.

The occurrence and spread

of polyploidy has been attributed to several factors.
authors have observed that polyploidy is more frequent in species with efficient
means of vegetative reproduction, presumably because this permits them to survive the
"bottleneck" of partial sterility associated with the early stages (Stebbins, 1950). The
mistletoes, with their specialized absorptive system, are entirely without means of
vegetative reproduction. Gustafsson (1948) has drawn attention to the high proportion
of polyploidy in several outbreeding angiosperm groups, and its absence in several
inbreeding groups, and suggested that inbreeding restricts the origin of polyploidy.
In several species of Loranthoideae the flowers have been reported as cleistogamous

Many

(Blakely, 1922; Johri, Agrawal and Garg, 1957), and further observations may show
a high degree of inbreeding in the subfamily. In the Viscoideae, where some polyploidy
has been observed, the unisexual flowers indicate that outbreeding may be usual.
It
has also been suggested that polyploidy is more likely to occur in genera which have
reached an advanced stage of specific differentiation, as sterility in alloploids is higher

where the diploid progenitors still have similar genomes (Clausen, Keck and Hiesey,
1945). The taxonomic difficulty in many genera of Loranthaceae indicates that in many
cases this stage has not been reached.

The most important external factor influencing the occurrence of polyploidy is
probably the availability of new ecological niches (Stebbins, 1950).
Without these,
new polyploids would be forced to compete with adapted diploids, and would be at a
strong disadvantage.
The highly specialized and restricted life form of the mistletoe
does not appear to offer many opportunities to enter new niches, so that the opportunity

— —
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for the establishment of polyploids is correspondingly reduced.

Loranthaceae, therefore, is that in the case of each factor which
on the Incidence of polyploidy, the opportunity is low.

The situation

may have some

in the
bearing

Chromosome evolution of the Loranthaceae in the Australian flora. A common
of chromosome evolution has been demonstrated in several ancient, woody

(e)

pattern

families of the Australian flora

(Smith-White, 1954, 1959;

Rao, 1957;

Barlow, 1959).

The extra-Australian subfamilies or tribes of these families are relatively constant in
chromosome number, while there is a great diversity in basic number at the generic
the Australian groups.

This has been associated with a low intensity of
Tertiary evolutionary radiation in Australia of these
immigrant stocks, allowing considerable aneuploid variation, followed by more intense
selection as the niches were filled, fixing the new basic numbers.
level

in

during

selection

the

early

The chromosome numbers in the Loranthaceae obviously do not conform with this
and it is apparent that the family has not had a similar Australian history.
Only half of the Australian genera are endemic, and these are monotypic or small,
and presumably young (except the relic Nuytsia and Atkinsonia)
Their chromosome
numbers are the same as their non-endemic or extra-Australian relatives. Most of the
differentiation in the family has probably occurred to the north of Australia, and the
Australian forms are relatively recent arrivals which have evolved under conditions
pattern,

.

of intense selection.
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A NEW QUADRACEPS (MALLOPHAGA, ISCHNOCERA) PARASITIZING
SHEATHBILLS (GHIONIS).
By G. TiMMEEMANN, Hamburg.
(Communicated by Dr. I. M. Mackerras.)
one Text-figure.)
[Read 31st July, 1963.]

(Plate ix;

I
recently received for examination a number of specimens of Quadraceps
(Mallophaga) from Chionis, collected by Mr. P. S. Young during the 1950 Australian
National Antarctic Research Expedition to Heard Island.
About ten years ago
(Timmermann, 1952, 1953) I gave a first report on Mallophaga of the genera Saemundssonia and Quadraceps found on Chionis.
On this occasion I showed that no direct
conclusion could be drawn regarding the systematic position of the host, because the
Mallophaga were in both cases obviously secondarily acquired species, namely Saemundssonia lari and Quadraceps ornatus; these are both common and widely distributed on
gulls and also in other cases known for straggling.
"In spite of the fact that each
species has already developed a weakly marked form on Chionis (Saemunds sonia lari
australis Tim. and a population quite close to Quadraceps ornatus antarcticus Tim.,
respectively) I do not doubt seriously that here we find ourselves confronted with the
result of a relatively recent secondary infestation by gull parasites.
The original
mallophagan population of Chionis must have been different" (Timmermann, 1953). I
have adhered to this opinion since (Timmermann, 1955, 1957), but at the same time
conceded the possibility that the occurrence of Saemundssonia lari and Quadraceps
ornatus on Chionis might suggest a relationship between gulls and sheathbills in so far
as the environmental conditions provided by the body of the hosts might be similar,
due to the hosts' common origin; this could have facilitated the establishment of the
parasites on Chionis.
Cases of such "re-settlements", in which nearly related but
phylogenetically much younger and more successful parasites compete with their
archaic relatives and replace them on their host groups, are obviously widespread, and
are known not only from Mallophaga but also from Trematoda (Szidat, 1956).
In 1954, Seguy described Actornithophilus pauliani from Chionis minor, which is,
unlike the two species named above, not a gull parasite, but a true parasite of waders.
According to Clay (1962) this species is near A. hoplopteri (Mjoberg) from the Spurwinged Plover and other related species. This might suggest that A. pauliani is perhaps
a secondary acquisition from a member of the South American Charadriidae.
Unfortunately, the Mallophaga of this host group have not yet been sufficiently studied to
supply any direct evidence. No species of Austromenopon have so far been found on

Chionis.

This being the state of affairs, it was of considerable interest to receive these
specimens of a new species of Quadracaps from Chionis minor nasicornis for examination, as they might possibly represent the true Quadraceps of the sheathbills.
At all
events, the assumption that this new Quadraceps is no casual straggler, but a species
permanently established on sheathbills, is supported by the fact that a single specimen
of the species in question, now in the Waterston Collection of the British Museum, had
already been collected 75 years ago on Chionis minor by the Challenger Expedition.

Quadraceps vaginalis, n. sp.
Type Host: Chionis minor nasicornis Reichenow.
The body is a bright yellowish-brown colour, and has a darker marginal pattern
(PI. ix). The head is relatively large, pronouncedly heart-shaped; the foremost, hyaline
part of the clypeus projects somewhat abruptly between the two premarginal carinae;
the occipital margin is weakly concave. The outline of the male abdomen is rounded.
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more elongated.

that of the female

contour, that of the female

is

The

last

segment

of the

male has a semicircular

ihedianly notched and ends in two blunt points.

The

dark segmental spots of the abdominal border are drop-shaped in the males, and rounded
in the females.
Details of the condition of the body covering and the chaetotaxy
cannot be given because of the bad condition of the material (originally preserved in
formaldehyde?). The soft and weakly sclerotized male genitalia (Text-fig. 1) represent
a type which is similar to those found in a number of other species of Quadraceps.

Pig.

1.

Quadraceps vaginalis,

n.

sp.

from Chionis minor nasicornis, male

genitalia.

The paramers are weakly curved and taper more sti^ongly terminally. The endomeral
complex (mesosome) is of longish shape, about three-fourths as long as the paramers,
and ends distally in a tube-shaped, laterally extended structure, not unlike a twopointed corolla, out of which the short penis and its accompanying support ( ? hypomeron
of Waterston, 1915) projects like a

kind of

pistil.

Measurements.

Sex,

Number

of

Specimens
Measured.

SS

(6)

9?

(3)

Breadth of
Head,
(mm.)

Length of
Head,
(mm.)

0-32-0-36
0-36-0-38

0-40-0-43
0-45-0-47

Total
Length,

(mm.)

Length of
Male

Length of

Genitalia.

Paramers.

(mm.)

(mm.)

0-31-0-34

1-21-1-37
1-53-1-60

0-14

Holotype male and allotype female from Chionis minor nasicornis Reichenow, Heard

Commonwealth Scientific and Industrial
Research Organization, Division of Entomology Museum, Canberra, Australia. Paratypes:
10 J', 2 5 with the same data, and 1 c^ in the Waterston Collection of the British Museum
(Natural History) from Marion Island.
Island, 8.VI.1950, H./50/In/l, deposited in the
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(Communicated by Prof. R. L. Crocker.)
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(Plates x-xi.)

[Read 31st July, 1963.]

Synopsis.

The vegetational relationships between forest communities characterized by the presence of
blackbutt (E. pilularis) and the white mahoganies (.B. acmenioides, E. umbra), and the
relationship of each to rainforest are described.
If blackbutt is divorced from consideration, the distribution of members of the Renantherae
in east coast forests would be in substantial agreement with the principle that interbreedingIn contrast, distribution of blackbutt is
species occupy distinctly different ecological habitats.
best illustrated as one superimposed on the distinctive habitat situations of each of the other

Throughout their common range the renantherous species blackbutt and white
are frequently sharply delineated, but in other situations there may be a considerable
degree of cohabitation.
Renantherae.

mahogany

From its optimum habitat, wherein it reaches high levels of ecological "importance",
blackbutt's vegetational gradient can be regarded as moving in two directions, towards dry
Within the E. acmenioides community a vegetational
sclerophyll and towards rainforest.
gradient can be established from marginal rainforest to open sclerophyllous situations, and at
this stage E. umbra is considered to replace E. acmenioides and the gradient continue to quite
depauperate dry sclerophyll.

Along the environmental gradient towards rainforest, the upper limit of blackbutt'sno
tolerance is considered to be well below that necessary for true rainforest formation
direct transition from blackbutt to rainforest can be evidenced along a moderate and uniform
environmental gradient.
Nevertheless a large number of characteristic rainforest element
species with a broad habitat tolerance may form a secondary stratum to emergent blackbutt.
On the oth«r hand, E. acmenioides forest may merge directly with true rainforest formation.
;

The relationship between sclerophyll and rainforest

is

regarded as a continuum expressing

a sensitive adaptation to environment.

Introduction.

The

coastal forests of south-eastern Australia are often characterized by a changing

mosaic of eucalypt species associations and a complex relationship of eucalypt-sclerophyll
and rainforest. Under conditions of uniform parent material this may be associated
with changes in environment produced through the interaction of factors affecting soil
depth, levels of soil moisture, nutrient status, shelter and exposure. A complex environmental pattern may be produced by minor changes in slope, aspect, interposition of
subsidiary spurs, etc., producing a forest in which a number of combinations of species
may be present although a broad correlation with topography may be fairly readily
apparent.
Since the advent of man the delicate species balance in these forests may
have been upset by a great many factors for example, selective loggings, protection
from or increased intensity of firing, and grazing.

—

Although there are

in the literature

some valuable descriptions

of vegetation, it is

apparent that ecological studies concerned with eucalypt-sclerophyll have generally
been too localized to lead to any broad understanding of species and community relationships.
This was well appreciated by Eraser and Vickery (1939) in their study of the
These writers were
eucalypt and rainforest communities of the Barrington Tops.
*
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concerned by the "fragmentary" nature of the occurrence of eucalypt species associations, and thought it unlikely that a complete understanding of the association would
"be reached until ecological surveys of many more areas were available.
In this study vegetational pattern has been examined in forest communities
characterized respectively by the presence of blackbutt {E. pilularis^) and the white
mahoganies (E. acmenioides and E. umhra"-). These species belong to the interbreeding
group Renantherae and their ranges are co-extensive from about Sydney to the northern
extremity of blackbutt's range in southern Queensland. A study of vegetational pattern
in these communities seemed to be particularly worthwhile, for a number of reasons.
(

of

i

)

Blackbutt and white mahogany forest communities constitute a high proportion
forest land in eastern Australia and are co-extensive over a wide geographic

managed

range.
(ii) The study would permit an examination of species relationships in terms of
the criterion that interbreeding (eucalypt) species occupy distinctly different ecological

situations (Pryor, 1953, 1959).
(iii) An examination of vegetational pattern in blackbutt and white mahogany
communities would necessarily incorporate an investigation of the relationship of each

to rainforest.

Methods.
Because of the complex nature of much of the forest, the lack of forest in virgin
condition, and the widely variable logging, fire and grazing histories, early attempts at
random sampling of vegetation were abandoned. Instead the vegetation was sampled
in a series of subjectively determined sites in forests from Coopernook (15 miles north
of Taree, N.S.W.) to the Blackall Range (80 miles north of Brisbane, Q'ld.). Selection
of sampling sites was made in the following way:
(i)
After extensive examination of a forest area, a number of sites apparently
representative of the total vegetational variation were selected.

(ii)
Because of the pronounced effects of habitat variation, it was not possible
for a sampling area to be of predetermined shape or size if the determined composition
"were to be representative of an average condition over a reasonable area.

(iii) Sampling was restricted to stands in which some measure of comparability
as regards past history existed. Vegetation analyses were not made on sites that had
I)een subjected to recent firing or logging.

Sampling was by the "random pairs" technique and the procedure used
that of Cottam and Curtis (1949). This method establishes an average distance
trees by measuring the distance between pairs of randomly selected trees in
Only trees over 12" girth at a height of 4' 3" were recorded by this procedure.

followed

between
a stand.
At each

sampling point the understorey was recorded by listing species present in a circle of
radius; taller understorey species (e.g., Acacia sp., Casuarina sp.) outside this
circle were recorded if a portion of their crowns covered the circle.
Relative contribution of dominsnt species to a community is expressed as ecological
"importance" (Lindsey, 1956), and for each species this index is compounded of (i)
dominance or cover expressed as basal area, (ii) density numerical representation,
and (iii) frequency of occurrence throughout the community.
Understorey vegetation is expressed in terms of frequency occurrence of each
species, that is, as a percentage of the circular quadrats in which each species occurs.
Species with a frequency occurrence greater than 25% have been adequate for characterizing the communities; with a few exceptions the often large number of species
occurring in less than 25% of the circular quadrats are not recorded in this paper.

4'

—

1 Authority of species referred to:
Blalcely (1934) except where otherwise
(a) eucalypts
stated; (b) other species: as listed in Appendix I.
^ In
his "Icey", Blaltely (1934) refers to tliree distinct species of white mahogany as
JB. triantha, E. carnea and E. umhra, but the "group" is regarded by Blake (1957) as consisting
of two species, E. acmenioides Schau. and E. umbra. Blake's terminology is used in this paper.
:

.
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Resxtlts.
I.

The optimum habitat

The Blackbutt Community.

for a species

may

be considered as that wlierein

greatest degree of ecological "importance".
for example, the highest values recorded

the only other species present

were

91,

was tallowwood

its

87

and

83,

and

in these

communities

{E. viicrocorys)}

From the optimum habitat blackbutt's vegetational gradient
(i) towards dry sclerophyll and
ceeding in two directions
(ii)

—

(i)

reaches

it

In the analyses of blackbutt communities-

regarded as protowards rainforest.^

is

Vegetational gradient towards dry sclerophyll.

The composition of communities along this gradient
(dominants) and 2 (understorey composition).

is

illustrated

in

Tables

1

In Table 1 the communities are arranged in order of descending "importance"
value of blackbutt; for each community the "importance" values of associated species
are listed below that of blackbutt. In view of previous discussion of characteristics of

sampling

only species with an "importance" value of 8 or more have been listed;
and more clearly defined vegetational gradient to be illustrated.

sites,

this permits a sharper

Table

1.

from Optimum Blackbutt Habitat Towards Dry Sclerophyll. Composition of each
contained within each vertical column. Communities are arranged in descending order of blackbutt

Vegetational Gradient

community

is

Species.

E. pilularis
E. microcoryg
E. gummifera
E. resinifera
Syncarpia glomulifera
E. urnbra
E. decepta
.

.

.

Angophora

Species " Tniportunee " Values.

91 87 83 76 76 72 65 63 62 60 60 60 58 51 47 43
9 11 13 13 14 22
13 4 10 12 23
16 11
10
11 13 20
15 25 10
14
13 11 12
28
10
15
9

8

12

costata

E. trachyphloia
Tristania conferta

E. propinqua

9

14

10
10

41 38 36 17
16
13 10 10 14
20
10
8
18 15 34
14 8
9

12
15 22

Decreasing "importance" of blackbutt (E. pilularis) is associated in the first place
with the introduction into the virtually pure E. pilularis, or E. pilularis and E.
microcorys forest, of red bloodwood (E. gummifera), red mahogany {E. resinifejm) and
turpentine (Syncarpia glomulifera).
From this point in the gradient the blackbutt
community is characterized by an extensive co-occurrence with the renantherous white
mahogany (E. umbra). This is not just a marginal phenomenon, but the species may
cohabit over considerable areas. E. umbra may occur as an occasional dominant, but
more typically assumes a position codominant or intermediate to the vigorously
dominant E. pilularis.
At the base of the gradient the site becomes marginal for
E. pilularis, and E. umbra assumes the position of greatest "importance" in the stand.
The relative dominance of E. pilularis and E. umbra is, however, not reversed on the
marginal E. pilularis site. Such stands may be characterized by a patchiness in which
occasional groups of E. pilularis may be dominant, with the E. umbra continuing to
occupy the subordinate position.

Though E. microcorys has always been treated as belonging- to the Renantherae (Blakely,
there is some doubt concerning its position in the systematic arrangement.
Gauba
and Pryor (1958) found that the seed of E. microcorys was distinguished from the normal
renantherous type in the seed coat anatomy, and Carr and Carr (1959) thought it should be
1

1934),

placed in Blakely's series Transversae of the Macrantherae.
In spite of its widespread occurrence in virtually all coastal eucalypt forests, no evidence of hybridization has been found.
^ In this text,
"rainforest" refers specifically to a closed
Tristania and Syncarpia emergents are absent.

community from which eucalypt,
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where E. umbra reaches recordable "importance" other
Most common of these are grey ironbark (E. deceptaV

and grey gum {E. propinqua). In the gradient as illustrated E. propinqua has reached
recordable "importance" only at its base, but this species may be seen as an occasional
tree at much higher points in the gradient.

An

apparent inconsistency in Table

1

is

the occurrence of brush-box

(Tristania

conferta) at a low position in the gradient, and having as associates E. umbra and the
This community was sampled in Cooloolabin State
grey ironbark E. drepanophylla.

Forest near the northern extremity of blackbutt's range. It is apparent that the habitat
amplitudes of brush-box, turpentine, and a number of rainforest element species are
Nevertheless some of the occurconsiderably wider in the more northerly situation.
For example, despite the fact
rences of brush-box present something of a paradox.
that it is most characteristic as a tree of considerable size on rainforest margins, and
is notably absent from most southern blackbutt forests, it occurs as a small sapling in
considerable quantity in the
butt gradient in Table

Manning River community

at the very base of the black-

1.

In Table 2 the gradient in understorey composition
in blackbutt "importance".

Optimum blackbutt

is

correlated with the gradient

habitats are characterized by a dense

ground vegetation of the Pteridophytes bracken (Pteridium aquilinum) and Culcita
duMa, and blady grass (Iinperata cylindrica). In establishing frequency levels, Pteridium,
and Culcita are grouped, because one replaces the other in localized moister or sheltered
habitats, even though no other floristic change may be apparent; this transition occurs
at all points in the gradient where Pteridium is present.
Apart from PteridiumImperata in optimum habitats, the understorey is typically restricted in both density
and number of species occurring. Down the gradient to that point where E. gummifera
and E. resinifera are recorded in the community, the understorey is free of grasses
more characteristic of lower points in the gradient e.g., Themeda australis and
In the community with importance values E. pilularis 58, E.
Entolasia stricta.
gummifera 25 and E. resinifera 15, Themeda and Entolasia share with Pteridium a
With E. umbra an increasing community component,
75% frequency occurrence.
Pteridium and Imperata become relegated to lower frequency levels, and Themeda
becomes the principal understorey element. At the base of the gradient in the marginal
E. pilularis community a number of coarse grasses including Echinopogon caespitosus
have replaced Themeda; these grasses are typically very patchy, and may alternate with
bare soil and litter patches. Two blackbutt stands along the gradient to dry sclerophyll

—

are illustrated (PI.

x, figs 1,

2).

In stands of high blackbutt "importance" the total

may

number

of species occurring

For example, in a mature blackbutt community at
Coopernook, apart from Pteridium and Imperata, and scattered or locally grouped Acacia
longifolia, the only other species with a greater than 25% frequency were two vines
(Rubus parvifolius and Hibbertia scandens) and a shrub (Glochidion ferdinandii)
A
be particularly restricted.

.

number

may be present
many examples

along the vegetational gradient to dry scleroof the typical sclerophyllous element in east
phyll and these include
coast vegetation, e.g., Daviesia, Hibbertia, Leptospermum, Leucopogon, LovHiti'i.
Oxylobiuvi, Persoonia, Pimelia, Platylobium, Tetratheca.
larger

of species

Over a large part of blackbutt's range, there is a marked similarity in total
of blackbutt communities with comparable levels of blackbutt "importance".
This is illustrated in Table 3 in which the composition of communities from Manning
River, Middle Brother, Newry (all New South Wales) and Cooloolabin (Q'ld.) are
tabulated. In each case, E. jnlularis "importance" varies from 60 to 75, and associated
species include E. microcorys, E. gummifera, E. resinifera and Syncarpia glomulifera.

floristics

^ The grey ironbark in
southern Queensland is E. drepanophylla, but there is some doubt
whether E. decepta and E. drepanophylla are distinct species. Until recently all srey ironliark
in coastal New South Wales and southern Queensland were known as E. paniculata.

VEGETATIONAL PATTERiN" IN EAST COAST FORESTS,

168

communities Imperata and Pteridium are the only species at the 75% frequency
and of the nine additional species listed in the 25-75% frequency levels in the
northernmost community (Cooloolabin) all except one {Elaeocarpus cyaneus) are recorded
in the same frequency levels in the southern communities. The degree of similarity is
quite striking when it is appreciated that the soils of the five communities have quite
diverse derivation sandstone, granite, schist, and rhyolite parent materials.
In

all five

level,

—

Table

2.

Gradient in Understorey Composition associated with the Blackbutt Gradient from

Dry

Optimum Habitat towards

Sclerophyll.

Frequency Occurrence of Associated Species.
Importance "
Values

50%-75%

75%

pilularis

Culcita dubia.

microcorys

Pteridium aquilinum.

25%-50%
Imperata cylindrica.
Breynia oblongifolia.
Eibbertia scandens.

Acacia longifolia.
Casuarina torulosa.
pilularis

microcorys

87
13

Pteridium aquilinum
Imperata cylindrica.

Acacia longifolia.

Rubus

parvifolius.

Hibbertia scandens.

Glochidion ferdinandii.
pilularis

microcorys

76
13

Pteridium aquilinum
Imperata cylindrica.

Casuarina torulosa.

Rubus

parvifolius.

Hibbertia scandens.

Breynia oblongifolia.
pilularis

60

gummifera

15

microcorys

23

jera

resinifera

58
25
15

Pteridium aquilinum.

Themeda

australis.

Lomandra

longifolia.

Plaiylobium formosum.

Leucopogon lanceolatus.
Oxylobium ilicifolium.

Lomatia

Persoonia linearis.

Entolasia

stricta.

silaifolia.

Pteridium aquilinum.

Lomandra

Themeda

Lepidosperma sp.
Leptospermum flavescens.

Entolasia

australis.
stricta.

longifolia.

Hibbertia asterotricha.
pilularis

umbra

47
14

microcorys

11

decepta

10

Themeda

australis.

Casuarina torulosa.
Kennedia rubicunda.

Imperata cylindrica.
Pteridium aquilinum.
Acacia binervata.

Themeda

australis

Lomandra

Imperata cylindrica.
Pteridium aquilinum.

Angophora
lanceolata

umbra
T. eonferta

10

38
18
12

longifolia.

Kennedia rubicunda.

Lomatia

silaifolia.

Platylobium formosum.
Acacia aulacocarpa.

trachyphlaia

Casuarina
pilularis

17

Several coarse grasses

umbra

34
22

including principally

Echinopogon

14

pitosus.

propinqua
gummifera

Helichrysum

caes-

torulosa.

Imperata cylindrica.
Lepidosperma laterale.
Casuarina torulosa.

diosmi-

folium.

lii)

Vegetational gradient towards rainforest.

the optimum "importance" level, blackbutt may decrease with increasing
"importance" of either Sydney blue gum {E. saligna) or flooded gum {E. grandis).
These two species are characteristically ecologically separate, but may co-occur in some
marginal situations; in such cases it is possible that there has been some genetic

From

introgression between them.
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The limited number of communities sampled and the two-directional nature of the
gradient have precluded the presentation of clear illustrations of the progressive change
Generally, decreasing importance of E. pilularis may be
in the vegetational pattern.
associated initially with an increasing "importance" of E. microcorys, and then with
an increasing "importance" of E. saligna. Brush-box {T. conferta) was not recorded in
any of the E. pilularis-E. saligna communities sampled; but it is often a component
with E. saligna at a more advanced stage of the gradient towards rainforest. Along a
Table
Cmnparison of

Floristics of

3.

Comparable Blackhutt Communities

— Taree

to Cooloolabin.

Frequency Occurrence of Associated Species.
" Importance

'

Maiming River

50%-75%

75%

Values.

25%-50%

Forest.

pilularis

76

microcorys

14

gummifera

10

Imperata

cyliiidrica.

Pteridium aquilinum.
Casuarina torulosa.

Entolasia

Lmnandra

stricta.

longifolia.

Platylobium formosum.
Tetratheca thymifolia.

Helichrysum diosmifolium.
Glochidion ferdinandii.

Manning River

Forest.

pilularis

6.3

microcorys

13

gummifera

13

S. glomulifera

Imperata eylindrica.
Pteridium aquilinum.

Hibbertia scandens.

Casrmrina torulosa.

Platylobium formosum.

Lomatia silaifolia.
Helichrysum diosmifolium.
Breynia oblmigifolia.
Acacia longifolia.

8

Middle Brother Forest.
72
Pteridium aquilinum

pilularis

22

microcorys
S. glomulifera

Newry

Glochidion ferdinandii.

6

Culcita dubia.

Dodonaea triquetra.
Leptospermum flavescens.

Breynia oblongifolia.
Casuarina torulosa.

Hibbertia scandens.

Imperata eylindrica.

Forest.

gummifera
S. glomulifera

65

Pteridium aquilinum.

Themeda

11

Culcita dubia.

Acacia myrtifolia.

10

Imperata eylindrica.

australis.

Hibbertia asterotrichu.

Lomatia silaifolia.
Dodonaea triquetra.

9

Persootiia levis.

Tieghemopanax sambudfolius.
Cooloolabin Forest.
pilularis

60

microcorys

12

resinifera

12

S. glomulifera

Pteridium aquilinum.
Ciddta dubia

Lomatia silaifolia.
Dodonaea triquetra.
Elaeocarpus cyanews.

Themeda
Poa sp.

australis.

Hibbertia asterotricha.

Persoonia linearis.
Breynia oblongifolia.

9

Casuarina torulosa.

topographic gradient, E. saligna, E. microcorys and Tristania conferta as emergents
over a secondary rainforest stratum frequently separate the E. pilularis community

from rainforest.

gum

(E. grandis) the vegetation may be
grandis may co-occur with Syncarpia
glomulifera, Tristania conferta, E. microcorys and red bloodwood {E. gummifera)
This
latter species is one with a diverse habitat pattern.
It may occur as an outstanding
dominant in a marginal rainforest situation, but it is probably a more characteristic
species of dry sclerophyll communities. T. conferta may be associated with E. pilularis
in communities with E. grandis in the more southern parts of the blackbutt range, but
only when E. pilularis "importance" is low. On the other hand, in southern Queensland,
T. conferta may form a dominant, or occur widely as a secondary crown stratum in

In

forest

particularly

communities with flooded
E. pilularis and

complex;

E.

.

'
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Table

4a.

Gradient in Understorey Composition with Increasing "Importance " of Tallowwood and Sydney Blue
in the Blackbutt Community.

Gum

Frequency Occurrence of Associated Species.
" Importance

50%-75%

75% +

Values.
pilularis

87

microcorys

11

Acacia

Pteridium aquilinum.
Imperata cylindrica.

longifolia.

25%-50%
Rubus

parvifolius.

Hibbertia scandens.

Glochidion ferdinandii.

43
49

pilularis

microcorys

Pteridium aquilinum.

Imperata cylindrica.

Culcita dubia.

Rubus

.

rosifolius.

Gasuarina torulosa.
Smilax australis.
Kreysigia multiflora.

Synoum glandulosum.
Eupomatia
43
34
23

pilularis

microcorys

Culcita dubia.

laurina.

Breynia oblongifolia.
Casuarina torulosa.

Lomandra

Synoum glandulosum.

Platylobium formosum.

Imperata cylindrica.
longifolia.

Hibbertia dentata.

Macrozamia

sp.

Smilax australis.
Goodenia chisholmii.
Neolitsea dealbata.

26
14
38

pilularis

microcorys
saligna

Synoum glandulosum.

Nil.

Eupomatia laurina.

Lomatidra longifolia.
Casuarina torulosa.
Acacia binervata.
Cissus antarctica.
Lastreopsis decomposita.

Table
TJiiderstorey

Composition

4b.

— Two Forest Stands with Blackbutt, Flooded Gum

and Brush Box.

" Importance " Value.? of Dominants.

Community
Community

(i)

:

(ii)

:

E. pilularis, 26
E. pilularis, 19

E.microcorys, 15

;

E.grandis,2,d

;

E.gummifera, 21

;

;

E.grandis, 14

Syncarpiaglomulifera, 10

;

;

Tristaniaeonferta, 19

;

;

Tristaniaeonferta, 18.

Syncarpiaglomulifera, 16.

Frequency Occurrence of Associated Species.

75%
Community
Eupomatia

•

50%~75%

25%-50%

(i).

lauriria.

Blechnum cartilagineum.

Adiantum formosum.

18 other species, includina

Lastreopsis decomposita.

Sckizomeria ovata.
Sloanea australis.

Macrozamia sp.
Commersonia fraserii.

Rhodamnia

trinervia.

Evodia micrococca.

Synoum glandulosum.
Community

25%

Daphnandra

tenuipes.

Acronychia sp.
Ripogonum album.
Cryptocarya rigida.

(ii).

Blecknum cartilagineum.

Trochocarpa laurina.

Gymnostaehys anceps.

Cryptocarya rigida.

Psychotria loniceroides.

26 other species, including
Pittosporum undulatum.

Wilhiea huegeliana.

Rhodomyrtus

CalUcoma

Denhamia

Cryptocarya microneura.

serratifolia.

Synoum glandulosum.

Ackama

Schizomeria ovata.

Myrtus

beckleri.

pittosporoides.

paniculata.
beckleri.

—
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communities with E. pilularis, E. viicrocorys, E. ?-esinifera, E. gummifera, E. umbra
and others. Illustrations from the gradient to rainforest are presented (PI. x, fig. 3;
PI. xi, fig. 4).

A vegetational gradient in understorey species, from optimum E. pilularis habitat
Decreases in
through habitats with increasing E. saligna, is shown in Table 4a.
E. pilularis "importance" and increase in E. microcorys (initially), and then E. saligna,
can be correlated with a progressive transition in understorey composition which may
be characterized as follows:
1.

Relegation of Imperata to low frequency levels or replacement by Poa species.
of Pteridium and Culcita are maintained.

High frequencies

—

Increase in frequency of rainforest element vines and shrubs e.g., Eupomatia,
Cissus, Rlioclomyrtus, Rhodamnia, but with understorey
representatives of the blackbutt gradient towards dry sclerophyll still present
2.

Synoum, Neolitsea, Smilax,

Persoonia, PlatyloMum, Dodonaea, Dampiera, Goodenia, Hihhertia.
3. Breaking up of the more or less continuous ground fiora of fern {Culcita) and its
relegation to a patchy low frequency occurrence; formation of an irregular, often dense

in which certain rainforest elements reach higher frequency
Synoum, Eupomatia, Cryptocarya.
Understorey composition of two communities with an E. grandis and Tristania
In both communities the understorey
conferta component is illustrated in Table 4b.
forms a more or less uniform secondary layer of rainforest shrubs and small trees (up
to a height of 20-30')
there are no rainforest stems of any size and there is little
ground flora other than scattered fern (Blechnum, Adiantum and Lastreopsis). These
two blackbutt communities are amongst those with the maximum development of rainforest species examined by this writer.

shrubby understorey,

levels

—

e.g.,

;

II.

The White Mahogany Community.

Eucalyptus acmenioides.
"Importance" values of E. acmenioides rarely reach the high levels of E. pilularis.
Unlike E. pilularis, E. acmenioides rarely dominates the community in vigour and cover
characteristics; such is the dominating potential of E. pilularis that any gradient in its
"importance" value can be regarded as indicative of some definite ecological gradient
towards or away from its optimum habitat requirements. E. acmenioides in the community cannot be regarded in this way; in the typical E. acmenioides community there
may be quite a few species of comparable "importance" without any having an apparent
advantage in vigour or competitive ability over the others. Whilst relative levels of
"importance" must bear some relationship to environment, it could not be expected that
a clearly defined gradient as with E. pilularis could be established by aligning the
communities in order of ecological "importance" of E. acmenioides.
The composition of the E. acmenioides community has therefore been examined by
establishing a vegetational gradient from marginal rainforest communities with a
Tristania conferta component to quite "open" sclerophyllous situations with increasing
components of E. decepta and E. propinqua (Table 5).
Illustrations are presented
(PL xi, figs 5, 6).
(i)

—

—

two communities the ability of E. acmenioides and Tristania conferta
with equal levels of "importance" is seen; this is in marked contrast to the
E. pilularis-T. conferta relationship. In Table 5 decreasing "importance" of T. conferta
is associated with increasing "importance" of Syncarpia glomulifera and E. saligna.
The gradient is then characterized by the association of E. acmenioides with E. gumIn the

first

to associate

mifera, E. decepta and E. propinqua, in that order.

Towards the base

of the gradient

E. propinqua becomes increasingly "important", and E. acmenioides a decreasing com-

ponent of the communities. The ubiquitous E. microcorys is a common component of
the E. acmenioides community particularly, it will be seen, where E. propinqua
"importance" is at an increasing level. E. gummifera has as widespread an association
with the E. armenioirlcs as with the E. pilularis community.

—

—

.

VEGETATIONAL PATTERN IK EAST COAST FORESTS,

172

—

As in the blackbutt gradient in Table 1, one anomalous community can be seen that
In which Tristania conferta has an "importance" level of 20 in the same community
Apart from this T. conferta and E.
as E. propinqua with an "importance" of 15.
propinqua are seen to be ecologically quite distinct. As in the blackbutt example, this
anomalous community was one sampled in Cooloolabin State Forest in southern
Queensland, and here, as previously suggested, T. conferta may have a broader ecological
amplitude with consequent variation in characteristics of association.
Table

5.

—

acmenioides Communities from Association with Brush Box in
Marginal Rainforest, towards Dry Selerophyll. Composition of each community is contained
within each vertical column.
Vegetatiotial Gradient in E.

Species " Importance " Values.

Species.

E. acmenioides

51

37

14

T. cmiferta

31

44

31

9

6

.

E. microcorys
S. glomulifera

E. saligna
E. gumrnifera
E. decepta
.

.

.

27

34
16

56

11

6

11

8

28
10

21

10

32

23

7

18

7

16

6

9

.

E. trachypkloia
E. propinqua

9

25
20

34

7

13

30
14
10

6

14

15

(i)

12

16

16

18

30

25

24

23

22

9

8

29

18

30

32

19

6

16

those in which Tristania conferta

8

is

6),

{E. decepta)

25

33

44

the E. acmenioides com-

a component,

those without Tristania conferta but in which Grey

Grey ironbark
(iii)

24

11

For examination of understorey composition (Table
munities may be conveniently regarded in three sections:

(ii)

29

gum

{E. propinqua)

and

are absent or of low "importance",

those with a high E. propinqua-E. decepta "importance".

Throughout the E. acmenioides communities, the understorey composition is in
to that of E. pilularis communities; whereas in the latter Imperata
and Pteridium dominated the higher frequency levels, these species play little part in
the understorey composition of the former. Pteridium is not recorded at all in Table 6
and Gulcita only in one community the first in section (i). This, however, represents
an analysis of a relatively narrow margin of E. acmenioides-Tristania conferta community interposed between E. pilularis on the ridge and slopes and rainforest in the
gullies. Imperata is seen in the 50-75% level in communities with a high E. propinqua
component (section iii); apart from this section, Im,perata was not otherwise recorded.

marked contrast

—

—

Various Pteridophytes occur some at high frequency levels (BlecJinum, Doodia,
Adiantum, Lastreopsis) but they are characteristically small and scattered, and do not
form the dense ground flora as with Pteridium in the blackbutt community. It is only
in the lower parts of the gradient that a continuous ground cover may exist; characteristically the E. acmenioides community may have considerable litter and soil exposed.
,

—

In section
these

(e.g.,

(i),

rainforest element species are strongly represented, but as

Guioa, Diospyros,

Ackama)

are not

common

many

of

species in the understorey,

representative species from the lower frequency levels are included, to characterize
what in fact represents a transition to rainforest proper. Rainforest element species

which are common
munities are
Schizomeria.

in

seen

in

some situations in both blackbutt and white mahogany comTrochocarpa, Gryptocarya,
the 25-50% frequency levels

—

typically shrubby, without any continuous or
has a clumpy and patchy distribution. Rainforest
element species are common in the 25-50% level Synoum, Rhodamnia, Gryptocarya
but, unlike some communities in section (i), the lower frequency levels are not
.characterized by more distinctly rainforest element species.

In section

(ii)

the understorey

characteristic ground flora;

Poa

sp.

is still

—

.

.
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(iii), Poa sp. may form a continuous ground cover, or with a high
component Imperata may be dense and almost continuous. Understorey
is otherwise quite open in these communities, but within them, Synoum, Trochocarpa,.
Cryptocarya and Rliodainnia may be found in localized more favourable niches.

In section

E. propinqua

Tabie

6.

Frequency Occurrence of Understorey Species in E. acmenioides Communities.

50%-75%

'0/0

(i)

(a)

<25%

25%-50%

Two Communities with Tristania conferta.
Blechnum cartilagineum
Doodia aspera.

Cordyline

Culcita. dubia.

Macrozamia

stricta.

sp.

Casuarina torulosa.

28 additional species, including

a

pronounced

rainforest element.

Psyckotria loniceroides.

Guioa.

Trochocarpa laurina.

Diospyros.

Cryptocarya sp.
Schizomeria ovata.

Denhamia.
Neolitsea.

Ackama.
(b)

Psyckotria loniceroides.

Doodia aspera.

Lastreopsis decomposita

Cordyline

Hibbertia dcntata.

stricta.

Acacia binervata.

Cissus antarctica.

Rhodamn ia

triner da

23 additional species, including

Diospyros.
Trochocarpa.
Schizomeria.
Scolopia.

Adiantum.

Two Communities

(ii)

(a)

witli T. conferta absent,

Psyckotria loniceroides.

Cordyline

but with E. decepta and E. propinqua of low " importance

stricta.

Cissiis antarctica.

Poa

'

30 additional species, in-

sp.

Doodia aspera

Lomandra

longifolia.

Acacia binervata.
Goodia latifolia.
Tieghemopanax sambuci-

cluding.

Casmirina.
Diospyros.
Acacia.
Citriobatus.

falius.
Cryptocarya species.

m

Entolasia

stricta.

Lomandra
Cordyline

Solanum

longifolia.
stricta.

densevestitum.

Acacia longissima.

Poa

16 additional species, in-

sp.

Imperata cylindrica.

Cryptocarya.

Casuarina torulosa.

Ripogonum.

Cissus antarctica.

Rubus.

Smilax

Pavetta.

australis.

Trochocarpa laurina.

Two

(iii)

(a)

Poa

Comnuniities with a liigh£. propinqua-; E. decepta Component.
Acacia longifolia.
Imperata cylindrica.

sp.

Lomandra

longifolia.

Breynia oblongifolia.
Casuarina torulosa.

cluding

Blechnum cartilagineum.

Glochidion ferdinandii.

Trockocarpa laurina.

Canthium.

12 additional species, including
Culcita, Doodia,

Rubus,

Smilax.
Dioscorea.

(b)

Imperata cylindrica.

Lomandra

longifolia.

Breynia oblongifolia.

Poa

sp.

Casuarina torulosa.
Hibbertia scandens.

Phyllan thus gasstroem ii

Cryptocarya sp.
13 additional species, including

Macrozamia.
Dampiera.
Acacia.
Helichrysum.

Eucalyptus umbra.
Only a few vegetational analyses of communities characterized by the presence of
E. umhra have been made; they are most characteristically a dry sclerophyll and have
In general, E. umbra
little representation within State Forests examined in detail.
may be regarded as replacing E. acmenioides at that point in the vegetational gradient
(Table 5) where E. propinqua becomes a substantial component of the community. In.
fact, in the last two communities in the gradient of Table 5, E. umbra was present
in addition to E. acmenioides; this was found to be quite common in a number of areas
(ii)

of similar vegetational structure.

—
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One quite depauperate stand of E. umbra was sampled
its composition was as follows:

in

Middle Brother State

Forest;

Dominants ("importance"): E. umbra

75, E. propinqua 20.
Understorey (frequency)
75% + Imperata cylinclrica, Lomandra longifolia.
:

50-75% Helichrysttin diosmifolium.
25-50% Themeda australis.
Although most characteristic

of

low quality dry sclerophyll, E. uvihra

—

may

also

occur as a straight holed tree in a forest of commercial quality e.g., in association with
E. pilularis (Table 1) or in association with E. propinqna and E. decepta.

(i)

Discussion.
Relationship between blackbutt and other interbreeding species.

In terms of the criteria established by Pryor (1953) concerning ecological-genetic
within Eucalyptus, the east coast vegetation can be seen in initial
perspective by examining the relationship of members of the one interbreeding group
If blackbutt could be divorced from consideration, the composition of
Renantherae.
relationships

—

as far as other members of the Renantherae are concerned would be in substantial agreement with the principle that interbreeding
For example,
{Eucalyptus) species occupy distinctly different ecological habitats.
the stringy barks (including E. eugenioides, E. pliaeotricha) peppermint {E. piperita)
and scribbly gum {E. micrantha, E. haemastoma) and while mahogany (E. acmenioides,
E. umbra) occupy "type situations" differentiated by geographic, altitudinal or contrasted edaphic criteria.
Blackbutt, however, cannot be regarded as a species
differentiated in a like manner; its occurrence is best illustrated as one superimposed
on the distinctive "type situations" of each of the above Renantherae. Within each
"type situation", blackbutt may either cohabit marginally with, the interfertile species,
or may have that species as an occasional component of the community, but in all
situations blackbutt will form communities in which it is the outstanding and sometimes
only dominant.
The marginal or more extensive co-occurrence of blackbutt with a large number of
members of the Renantherae raises important genetic questions such as the potential
for hybridization and introgression, or alternatively the manner in which species
stability is maintained.
Again, any consideration of present relationships must take
into account the possibility that they represent an intermediate or end point of some
relatively recent dynamic situation involving a considerable degree of species movement.
Some studies of the nature of variation in blackbutt have been made (Florence, 1961)
and these will be reported elsewhere.

the east coast eucalypt forest

—

,

,

(ii)

mahogany communities.
mahogany forests respectively,

Relationship bettoeen blackbutt and tchite

Within

the

blackbutt

and

white

vegetational

gradients can be established.
From a peak "importance" level in which blackbutt
occurs as a virtually "pure stand", gradients of decreasing importance can be regarded
as gradients towards dry sclerophyll and towards rainforest respectively.
Along each

change in associated dominants and in the composition
(E. acmenioides) on the other hand does
not characteristically reach high 'importance" levels in its forest community.
A
gradient in dominants and understorey associates can be established from marginal
rainforest to open sclerophyllous situations.
At this latter stage, the allied white
mahogany (E. umbra) is considered to replace E. acmenioides and the gradient continue to quite depauperate forest communities.
Along the blackbutt gradient towards dry sclerophyll a progressive increase of
E. umbra in the E. pilularis community has been described (Table 1); moreover, before
E. umbra is present in recordable proportions, it is often present as an occasional tree
of these gradients a pattern of

of the understorey occurs.

over

White mahogany

—

extensive areas of relatively homogeneous E. pilularis forest a cohabitation
which in no way can be regarded as a community junction effect. Nevertheless in

a
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other situations forest communities cliaracterized by the presence of these renantherous"
species may be sharply delineated.
Analyses of vegetational structures have revealed a marked contrast in the total
composition of communities characterized by E. pilularis and E. acwienioides respectively.
Although these species occur in distinctive communities throughout the 'range of their
Occasional \E. acmenioides
mutual occurrence, there is some degree of cohabitation.
may occur through some E. pilularis forests, but on the whole cohabitation of E.

nmhra with
In some cases it is possible that mixing has resulted from habitat
disturbance by logging and firing, but it is thought this has occurred only in situations
in which there existed some intermediacy in the expression of environmental factors
that give rise to E. pilularis and E. acmenioides forests respectively. Perhaps the most
complex of the situations in which E. pilularis co-occurs is that seen around Coffs
Harbour in forests developed on Silurian schists and shales.
Here a topographic
gradient is commonly characterized by E. pilularis on the ridges and slopes,, with a
variable but usually narrow E. acmenioides (or in parts E. umbra) community separating
the E. pilularis from gully rainforest. The intermediate £J. acmenioides community is
not usually sharply delineated, and a considerable degree of intermixing may occur.
On the steep slopes of Coramba Mountain (Orara East State Forest), the drainage
courses are so steep and subsidiary courses so common that the E. pilularisE. acmenioides pattern tends to become confused, so that a cursory inspection of parts
of the area might suggest a fairly homogeneous intermixing on the area as a whole.
Where slopes are long and stee^i the E. acmenioides-T. conferta community separating
E. pilularis from the rainforest is narrow; where gentler, the transitional community
acvienioides with E. pilularis seemed to be less extensive than that of E.

E.

pilularis.

•

.

is

more

extensive.

Relationship between the rainforest community and blackbutt and ichite mahogany

(iii)

communities respectively.

Baur (1957) has described the principal distribution of rainforest in New South
Wales. There are five main areas between the New South Wales-Queensland border and
Wollongong, where rainforest may be extensive and continuous; they occupy at present
a total area of some 70,000 acres (i.e., excluding large areas cleared for agriculture).
In addition, there are numerous localized occurrences along creeks and rivers and in
small isolated patches within extensive sclerophyll forests;
that are important in this study.

'it is

'these latter occurrences

—

The most important feature of the blackbuttno situation examined can there be instanced a
transition of a blackbutt community directly to a rainforest community along a uniform
environmental gradient.
In many situations, a blackbutt community may impinge directly on a rainforest
community, but invariably the margin is characterized by some distinct environmental
For example, in Cooloolabin State Forest, a blackbutt forest with some
change.
E. umbra, brush-box, and a continuous Themeda australis ground fiora, occupied a steep
slope.
At the base of the slope rainforest was present, with the conifer Araucaria
Gunninghamii emergent over a rich rainforest with Argyrodendron and Sloanea sp.
The blackbutt sclerophyll is developed on rhyolite-derived soil, and the rainforest on',
small localized intrusion of altered basalt in an otherwise extensive area of acid volcariife
(i)

Blackbutt-rainforest relationship.

rainforest

relationship

is

that

in

rock.

Towards the limit

of the blackbutt gradient to rainforest a

number

of rainforest

element species present as an understorey_ to blackbutt were characteristic of 'all such
situations examined. These species may have extensive occurrence in blackbutt forests,
although there may be no marginal association with rainforest.
Of the rainforest
element species which occur as an understorey to blackbutt only a few are found as
true rainforest dominants.
Members of the Myrtaceae are strongly represented with
species of Acmena, Eugenia, Myrtus, Rhodamnia, Tristania, Rhodomyrtus.
Others of
the more characteristic species include Schizomeria ovata. Ackama paniculata, A.

—
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muelleri.

Callicoma serratifolia

(all

Cunoniaceae), Elaeocarpus cyaneus and Sloanea

australis (Elaeocarpaceae), several species of Cryptocarya (G. glaucescens, C. microneura,

patentinervis), Endiandra sieberi and Neolitsea

dealMta (Lauraceae),
(Epacridaceae), Pittosporum undulatum, P. revohitum (Pittosporaceae), Synoum glandulosum (Meliaceae), and Eupomatia laurina (Anonaceae).
In addition eight species of Acacia (Leguminosae) were recorded in the more highly
developed rainforest element strata in blackbutt dominated forest.

C.

rigida,

C.

Trochocarpa

Imirina

Along a uniform gradient blackbutt may be separated from rainforest by the
mahogany community (as previously described), or by
a community with Sydney blue gum {E. saligna), brush-box (T. conferta) and tallowwood (E. microcorys) emergent over a more complex and highly developed rainforest
stratum. Ceratopetalum apetaluvi. which rarely occurs in a blackbutt forest, may be a
characteristic species in this situation.
This mixture of sclerophyll and rainforest
occurs not only as an extension of the blackbutt gradient to rainforest, but may have
interposition of either a white

as well extensive continuous distribution over considerable areas.
Again, as for the
white mahogany community, it may be sharply delineated from blackbutt along edaphic

boundaries.

—

There may be a transition direct
(ii) White mahogany-rainforest relationship.
from an E. acnienioides community to rainforest, and in many instances the rainforest
is characterized by the presence of Argyrodendron trifoliatum and Sloanea woolsii. Baur
(1957) has described the Argyrodendron alliance as being "extremely luxuriant, floristically very rich and varied"; this probably represents the optimum development of rainforest in northern New South Wales. For illustration see Plate xi, fig. 7.
The transition from E. acmenioides community to rainforest is generally characterized by an increase in the T. conferta component towards the margin, but nevertheless E. acmenioides may be found intermixed with tall rainforest trees. Examples of
such transitions are as follows:

Southern Queensland: E. acmenioides and E. microcorys with T. conferta merged
a rainforest dominated by the palm Archontophoenix cunninghamiana, with
Argyrodendron trifoliatum, Sloanea woolsii, S. australis, and species of Stenocarpus,
Pseudoioienmannia.
Beilschmiedia.
Endiandra,
Polyosma.
Cryptocarya,
Eugenia.
into

Schizom,eria.

Harbour area: The

species list for Bruxner Park (Baur, 1957) is an example
occurring at the base of a topographic gradient, and separated from
blackbutt forest by white mahogany. Species include Archontophoenix cunninghamiana.
Argyrodendron trifoliatum, Sloanea woolsii, S. australis, and species of Endiandra,
Coffs

of

rainforest

Drimys, Orites. Litsea. Polyosma. Cryptocarya, Schizomeria, Ackama. Geissos, Diploglottis. Mischocarpus.
Manning River (Taree area) This isolated piece of rainforest, only about i acre
in extent, was developed in a small alluvial fan at the base of a drainage course
separating an E. pilularis community (with E. umbra throughout, and therefore well
down the gradient towards dry sclerophyll), and an E. acmenioides. E. propinqua,
E. microcorys community which graded with increasing T. conferta into the rainforest.
In this situation the development of the rainforest was considered to result in part
from the effect of simultaneous deposition in the fan of material derived from the
parent materials under blackbutt and white mahogany respectively. The possible soil
factor responsible for the presence of the rainforest, and the significance of the occurrence of such isolated patches of highly developed rainforest, will be examined further
in a subsequent paper.
Species on this rainforest patch included Argyrodendron
actinophyllum, Sloanea australis, Doryjihora sassafras, and species of Diospyros, Acmena.
Cryptocarya, Ficus, Chiioa, Mischocarpus. Daphnandra, Scolopia.
:

The eucalypt-rainforest relationship: The relationship between eucalypt-sclerophyll
and rainforest is one that has interested many botanists. One concept envisages rainforest and eucalypt-sclerophyll as quite separate, mutually antagonistic floras, with the
rainforest component resulting from a series of vegetational invasions from the north.
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a result of retractions following the severe climatic

changes of the Pleistocene and Early Recent eras (Crocker and Wood, 1947; Baur,
This concept has been critically questioned by Herbert (1960), who sees the
1957).
components of Australian flora as being essentially due to a long continual sifting by
climatic and edaphic factors from an ancient palaeotropical reservoir.

and eucalypt-sclerophyll
That rainforest has
been advancing in recent times has seemingly been accepted by Australian botanists
(Surges & Johnston, 1953), yet there has been neither a critical examination of the
phenomena, nor a sound evaluation of possible causal agencies. A number of writers
who have tended to regard eucalypt-sclerophyll and rainforest as discrete entities
have presented the occurrence of a rainforest element under a sclerophyllous overstorey
as evidence of instability in their relationship, resulting from recent environmental
fluctuation. The possibility of climatic amelioration has often been proposed, but Kraus
(1958), in demonstrating the existence of parallel and rather abrupt climatic fluctuation
Superimposed on the question

is

of the origins of rainforest

the problem of the apparent instability in their relationship.

over a large part of the earth, has shown for south-east Queensland, that rainfall in the
40 years of this century (when rainforest was "advancing") was considerably
below that for the period 1879-97, and that only since 1946 has there been a return to
the conditions of the 19th century. With respect to eucalypts emergent over a rainforest
stratum, Cremer (1960) has summarized the A'iew held by a number of writers that
the eucalypts are but a "transient fire-weed", with the mixed forest a fire sere in the
succession toward rainforest climax.
first

This current study has emphasized that rainforest element species have a wide
occurrence in sclerophyll-dominated communities, and that for a given combination of
dominants the rainforest element which will be present is predictable over a wide
geographic range irrespective of whether the community has marginal association with
true rainforest.
In spite of its complexities it is apparent that the vegetation can be
regarded as forming a consistent pattern of vegetational gradients which result from
the alignment of species and communities along environmental gradients according to
their respective tolerances.
For example, the relationship of blackbutt to rainforest
would suggest that along the gradient towards rainforest, the upper limit of blackbutt's
environmental tolerance is apparently well below that necessary for rainforest formation.
The vegetation-environment relationships involved may be particularly complex
and will be examined in a later paper.
The relationship between sclerophyll and rainforest is regarded as a vegetational
continuum expressing a sensitive adaptation to environment. Such an interpretation
is in line with Herbert's (1960) concept of a relationship derived through "long continued sifting by climatic and edaphic factors". Before the advent of man the expression
of a continuum was restricted, and apparently sharp discontinuities in the vegetational
pattern existed. This restriction of the continuum could have resulted in part from the

effect of many eucalypts on their own sites. Florence and Crocker (1962) demonstrated
a microbiological inhibition of seedling growth in old growth blackbutt and Sydney
This community-site interaction could have effectively
blue gum-brush-box soils.
restricted a strong development of those rainforest element species which might otherwise have been environmentally adapted. Irregular firing, superimposed on this situation, would have accentuated further the artificial discontinuity in the sclerophyll-

rainforest relationship by maintaining the dominance of the sclerophyll species.

As a consequence of the activities of man the balance of factors which restricted
the expression of the continuum was upset. Habitat disturbance through logging and
grazing, and an era of unrestricted and frequently annual burning, followed by the
imposition of protection, have all contributed to a striking increase in frequency
occurrence within eucalypt sclerophyll of those species whose ecological amplitude
overlaps that of the eucalypts and rainforest respectively.

In the habitat-sensitive vegetation along Australia's east coast a considerable degree
may therefore have been achieved by inherent restriction of

of vegetational stability

.
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response to minor climatic fluctuations.
is

Rainforest "advance" since the advent of

man

tentatively interpreted as an effect of habitat disturbance on the inherent stability

mechanism within the vegetation rather than

as a

response to one or more single

factors of the environment.
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APPENDIX

1

:

Species referred to in text.

Pteiridophyta Pteridium aquilinum L. Kuhn, Culcita duMa Maxon, Blechnum. cartilagineum
Swartz, Doodia aspera R.Br., Adiantum formosutn R.Br., Tylopliora harhata R.Br., Lastreopsis
decomposita (R.Br.) Tindale.
Gramineae Imperata cylindrica L. (Beauv. ) var. major Nees (C. E. Hubbard), Themeda
australis Stapf, Echinopogon caespitosus C. E. Hubbard, Entolasia stricta R.Br. (Hughes),
Ottochloa nodosa (Kunth) Dandy.
Cyperacbae Lepidosperma laterale R.Br.
Palmae Archontophoenix cunninghamiana Wendl & Drude.
Araceae Gymnostachys anceps R.Br.
LiLiACEAE Ripogonum album R.Br., Smilax australis R.Br., Lomundra longifolia Labil.,
Cordyline stricta (Sims) Endl., Kreysigia niultiflora Reichb.
Casuarinaceae Casuarina torulosa Ait.
Proteaceae Lomatia silaifolia R.Br., Persoonia linearis R.Br., Persoonia levis (Cav.)
Domin.
Eupomatiacbab Eupomatia laurina R.Br.
MoNiMiACEAB Daphnandra tenuipes Perk., Wilkiea huegeliana A.DC, Doryplioru sassafras
:

:

:

:

:

:

:

:

:

:

Endl.

)
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Cryptocurya glaucescens R.Br., C. microneura Meissn., C. patentinervis F. Muell.
rigida Meissn.), Neolitsea dealbata R.Br. (Merrill), Litsea leefeana Merr., Endiandra
sieheri Nees.
PiTTOSPORACEAE Pittospoviini undulatum Vent., P. revolutum, Ait.
CuNONiACEAE
AcTcainci paniculata Engl., A. muelleri Benth., Ceratopetaluvi apetahim
D. Don, ScMsomeria ovata D. Don, Callicoma serratifolia Andr.
RosACEAE Rubus parvifolius Linn.
LiEGTJMiNOSAE
Acucia hinervata DC, A. aulacocarpa A. Cunn. ex Benth., A. longifolia
Willd., A. myrtifolia Willd., A. longissima Wendl., Kennedia ruMcunda Vent., Pldtylobium
liAURACEAE

{,,=

:

C

:

:

:

:

formosum Sni., Goodia lati folia Salib.
RuTACEAE Evodia micrococca F.v.M.
Mbliacbae Synown glandidosum A. Juss., Dysoxyluin fraseranum Benth.
Tremandracbae Tetratheca tJiymifoKa Sm.
EuPHORBiACEAE Pliyllantlius gasstroemii J. Muell., Breynia ohlongifoUa J. Muell.,
:

:

:

:

ferdinandii

G-lochidion

Muell.

J.

Cblastraceae Denhamia pittosporoides F.v.M.
Sapindacbae Dodonaea triquetra Wendl.
ViTACBAE C'issus antarctica Vent.
Elaeocarpaceae Sloanea cmstralis F.v.M., S. ivoolsii F.v.M., Elaeocarpus cyanens Ait.
Sterculiaceae
Coviviersonia fraserii Gav., Argyrodendron trifoliatum P. Muell, A.
:

:

:

:

:

actinopliylluvi Edlin.

DiLLBNiACBAE Hibbertia dentata R.Br, ex DC, H. asterotricha (Sieb.) ex Spring (N. A.
Wakefield), H. Scandens (Willd.) Gilg.
Mtrtacbae Tristania conferta R.Br., Syncarpia glomulifera (Sm. ) Niedenzu, Leptospermum
Jiavescens Sm., Rhodamnia trinervia Blume, Myrtus beckleri F.v.M., Tristania laurina R.Br.,
Acmena smithii (Poir. ) Merr & Perry, Rhodotnyrtus beckleri (F. Muell.) L. S. Smith, Eugenia
coolminiana,
Moore.
Araliaceae Tiegliemopanax sambucifolius R. Viguier.
Epacridacbae Trochocarpa laurina R.Br., Le\icopogon lanceolatus R.Br.
Sola-Naceae: Solanum densevestituvi F. Muell. ex Benth.
RUBiACBAB Pspchotria loniceroides Sieb.
(jOGdeniacbae Goodenia cMsholmii Blakely.
CoMPOSiTAB Helichrysum diosmifolium Vent. (Sweet).
:

:

C

:

:

:

:

:

EXPLANATION OF PLATES
Plate

X-XI.

X.

Blackbutt (E. pilularis) associated with red mahogany (E. resinifera) in fore1.
The undertallowwood {E. microcorys) and turpentine {Syncarpia glomulifera).
storey is largely free of rainforest element species, and in this illustration main components
are Culcita dubia, Pteridium aquilinum, Imperata cylindrica, Ottochloa nodosa, Dodonaea
triquetra and Casuarina torulosa.
(Photo Q.F.D.)
Fig.

ground,

A typical blackbutt (B.. pilularis) forest on the gradient towards dry sclerophyll.
Fig. 2.
In such a situation red mahogany (E. resinifera), red bloodwood (E. gummifera) and a
Understorey is mainly
scattering of white mahogany {E. umbra) are commonly associated.
ferns
a mixture of blady grass {Imperata cylindrica), kangaroo grass {Themeda australis)
and rainforest element species are conspicuously absent. (Photo Q.F.D.)
;

Pig. 3.
A group of blackbutt (E. pilularis) in southern Queensland with a more or less
continuous rainforest stratum. This would be approaching the maximum development of rain(Photo Q.F.D.)
forest in a predominantly blackbutt forest.

Plate
Fig.

4.

Flooded

gum

(E.

grandis)

xi.

emergent over a

tall

rainforest

stratum.

(Photo

Q.F.D.)
Fig. 5.
Grey gum (E. propinqua) in foreground with white mahogany (E. acmenioides)
and tallowwood (E. microcorys) in background. Note sparse understorey, bare soil and litter.

(Photo Q.F.D.)
Fig.

6.

White mahogany

(E. acmenioides)

with a moderate rainforest understorey (Photo

Q.F.D.
Pig.

.sround

7.

is

Notophyll vine forest

— subtropical— (Webb,

Argyrodendron actinophylluvi.

(Photo Q.F.D.)

1959).

Buttressed stem in

left fore-
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GLACIATION IN THE SNOWY MOUNTAINS: A RE-APPRAISAL.
By

R.

W. Galloway, Division of Land Research, C.S.I.R.O., Canberra.
(Communicated by Professor R. L. Crocker.)
(Plate xii; six Text-figures.)

[Read 31st July, 1963.]

Synopsis.

The evidence for glaciation in the Sno-wy Mountains is reviewed and new interpretations
put forward. Even at its maximum extent the glaciation covered only some 20 square miles,
and at this stage it consisted mainly of a number of small confluent valley glaciers. Later,
these split up into separate cirque glaciers which appear to have retreated in two stages
marked by moraines. The entire glaciation was of Wiirm age, although it is possible that
some of the largest cirques were initiated during an earlier glaciation. Maps of the glacial
features are presented.

Introduction.

phenomena in the Snowy Mountains were first reported more than a century
ago by the Rev. W. B. Clarke (see David et al., 1901). A not inconsiderable literature
on the topic has accumulated since then, but many problems are still unsolved. Browne
and his co-workers have advanced the view that three main phases of glaciation
occurred: firstly an ice cap that extended over some 400 square miles, secondly a valley
glacier stage during which a glacier descended the Snowy Valley for about 13 miles,
Glacial

and thirdly a stage of cirque glaciers confined to the highest valley heads (Browne,
Ritchie and Jennings (1955), on the other hand, could find only two minor
1957).
cirques of doubtful authenticity on the Grey Mare Range a few miles to the north-west,
although this area should have supported extensive glaciers if widespread glaciation
had occurred elsewhere in the Snowy Mountains.
In recent years study of the area has been greatly facilitated by easier access,
knowledge, air photographs, and better maps produced by the Snowy
Mountains Hydro-electric Authority, while construction of new roads has revealed
many sections in the drift deposits. Numerous visits to the area in recent years have
fuller geological

led the writer to conclude that

much

of the evidence for the postulated ice cap stage

could be better explained in alternative ways and to feel certain reservations regarding
current interpretations of some other aspects of the glaciation. This paper reviews the

evidence and presents these

The map position

new

views.

of localities discussed is given

by four-figure or

six-figure grid

or (S.M.A.) respectively according to whether they refer
to the 1000 yard grid of the 1" to the mile Kosciusko military map, or the 1760 yard
grid of the 1" to the mile Nimmo or Indi sheets of the S.M.A. 1 Mile Series.*
references, defined as

(Mil.)

The Geomokphic and Geologic Setting.
The Snowy Mountains are a deeply dissected horst with a rolling summit surface
from which rise rocky hills culminating in Mount Kosciusko at 7316 feet, and into
which deep valleys, such as those of the Snowy, Thredbo and Geehi rivers, have been
cut (Fig. 1).
The uplift of this horst has long been accepted as the work of the
Kosciusko uplift in Plio-Pleistocene times, but recent work suggests that much of the
* Readers unable to obtain
these maps will find a useful contour
BroAvne and Vallance, 1957.
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movement may

be considerably older (Gill and Sharp, 1957). The horst is asymmetric,
with a rugged western slope falling 4000-5000 feet to the Murray Valley, and an
In keeping with this asymmetry the highest
eastern slope which is much gentler.
summits are near the western edge of the plateau. The glaciation developed on the
eastern, lee, side of these summits.
The plateau has erosion surfaces cut at various
levels presumably reflecting control of the landform evolution by intermittent uplift,
and deep sub-surface weathering seems to have affected its entire extent. Much of the
weathered mantle has been stripped off to expose as tors those zones of the bedrock
which were more resistant to sub-surface weathering.
During cold phases of the
Pleistocene glacial and periglacial action have affected the area and contributed to the
widespread unconsolidated surficial deposits.

^v^^

POSSIBLE MAXIMUM
OF
GLACIATION

^EXTENT

NIVATION HOLLOWS
AND PRESENT- DAY

SUMMER SNOW
PATCHES

—

Location and major physical features.
Fig^. 1.
Leather Barrel Creek by Cootapatamba Creek.

X, point of probable capture of Upper

Features of the solid geology relevant to consideration of the glaciation are
portrayed in Figure 2. In the east and centre is a large mass of medium to coarsegrained granodiorite with numerous acid gneissic belts, notably along the Etheridge
Range at the western edge (GR 2399 Mil.). Minor outcrops of metasediments within this
mass have been noted by Ball et al. (1948), by the writer, and possibly by Helms (1896).
Most of the abundant xenoliths in this mass are extensively altered and highly
micaceous, but numerous quartzitic, phyllitic and schistose examples have been observed

These little-altered
et al. (1901), Ball et al. (1948), and by the writer.
xenoliths are often ellipsoidal and can be mistaken for erratics when they weather out

by David

of the granite.

Towards the west of the area two belts of metasediments (schists, slates, phyllites
and quartzites) extend north-north-east from Leather Barrel Creek to Bulls Peaks and
from west of Kosciusko to Jagungal; granite intrusions occur within the eastern belt
a mile north-east of Kosciusko summit and half a mile west of Blue Lake.
In the west of the area acid granite-gneiss forms the Mount Kosciusko-Townsend
known to lie west of these summits and to extend north

ridge and gneissic rocks are
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Grey Mare Range. Narrow metasediment belts occur within tliis acid gneiss near
Peak (David et al., 1901; G.R. 224024) and south-west of Kosciusko (G.R. 2097);.
Igneous intrusions occur throughout the area and include dykes of aplite,
Quartz and aplite veins up to several
hornblende-lamprophyre, basalt and tinguaite.
In the north, the prominent peak of
feet wide are found on the Ramshead Range.
Jagungal is a mass of amphibolized dolerite (Joplin, 1957).
The cyclic landforms, the effects of deep weathering and periglaciation, the slabby
forms characteristic of granitic relief, and the nature of the solid geology combine to
make the role of glaciation extremely difficult to assess. The evidence of landforms,
erratics and drift must be critically reviewed before attempting to outline the glacial
to the

Mueller's

sequence.
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2.

—Geology.

The Evidence
(

a

)

of Landforms.

Tors.

As Browne and Vallance (1957) have pointed out, most of the landforms in the
area do not furnish decisive evidence for or against glaciation. The least ambiguous
conclusions can be drawn from a consideration of the tors which occur at many points
throughout the area. These tors are piles of boulders and joint-bounded blocks still in
place, from a few feet to more than one hundred feet high; as Taylor (1958) has
mentioned, they are so loosely constructed that they could not have survived the passage
of an ice sheet (PI. xii, fig. 1).
Particularly telling examples occur west of Mount
Kosciusko (e.g., G.R. 2097 Mil.), in the North Ramshead area (G.R. 2295 Mil.), in the
Perisher Valley (G.R. 366067 Mil.), and in the Finn's River valley (G.R. 3917 Mil.). These
examples are situated where some authors have postulated intense glacial erosion, but
their occurrence is strong evidence that moving ice has not crossed these areas.

David (1908) was aware of the difficulties for an ice-cap hypothesis imposed by the
and suggested that the juxtaposition of these relatively fragile features with
apparently intensely ice-abraded granite surfaces could be explained by post-glacial
weathering of the former and protection of the latter by snow patches. This theory
breaks down because there is little correlation between the location of the snow patches
tors
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of the granite surfaces,
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and because snow patches have erosive rather than

protective effects (Lewis, 1939).

Browne

has suggested that some tors originated as nunataks above the ice
numerous examples found well below adjacent
peaks (such as Mount Wheatley or the Big Brassy) which were claimed to be ice-worn,
nor does it account for tors in close proximity to "glacially abraded" surfaces. Browne
and Vallance (1957) put forward the interesting suggestion that a tor in a relatively
low situation could have survived the passage of ice through being protected by a
mantle of weathered rock which was later stripped off by erosion. This implies that
tors have been exposed from their original mantle of weathered material since the
ice-cap stage.
This proposition is incompatible with the survival of other features in
the vicinity such as glacially abraded rock surfaces and erratics, which have been taken
as evidence for the ice-cap glaciation.
(1952)

surface, but this does not account for the

(&) Cols.

Wide, shallow cols on the Ramshead Range, along the road between the Kosciusko
Hotel (G.R. 440103 Mil.) and Charlotte's Pass (G.R. 288021 Mil.), and in the north of
the area have been cited as evidence for glacial erosion (Browne, Dulhunty and Maze,
1944; Browne and Vallance, 1957), but these cols have no features significantly different
from those in unglaciated areas such as the Australian Capital Territory, or other
parts of the Snowy Mountains at lower altitudes. The smooth granite slabs sometimes
found in these cols have been ascribed to glacial abrasion, but the proximity of tors
makes this unlikely.
The slabs are more satisfactorily explained as the result of
weathering and erosion in the granite, guided by joints more or less parallel to the
surface. The "moraine" in these cols is solifluction debris (see below).
(c)

Rounded outcrops.
At many points, rounded, mammillated forms have been taken

passage of an

as evidence for the

between Big Brassy (G.R. 9644 S.M.A.) and Jagungal
(Browne and Vallance, 1957). However, since loosely-constructed tors which would never
have survived glacial erosion are found in the same area it seems unlikely that these
rounded forms are due to glaciation. In any case similar country is widespread in the
unglaciated Australian Capital Territory (e.g.. Mounts Scabby and Sentry Box).
((Z)

ice

sheet,

e.g.,

Roches moutonnees.
Asymmetric knolls, ridges, and

hills with a fairly smooth gentle slope on one side
and a steep rocky face on the other are widespread and have been identified as roches
moutonnees, e.g.. Mount Wheatley (G.R. 3503 Mil.; Browne, Dulhunty and Maze, 1944).
However, the orientation of the steep "glacially plucked" face shows little consistent
relationship to the presumed direction of ice movement and often faces the direction
from which the ice is said to have come the reverse of what would be expected if
they were forms produced by glacial erosion. These features are particularly common
on the Kerries Range (G.R. 9443 S.M.A.) in the northern part of the district, but they
are also frequently encountered elsewhere. Their form reflects the control of weathering
by joints aided possibly by the increased tendency for nivation on the leeward east
and south-east facing slopes where snow lies longest. True roches moutonnees are only
to be found in the valley of Rawson Creek and in the cirques around Mounts Kosciusko,
Townsend and Twynam, where they can be recognized by their consistent relationship
to the direction of ice movement and, in some cases, by the occurrence of striae.

—

(e)

Benched

slopes.

A number

of benches

and shoulders on the sides

of the

Snowy Valley and on

the

The Perisher (G.R. 3404 Mil.) and Big Brassy have been taken for the work of
glaciers (Browne, Dulhunty and Maze, 1944; Browne and Vallance, 1957), but it seems
There is no
that these features are more readily susceptible of other explanations.
slopes of

reason to suppose that the larger ones are not the result of the polycyclic development
of the major valleys, while the smaller are structurally controlled shelves, with bands

GLACIATION IN THE SNOWY MOUNTAINS: A KE-APPKAISAL,

184

The presence of tors on these outer
would have been intense, seems to rule out a glacial
hypothesis for these benches, and it is likely that altiplanation processes (Tricart,
1952) have helped to fashion them since most are on east and south-east facing slopes
where frost shattering and solifluction may well have been most active under periglacial
of particularly resistant rock along the outer edge.

edges, just

where

glacial erosion

conditions.
(/)

Stepped valley long-profiles.

Stepped long-profiles such as that of the upper Snowy valley have been cited as
evidence for glacial erosion (Browne and Vallance, 1957), but since even more markedly
stepped long-profiles can be found in unglaciated areas of similar rock, the stepping is
not diagnostic of glaciation (Fig. 3).
SNOWY

UPPER

RIVER

6000

GIBRALTAR

CREEK

It;

ACT.

MILES
Fig.

{g)

3.

—Long"

Catenary valley

Some

profiles

of

Upper Snowy River and Gibraltar Creek.

cross-profiles.

Snowy Mountains are straight troughs with catenary crossbut these features do not necessarily imply ice action, since many of the
unglaciated valleys of the Australian Capital Territory (e.g., Orroral Valley) have this
form.
The Perisher valley north of the summit road (G.R. 3606 Mil.) has been
valleys in the

profiles,

its straightness can be accounted for by control of
by a marked structural lineation (Browne, 1952). The catenary crossprofile when examined in the field proves to be more apparent than real and the
presence of sizable tors on the valley floor (G.R. 366067 Mil.) makes it highly improbable

described as a glacial trough, but
fluviatile erosion

that actively eroding ice passed this way.

A more

problematic case

is

the upper

Windy Creek

valley (G.R. 3114 Mil.) which

particularly trough-like and which might have contained ice at one time, since

it

is

lies

above 6000 feet and has a form and position not unfavourable to the accumulation of
snow. However, there are no moraines in this valley to confirm that it was glaciated,
and the main factor in determining the trend has been a well-developed structural
lineament along which the valley is aligned.

Some

valleys

whose straightness has been ascribed

in rock with only a thin veneer of alluvial material,

(G.R. 9545 S.M.A.).
glacial valley.

This type of cross-profile

is

have flat floors cut
the upper Valentine River

to glaciation
e.g.,

very different from that of a typical
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valleys.

A number of "glacial hanging valleys" have been mentioned in the literature (e.g.,
Brovrne and Vallance, 1957), but once again the evidence is not diagnostic and even
more striking examples can be found in the unglaciated Australian Capital Territory,
hanging hundreds of feet above the main valley. If the "hang" is of glacial origin, it
implies intense glacial erosion in the over-deepened main valley, less intense In the
tributary valley.
Yet in many of the examples cited (e.g., overlooking the Thredbo
River) it is the "hanging" valleys which are described as well glaciated and the main
valley as unglaciated.

Wright's Creek hangs several hundred feet above upper Spencer's Creek (G.R. 2901
(Browne and Vallance, 1957), but this relationship cannot be primarily due to

Mil.)

Contour

Fig-.

—Relationship

of Upper Spencer's Creek, Wright's Creek and Snowy River valleys.
H, "Hang" of Wright's Creek over Upper Spencer's
D, David moraine
Potential snow catchments of Upper Spencer's and Wright's Creek are outlined.
4.

C, Charlotte's Pass

Creek.

Interval 200ft.

;

;

If overdeepening by local glaciers had occurred,
Wright's Creek valley with the higher and more extensive snow catchment which
would have been deepened below Spencer's Creek valley (Fig. 4). Overdeepening of
Spencer's Creek valley cannot be ascribed to the action of ice spilling over Charlotte's
Pass from the Snowy Valley since, if such an ice stream were a powerful agent of

glacial deepening of the latter valley.
it is

would have largely removed the intervening ridge on which Charlotte's Pass
A weak diffluent branch of the Snowy Valley may indeed have come
over this ridge (see below), but it was not powerful enough to erode significantly the
The "hang" of Wright's Creek over upper Spencer's Creek
pre-existing landforms.
erosion,

is

it

situated (Fig. 4).

valley

is

the product of non-glacial erosion: such discordant valley junctions are

in non-glaciated granitic terrain.

common
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Truncated spurs.
of the Crummer Range (G.R. 2803 Mil.) has been ascribed
by a powerful valley glacier (Browne, Dulhunty and Maze, 1944). How-

The abrupt lower end
to truncation

ever, the granite at this point has very well-developed foliation parallel to the terminal

face of the spur, and glacial erosion need not have been intense to truncate this ridge.
Indeed the form could have been produced by non-glacial erosion. Faceting of spur

Munyang has also been ascribed to glacial erosion (Taylor, 1958), but this
seems unlikely since at this locality the Snowy Valley consists of deeply incised meanders
rather than the linear trough to be expected from severe glacial erosion. Truncation of
spurs cannot of itself be regarded as evidence for glaciation since equally fine examples
can readily be found in unglaciated areas such as the Thredbo valley.
ends near

(j)

Cirques.

Thirteen cirques exist in the highest part of the mountains (Fig. 6; Table 1) and
of their features have been carefully described by David, Browne and their
These cirques are all associated with distinct moraines and many have
co-workers.
glacial lakes; they form indisputable evidence for glaciation.

most

Table
Major

No. on
Fig.

Approx.

Grid
Reefrence

Name

Remarks

Altitude

5.

of Floor.t

(Mil.).

220982
233991
238996
2101

1.

Cirques.*

Cootapatamba

6700
6700
6500
6500-6800

WUkinsons.

Poorly defined.
Poorly defined.
ice action

228017
232032
243027

9
10
11
12
13

253020
248043
256048
272054
166057
278066

6300
6250
6150

Albina

Mawson.
Clarke

(?).

Club Lake.
Carruther (?).
Blue Lake.
Upper Blue Lake.

Twynam.

6200
6500
6500
6150
6500
6500

form only slightly modified by
younger minor cirque at head.

Pre-glacial valley

Very

;

distinct lateral moraine.

younger, minor cirque on headwaU.
Younger, minor cirque on headwaU.

Largest cirque

;

Poorly defined

;

Not

well

may

shown on

not be a true cirque.

1" to the mile Military

* For details of most of these cirques see David et al. (1901), Taylor, Browne and Jardine
and Maze (1944), Dulhunty (1945), Brown (19526).
t Based on contours of 1" to the mile Military map and Geehi S.M.A. 1 mile series.

(1925),

map.

Browne, Dulhunty

In addition to these cirques, a large number of less distinct depressions have also
been mapped as cirques or cirque-headed valleys (Browne, 1952&; Ritchie, 1952). The
writer has examined many of these features and has concluded that they fall into four
main types which grade into each other, only one of which could be regarded as truly
glacial.

The

first

type consists of large, shallow depressions, as

much

as a mile acrosts,

forming the heads of valleys (e.g., G.R. 3507 Mil.). Most are unsuited by their form
and orientation to act as snow catchments and show no evidence of glaciation, although
a few examples, more favourably situated in the lee of the Kerries Range, may have
once been occupied by weak glaciers. On the whole, however, these large depressions
are fluvial valley heads somewhat modified by solifluction and nivation. Ritchie and
Jennings (1955) came to a similar conclusion regarding most valley heads in the Grey
Mare Range which had been thought to be cirques (e.g., G.R. 237201 Mil.).

The second type

consists of

somewhat

smaller, better-defined hollows situated on

east facing slopes such as the lee side of Tate East Ridge (G.R. 3109 Mil.).

These are
nivation hollows and often contain such solifluctional forms as stone-banked lobes and

;
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that the two possible cirques

described by Ritchie and Jennings (1955)

fall into this

on the Grey Mare Range

category.

The third type also consists of rather small hollows on sheltered lee slopes, but
have a distinct ridge at their lower end, e.g., on the east side of The Back Perisher
These ridges appear to be pro-talus ramparts built up by blocks
(G.R. 349060 Mil.).
sliding down from the top of the headwall over immobile snow patches.
The fourth type is difficult to distinguish from the third, but the ridge at the lower
end is so situated that its origin as a pro-talus rampart seems unlikely, and it seems to
be a true moraine built up by a miniature glacier. An example occurs on the Kangaroo
Range at G.R. 276998 (Mil.). Probably the second, third and fourth types form an
evolutionary sequence, passing from nivation hollows to true cirques.
(k) Moraines.

As

and terminal moraines are
found in the Snowy Mountains.
These
moraines are proof of glaciation, but they must be carefully distinguished from other
features which have been taken for moraines in other parts of the area.
Confusion is possible between moraines and tors and such solifluction features as
stone streams, block fields, stone-banked lobes and stone-banked terraces. Tors can be
distinguished from moraines by their situation and by the consistent joint and foliation
stated in the previous section, well-developed lateral

characteristic

Fig.
features.
3

5.

features of the true

—-Diagram

cirques

to illustrate differences

— Stone-banked terrace in valley
—Stone-banked lobe —Block stream.
1

;

between (A) moraine ridges and (B) solifluction
2
floor
Stone-banked terrace on valley side
;

—

4

patterns displayed, although this latter criterion breaks

down

in the case of a tor

which

has weathered into a tumbled heap of boulders. Moraines can be distinguished from
solifluctional features by the occurrence of large closed depressions on their surface
(if the moraines are fresh), by their general trend in relation to the form of valleys
and cirques (Fig. 5) and by their ability to form "positive" relief, standing above their
Solifluctional features, on the other hand, must always lie
immediate surroundings.
below a contiguous source area, except in the rare cases (not applicable to the examples
being considered in the Snowy Mountains) where rapid mass movement on steep slopes
can form minor "positive" ridges in the debris at the foot. Boulder banked solifluction
features can have fronts 15 feet or more in height (cf. Galloway, 1961).
When examined with these considerations in mind, many of the "moraines" described
in the literature appear to be non-glacial. The "Dicky Cooper Bogong moraine" (Ritchie,
1952) is a rock outcrop, as are "moraines" described by Ritchie in the Finn's River and
Windy Creek valleys. In the latter valley, stone streams have also been taken for
moraines. The "White's River moraine" (Ritchie, 1952) seems to be a periglacial block
Small
field and the moraine at Taylor's Bog (David, 1901) is a stone-banked terrace.
"moraines" described as choking the heads of minor valleys (Browne, 19526) on the
Ramshead Range have proved to be stone-banked lobes and terraces such as characThe writer has; been
teristically form in such sites in a periglacial environment.
unable to find the "Masson moraine" (Taylor, Browne and Jardine, 1925).
The feature known as the David Moraine in Spencer's Creek valley (G.R. 308023 Mil.)
It is a ridge about half a mile long, rising to
is particularly puzzling (Figs 4 and 6).
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150 feet above the valley floor.

It has been taken to represent a major glacial accumulaformed during a period of valley glaciers (e.g., Taylor, Browne
and Jardine, 1925; Moye, 1955). The evidence for its origin and dimensions comes
from physiographic, lithologic, and seismic observations, from bores, and from sections.

up

tion,

to 300 feet thick,

This evidence requires critical re-examination.
(1)

The first part of the physiographic evidence is the
mouth of Upper Spencer's Creek valley where local

across the

position

of the

feature

glaciers and/or diffluent

streaming over Charlotte's Pass could have terminated. However, it is difficult to
why such a large morainic ridge should be found in this relatively minor side
valley, when no comparable feature exists in the Snowy Valley even though good sites
ice

see

exist there for the preservation of

moraines on broad rock shelves above the level of
not easy to understand why the moraine should
be so strictly confined to the northern side of Spencer's Creek valley since ice streaming
through Charlotte's Pass would have had most of its morainic load on its right-hand,
i.e., southern, side (cf. Pig. 4), and it is on this side of the valley that the bulk of the
moraine should have been deposited.
possible erosion by the river.

It is also

Browne and Vallance (1957) tentatively suggested
no more than the remnant of some much vaster old morainic
accumulation which filled Upper Spencer's Creek and neighbouring valleys, and was
This suggestion seems untenable since the
largely eroded by a later glacial advance.
moraine is situated across the exit from a supposed basin of glacial confluence, just
where the erosive effects of the suggested later glaciers would be most severe: it is the
least likely spot for a moraine remnant to survive under such conditions.
Secondly, it has been suggested (Browne and Vallance, 1957) that Upper Spencer's
Creek valley was glacially overdeepened to cause the "hang" of Wright's Creek, and if
this were so, a large moraine would be quite expectable. However, it has already been
pointed out above that the "hang" is unlikely to be of glacial origin.
A third physiographic argument is that the axis of the David moraine cuts across
the dominant SW-NB and S-N physiographic and structural lines of the area (den Tex,
this discordant trend could be taken to support the idea that the ridge is a
1955)
However, this rather anomalous trend is of little significance
depositional feature.
Recognizing these

that the David moraine

difficulties,
is

:

since

it

recurs in rock ridges in the same locality

(e.g.,

G.R. 319021 Mil.).

Fourthly, at the southern end of the ridge Upper Spencer's Creek tumbles over a
low dam of huge boulders very like a block moraine, or the washed remnants of a
terminal moraine.
This feature could result from past mass movement of boulders

down

the adjoining slope where boulder-banked solifluction terraces are in fact

Alternatively, but less probably,

from weathered rock in

The

it

common.

could result from the washing out of fine material

situ leaving the resistant core boulders.

David moraine rests on the
presence of stones believed to be foreign to the locality and to have been transported
glacially from the west and north-west.
These stones include boulders of acid granite
gneiss and smaller fragments of quartzite, phyllite, schist, slate, and basic igneous rock.
However, the acid granite-gneiss boulders are indistinguishable in hand specimen from
dykes and gneissic belts occurring in the vicinity; at least one occurrence of such rock
(2)

lithologic evidence for a glacial origin of the

Basic igneous dykes
in situ in a bore in the David moraine itself.
occur on the Guthrie Range (G.R. 2902 Mil.) immediately to the west (Browne and
Vallance, 1957) and could well occur in the ridge itself, while the other metasedimentary
rocks exist as xenoliths in boulders lying on the surface; quartzite in situ was
It sieems, therefore, that all the rocks cited as
encountered in a bore on the ridge.
glacial erratics could have a strictly local source and are not diagnostic proof of

was encountered

glaciation.
(3) Seismic investigations in connection with a proposed dam have been carried
out on the David moraine. The seismic studies revealed three layers within the ridge
with velocities of 13,800-19,000 f.p.s. in the basal layer (solid rock), 9000 f.p.s. in the
intermediate layer, and 3000-4000 f.p.s. in the upper layer which had a maximum depth

BY

K.

W. GALLOWAY.

189

It was at first thought that both the intermediate and upper layers
were morainic (Moye, 1955), but subsequent work (unpublished data from the Snowy
Mountains Authority) clearly demonstrated that the intermediate layer was weathered
Indeed, weathered rock extended up into the overlying low velocity layer
bedrock.
since it was encountered under 25 feet of overburden in a pit where the seismic data
indicated that the interface between the 3000-4000 and the 9000 f.p.s. layers was at a
This pit was in the valley bottom (G.R. 311025 Mil.) and
depth of about 40 feet.
consequently the debris cover may well have thinned upslope to even less than 25 feet.

of about 100 feet.

Bores were put down In the David moraine in association with the seismic
Core recovery was not good, indicating that the material was poorly
consolidated.
In two of the bores thin layers of sand, silt and clay were encountered
The unconsolidated nature of the
at depths of about 60 and 140 feet respectively.
material and the layering have been taken as evidence for glacial deposition.
(4)

investigations.

However, when the bore data were compared with the seismic data and with
information from the exploratory pit mentioned above, it became apparent that the
greater part of the unconsolidated material was weathered rock in situ.
The David
moraine is at most a veneer of unconsolidated material, less than 100 feet thick, draped
over a core of weathered bedrock. The layered material in the bores must result from
the disintegration of weathering shells round core boulders within the weathered
profile.
A clear example of this process is exposed along the Thredbo Valley road
near Little Thredbo Creek (G.R. 400000 Mil.) where weathering of horizontally jointed
granitic rock has resulted in parallel layers of sand, silt and clay forming under
boulders in situ.
(5)

A

trench and adit cut to about 30 feet below the surface near the foot of the

north-eastern face of the ridge exposed a rubble of boulders embedded in stratified,

contorted layers of sand, silt and clay (Snowy Mountains Authority, unpublished data).
This rubble was formerly taken to be glacially transported material, but the evidence is
more consistent with the fine material having accumulated as a terrace of Spencer's
Creek while the boulders arrived by solifluction from the slope above.

Thus the David moraine is a much smaller accumulation than previously believed,
more than 100 feet thick and probably much less. It is possible that it
was deposited as a morainic cover draped over a bedrock ridge by a relatively weak
diffluent branch of the Snowy Valley glacier coming through Charlotte's Pass.
However, there is reason to believe that the David moraine is not a moraine at all.
None of the evidence is inconsistent with the hypothesis that it is a weathered bedrock
On present
ridge whose upper layers have been disturbed by periglacial solifluction.
information it is not possible to choose between glacial and non-glacial hypothesis of
origin and accordingly both are considered below in the account of the glacial sequence
Nevertheless, it is the writer's opinion that the David
and on the map (Fig. 6).
certainly no

"moraine"
(Z)

is

not glacial.

Lakes.

In addition to the undoubted glacial lake& described by David et al. (1901) and by
Dulhunty (1945) there are a number of swampy flats in the Spencer's Creek valley
which have been taken to be infilled glacial lakes occupying moraine-dammed or icescoured hollows (David, 1908). These features can perhaps be better ascribed to the
damming of low-gradient valleys by solifluction and peat: similar swampy flats are
common on humid unglaciated plateaux such as the Barrington Tops north of Newcastle.
A terrace of boulders, gravel and sand on the right bank of the Snowy River at
G.R. 276020 (Mil.) has been described as the eroded remnants of the alluvial fill in a
former glacial lake ("Lake Andrews"). This lake was believed to have formed in an
ice-scoured basin whose outlet was subsequently lowered by fluviatile erosion, draining
the lake and allowing its bed deposits to be dissected by the Snowy River (David,
1908). Since the top of the terrace has a distinct down-valley slope of one degree, and
since the heterogeneous material does not become finer and better sorted downstream
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as would a lacustrine deposit, the terrace

down at
wasting away of a

is

more

satisfactorily explained as a glaci-

the margin of a

more or less stagnant ice mass,
probably during the
glacier issuing from Mawson's cirque (G.R. 2402
Mil.).
There is thus no need to postulate glacial overdeepening of the bed of the
Snowy River at this point in order to create a lake basin.

fluvial ice-contact feature laid

(m) Source area for an

An

ice sheet.

sheet powerful enough to transport granite boulders from the Kosciusko
area south-eastwards over the Ramshead Range would have to be supplied from an
ice

extensive,

snow catchment

high-level

the north-west of the present

to

main

divide.
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EXTENT OF GLACIATION

Mount Kosciusko-Twynam-Upper Snowy

valley area.

The upper Wilkinson's Valley (G.R. 2102 Mil.) is not extensive enough to have acted
as this catchment, and the rest of the area falls away very steeply to the deep Geehi
and Murray valleys.
Recognizing this problem, Jaeger and Browne (1958) have
suggested that down-faulting to the west since the ice sheet phase has removed the
However, dissection of the western flank of the Snowy Mountains
advanced that any such down-faulting must have taken place long ago and
any erratics or landforms on the eastern flank, resulting from such an early glaciation,
must have long since disappeared.
necessary source area.
is

so far

{n) Stream, capture.

Glacial erosion has been invoked to explain the capture of the former headwaters
Leather Barrel Creek by what is now the lower Cootapatamba Creek (Browne,
Vallance and Rutledge, 1955).
In contrast to the conclusions of these authors the
of
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writer has found no indication of glacial erosion here, and the presence of extremelysteep, heavily weathered, fragile tors more than 70 feet high is strong evidence against
active ice abrasion.
If glaciation is to be discounted, some other explanation of the

capture is required, and this can be found from a comparison of the gradients of the
two streams, and the geologic character of their valleys.

The common base

level for both

streams

is

at

Bringenbrong about 25 miles

to the

To reach this point
stream (lower Cootapatamba Creek) flows

north-north-west, where the Geehi River joins the

Murray

(Fig. 1).

from the locality of the capture the pirate
only two-thirds of the distance that must be traversed by the waters of Leather Barrel
Creek, and consequently has a steeper gradient.
Furthermore the Murray River, to

which Leather Barrel Creek is tributary, must traverse a wider belt of resistant
mountain country than the Geehi River system carrying the waters of Cootapatamba
Creek which is following favourable structural lineaments for much of the way. This
contrast in the resistance met by the two stream systems must have relatively hindered
downcutting by the Murray and consequently by Leather Barrel Creek. As a result of
this situation, for a long period the lower Cootapatamba Creek (like all tributaries of
the actively incising Geehi River) was favourably situated to deepen its valley and
encroach on the catchments of other streams and was thus able to capture the upper
Leather Barrel Creek. It was only later, when the Murray had at length deepened its
valley as far up as the confluence of Leather Barrel Creek, that the latter was
rejuvenated sufliciently to take advantage of a favourable local structure and threaten
to recapture its old

headwaters.

The Evidence

of Erratics.

In studying former glaciation the evidence of erratics can be considered in two
ways. On the one hand is the positive evidence of ice transport supplied by the presence
of rock fragments foreign to the area. For this positive evidence to be valid one must
be absolutely sure that none of the foreign rock outcrops upslope of the point where
the fragments were found, since solifluction can move material for long distances down
very gentle slopes. On the other hand, there is the negative evidence supplied by the
absence of erratics from areas where they should be found if glaciation had occurred.
Satisfactory negative evidence requires that a thorough search be made to ascertain
that no erratics are present, and the possibility of their removal or burial by solifluction

must be eliminated.
(a)

Positive evidence.

A

number

have been recorded and they provide the basic
David et al. (1901) recorded mica schist and
David (1908) also recorded phyllite in Spencer's
Creek valley and at Taylor's Bog. Browne, Dulhunty and Maze (1944) found quartzitic
phyllite near Charlotte's Pass and an alaskite boulder near Bulls Peaks (G.R. 9848
S.M.A.).
Browne (1952&) mentions a schist erratic on the Ramshead Range and
Browne, Vallance and Rutledge (1955) found metaquartzites on the Guthrie Range.
sediment erratics in the Masson Creek Valley (G.R. 2599 Mil.). Browne and Vallance
(1957) noted acid granite-gneiss boulders at the head of Wright's Creek (G.R. 2799 Mil.)
and spread over the flats at the head of Merritt's Creek (G.R. 2598 Mil.), and quartzites
in Trapyard Creek (G.R. 3000 Mil.). The David moraine in Spencer's Creek valley has
large boulders of acid granite-gneiss similar to the rock in the Kosciusko and Etheridge
Ranges and tinguaite from the Guthrie Range.
At first sight these erratics provide irrefutable evidence for an ice-cap glaciation
bringing material from the granite gneiss and metasediment belts in the west of the
area, but further examination throws doubt on the validity of the data. It has already
been pointed out in discussing moraines that material in the David moraine could have
been bi'ought there by a relatively weak diffluent branch of the Snowy Valley glacier
coming over Charlotte's Pass, or could be non-glacial material derived from weathering
of the rock in situ.
A weak Snowy Valley glacier could have brought the quartzitic
considerable

of erratics

evidence for the postulated ice cap.
quartz blocks on the Ramshead Range.
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This view is consistent with tlie presence of
found near Charlotte's Pass.
metasediment erratics on the north-eastern and south-eastern slopes of Mt. Clarke
(G.R. 2401 Mil.) up to an altitude of rather more than 6400 feet and with the occurrence
of occasional metasediment erratics in the Snowy Valley as far down as the Crummer
Range. No definite erratics have been found down-valley of this point, so the Snowy
Valley glacier must have been rather weak and must have terminated well upstream of
Guthega dam. A few hard blue quartzite stones found at G.R.297048 Mil. may mark the
furthest point attained by the Snowy Valley glacier, but this is by no means certain
since similar xenoliths occur nearby in the bedrock.
Three pebbles of schist and
quartzite picked up near Pound's Creek (G.R. 3106) were water-worn and appear to be
remnants of an old terrace.
On the Kangaroo Range and at the head of Merritt's Creek numerous boulders of
acid gneissic granite occur on the granodiorite. These have been cited in the literature
as evidence for glacial transport from the west.
However, in this area veins up to
several feet wide of similar rock traverse the granodiorite and weather to form
boulders which are then distributed by solifluction. Consequently, the supposed erratics
in this area are not diagnostic evidence for glaciation.
A large boulder noted by
Browne and Vallance (1957) within half a mile of the steep eastern face of the
Etheridge Range is a genuine erratic,* but it would not require a powerful ice sheet to
transport it: the relatively thin glacier developed on the steep lee side of the range at
its maximum extent would be sufficient.
On the Ramshead Range it has not been possible to find the individual erratics
phyllite

cited in the literature, but, as pointed out in the account of the geology given above,

inclusions of metasediments, quartz reefs and gneissic belts are not

granodiorite mass of which this range forms a part.

uncommon

in the

Consequently the "erratics" need

not be regarded as proof of an ice-cap glaciation.
(&) Negative evidence.

This type of evidence has rarely been considered in previous studies, but has now
been investigated at a number of localities throughout the area, care being taken to
select sites where the local slope conditions precluded the import or removal of erratics
solely

by

solifluction.

of Back Flat Creek (G.R. 9147 S.M.A.) is cut in metasediments and the
physiographic situation is such that if the Grey Mare Range to the west had been
glaciated there would be numerous erratics on the valley floor: none were found. This
metasediment belt was also examined for several miles to the north where higher
granite country lay to the east of it. If ice had come from this high granite country
it would certainly have brought erratics on to the metasediments: again none were

The valley

found.

The prominent peak

Jagungal rises to 6764 feet near the northern end of the
If an
the surrounding country by 700 to 1500 feet.
ice cap once existed in this area, Jagungal would certainly have functioned as a centre
of ice dispersal and abundant erratics of amphibolized dolerite would be found on the
surrounding rocks (Fig. 2).
The western, north-eastern, south-eastern and southern
slopes of Jagungal have been examined with this possibility in mind without finding
any such erratics.
In the vicinity of the Mailbox (G.R. 9648 S.M.A. ), Browne, Dulhunty and Maze
(1944) observed that there had been no glacial transport of granite erratics onto a
They also
metasediment outcrop; they drew no conclusion from this observation.
found an alaskite boulder which they suggested had been transported by a glacier for
half a mile in an easterly direction. Re-examination of the area confirmed the absence
of erratics on the metasediments and it was therefore concluded that this area had not
been glaciated. The supposed alaskite erratic can have been derived locally from one
of the numerous dykes of this rock in the area.
of

Snowy Mountains and dominates

Personal communication by T. Lang-ford-Smitli and P. Tilley.
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The eastern wall of the Lake Albina valley (G.R. 2302 Mil.) consists of metasediments on which rest gneissic erratic boulders derived from Mount Townsend on
However,
the opposite side of the valley: the evidence for glaciation is unequivocal.
the restricted spread of the erratics shows that the ice did not over-top the eastern wall
of the valley at Northcote Pass and consequently it was not part of an ice sheet, but
a much smaller glacier that developed on the eastern, lee side of Mounts Townsend
and Alice Rawson.
If the Snowy Valley glacier which originated in the Rawson's Creek basin (G.R.
2301 Mil.) had been powerful there should have been extensive eastward transport of
gneissic granite onto the metasediments, and of metasediments onto the granodiorite.

In fact only a few instances of such transport were recorded despite careful search
Numerous boulders of granite gneiss scattered on the southern side of the
(Fig. 6).
basin originated mostly by solifluction from outcrops upslope on the Etheridge Range

and on the crest of a ridge at G.R. 233006 Mil. It seems probable that the Snowy glacier
was sluggish and ineffective as an erosive agent. This conclusion is in accord with the
above discussions of the origin of "Lake Andrews" and the, form of the Crummer Range
and Charlotte's Pass.

The upper part of Cootapatamba Valley (G.R. 2298 Mil.) is floored by metasediments and consequently an ice sheet would have carried fragments of these rocks
either over the Etheridge Range onto the granodiorite to the east, or far down the
valley to the south-west. When the area was examined with these possibilities in mind
Beyond the
it was found that there had been no such extensive transport of erratics.
outer of the two terminal moraines enclosing the lake (David et al.. 1901) no certain
glacial erratics were found. A few rounded metasediment pebbles picked up near creek
level half a mile downvalley from the outer moraine may be glacial erratics, but could
The ice certainly extended no further
also be outwash gravels or terrace remnants.
than one mile downvalley from the outer moraine and indeed this moraine may mark
its greatest extent.
It is therefore concluded that even at its maximum, the ice here
amounted to no more than a very small valley glacier.

The

EvIDE^"CE of Dkift Deposits.

(a) "Till."

from the unconsolidated deposits
Both deposits
consist of a heterogeneous mixture of boulders and stones in a gritty matrix coating the
slopes and thickening towards the valley bottoms. Striations or faceting of the stones
are not reliable indications of a glacial origin since these features can also be produced
by mass movement, slickensiding and joint planes (Beavis, 1959). Erratics in the drift
would prove a glacial origin, but it has already been pointed out how tenuous are the
conclusions drawn from this type of evidence in view of the nature of the solid geology.
On the other hand, a high proportion of material derived from a source immediately
While stones in till generally
upslope is strong evidence for a solifluctional origin.
have a preferred orientation parallel to the direction of ice movement, a marked downslope orientation is characteristic of solifluction deposits except in lobe fronts where
It

is

difficult

to

distinguish

true

glacial

till

resulting from weathering and solifluction particularly in granitic areas.

a

transverse orientation

orientation

by

is

common

(Lundquist,

must be used with care since

it

is

1949).

The

of

preferred

to be

reworked

criterion

possible for glacial

till

solifluction.

most of the

drift heretofore classified in
not glacial; this includes the
drift in Moraine Pass (G.R. 241022 Mil.). Good examples of these rubbly deposits often
more than twenty feet thick are exposed in road cuttings throughout the area. On
the granitic rocks the deposits consist mainly of rounded core stones or arcuate
fragments of weathering shells in a gritty matrix. These core stones were initially
produced by deep sub-surface weathering and have been reworked by solifluction. At
the higher levels there is an increasing admixture of angular, frost-shattered fragments.

Despite these difficulties

the literature as "moraine"

it

is

(i.e.,

clear that

till)

is

solifluctional,
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On

the metasediments the solifluction deposits consist mainly of frost-shattered angular

pieces in a sandy or silty matrix.

above 6000 feet these deposits cover most of the landscape and
forming under the contemporary climate, though undoubtedly they
did so much more actively in severer conditions of the past; between 6000 and 4000
feet they are widespread, but are now stabilized under soil and vegetation; they are
still common down to 3000 feet and below this altitude sporadic occurrences are found
down to much lower levels, though these lower deposits may have some other, nonIn round

are in part

figui'es,

still

periglacial, origin.

The intense

solifluction in the higher areas has helped to produce smooth, rectilinear
the north-west side of the Kangaroo Range) which have hitherto been taken
as evidence of ice abrasion.

slopes

(e.g.,

Deposits particularly resembling glacial drift are exposed in roadside cuttings along
the Thredbo River and around Island Bend (G.R. 4215 Mil.) in the Snowy Valley
These exposures consist of a jumble of boulders in a matrix of gritty
(PI. xii, fig. 2).
sand, silt and clay, irregularly interspersed with lenses and layers of stratified granitic
in particular, about one mile north-east of Island Bend (G.R. 450163
above the river, and at least 40 feet thick, closely resembles till and, if
of glacial origin, would imply the former existence of a powerful Snowy Valley glacier

sand.

One exposure

Mil.), 150 feet

at least 16 miles long.

Nevertheless, despite the similarity to

till,

the situation and

structure are such that a glacial origin seems unlikely for the following reasons.

Any glacier capable of descending the Snowy Valley to this point at only 3700
above sea-level would surely have been a powerful agent of erosion drastically
modifying the pre-existing glacial forms. Much of the Snowy Valley upstream of this
exposure, however, and particularly the six miles stretch between Island Bend and
Guthega, has a typical fluvial V-shaped cross profile with overlapping spurs, and shows
no sign of glacial erosion. It might be argued that these fluvial forms have developed
by stream incision in the floor of an old valley subsequent to the passage of the ice,
but if this were the case, survival of the unconsolidated drift in question in the face
of such active incision is extremely unlikely.
(2) The stratifled lenses and layers in the exposure do not dip down valley as
would be expected in the case of till, but downslope from the valley side towards the
(1)

feet

river.

(3) If this material were till, the included stones should be dominantly oriented
along the valley, parallel to the direction of ice transport; instead they are dominantly
transverse to this direction and parallel to the local slope. This suggests an emplacement from the valley side rather than by a glacier. Extensive reworking of the material
by mass movement after deposition can be ruled out because of the preservation of

delicate water-laid stratification in the finer fraction.
(4)

The deposit resembles others exposed nearby and in the Thredbo Valley which
work of mass movement and surface washing, and lie well below any

are clearly the

possible glaciation.
(5)

The

deposit has a form and situation, at the

mouth

of a steep side valley,

consistent with those of a debris fan.
It is
For this deposit, therefore, an origin as a debris fan seems most likely.
suggested that the fan was built up mainly by the mass movement of bouldery rubble
derived from the steep slopes which overlook it, with intervals of surface wash when
the lenses of stratified material were laid down. The extensive dissection of this fan
and the weathered nature of the material indicate a considerable age. It is not clear if
the deposition took place as a result of mud fiows or of solifluction under periglacial

conditions.
(&)

Outwash.

Extensive glaciation would have been marked by notable outwash fans and terraces
in adjacent areas, yet such features are poorly developed.
This is partly due to the
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weather into boulders too large

Nevertheless,

district.

the paucity of glaci-fluvial

believing that the glaciation
(c)

was very

by streams,
remove entirely from the

to be transported

or into sand and finer material which running water can

phenomena

is

further reason for

restricted.

Varves.

Vallance (1953) has discovered a thin deposit of stratified clays with graded bedding
in Trapyard Creek and has tentatively suggested that these are glacial varves.
However, deposits of unconsolidated sediments with graded bedding can form in many
environments and by themselves can hardly be taken as evidence for or against
glaciation.
Stratified clays are exposed in a ditch on the David moraine, and are
probably related to fluctuating sedimentation below a snow patch.

The Glacial Seqtienoe.
apparent from the foregoing discussion that there is no irrefutable
evidence for an extensive ice cap while there are strong arguments against it.
It is
the writer's belief that only a very small glaciation existed, confined to the highest
country around Mts. Kosciusko, Townsend and Twynam, with possibly a few small
It

will

be

outliers to the north-east (Figs 1
"

(a)

Maximum

it is felt

of the rarity of indubitable erratics

maximum

extent of the

that the inner of these

The outer

6).

extent.

On account
exactly the

and

shown

is

ice.

Two

the

more

it

has not been possible to map
shown on Figure 6 and

possible limits are
likely.

has been drawn on the assumptions that
a true glacial feature fed by diffluent ice coming through Charlotte's
Pass, that the snowline was low enough to give permanent snow fields or ice caps above
about 6900 feet even on windward slopes, that the ice extended a little farther than
indicated by erratics, and that the fresh minor and incipient cirques on outlying sites
(e.g., the Kangaroo Range) were occupied by slightly more extensive glaciers at the
maximum than those indicated by their present terminal moraines. According to this
delineation, the maximum extent of the glaciers was about 20 square miles and the
limit

the David moraine

(also

in Fig. 1)

is

Snowy Valley.
shown on Figure

lowest terminus was at about 5500 feet in the

The inner

maximum

6 has been based on a
with the distribution of erratics, on the belief that the David moraine
is not glacial, and on the assumption that permanent snow fields could exist only on
sheltered lee slopes. According to this limit the total glacierized area was only about
12 square miles, and only tiny outlying glaciers existed.

limit for the

extent

close correlation

Whatever the exact
number

limits of the

maximum

stage

may have

been,

it is

clear that

it

mainly from cirques
on the south-eastern lee side of the Kosciusko-Twynam ridge with the major contribution coming from Mawson's cirque, Club Lake cirque and Blue Lake cirque, while
Rawson's valley contributed relatively little. Erratics on the slopes of Mount Clarke
consisted of a

of small confluent valley glaciers issuing

maximum thickness of about 600 feet for the ice in this locality, while
David et al. (1901) showed that the maximum ice thickness was 400-500 feet in the
Blue Lake area.
Glaciers also occupied Wilkinson's valley to the north-west and
Cootapatamba valley to the south of Mt. Kosciusko.
indicate a

No definite evidence is available on the age of the maximum glaciation. Although
the extensive weathering of the material in the David moraine might be taken to
indicate a considerable age, caution is necessary because much of the material could
have been partially weathered before transport to the spot, and in any case the ridge
may not even be of glacial origin. Furthermore, at least one of the young cirque
moraines, certainly of late Wiirm age, is extensively weathered* and granite can
weather rapidly in a cool, humid, montane climate (cf. the work of Bocht and Filler
*

A. B. Costin, personal communication.
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metasediment erratics and tlie preserva"Lake Andrews" right in the valley bottom support
the conclusion that tlie maximum glaciation was relatively recent, probably of middle
Wiirm age. A Wiirm age for the glaciation in the Snowy Mountains is consistent with
current opinion regarding the age of the glaciation in Tasmania (Gill, 1956; Jennings
and Ahmad, 1957; Jennings and Banks, 1958; Davies, 1962).
The only direct evidence for an earlier glaciation is the large size of the Mawson's
and Blue Lake cirques which suggests a long period of erosion. It could well be that
they were initiated by small cirque glaciers during an earlier glaciation, and that the
Wiirm glaciers, aided by the more favourable landforms thus created, were able to
expand further and remove all traces of the earlier ice action. Butzer and Franzle
(1959) have put forward a similar solution to this problem in Spain. The occurrence of
deeply weathered old solifiuction layers in other parts of the Snowy Mountains is,
however, definite evidence that cold, if not strictly glacial, conditions have affected the
area prior to the Wiirm.
cited in

Wilhelmy, 1958).

Tlie freshness of the

tion of the glaci-fluvial terrace of

(&) Cirque glaciation.

The

retreat of the ice

from

its

maximum

extent was not uniform, and

when distinct moraines were laid down.
merely marked pauses in the retreat or were times

rupted by two periods
periods

The sequence

readvance.

is

of

was

not clear

It is

actual,

if

if

inter-

these

limited,

most clearly seen at Lake Cootapatamba, where the two

separate moraines were described by David et al. (1901), but can be discerned in some
of the other cirques and seems to be universal throughout the area.
The freshness
of these moraines has often been

interesting to note that in

some

remarked upon, and indicates a

late

Wiirm age. It is
main glaciated

of the small incipient cirques outside the

area the latest stage may have been the most extensive, since there is no definite
evidence for more than one, very fresh, moraine.
Presumably here, too, the late
glaciers benefited by the more favourable topographic forms generated during earlier
stages.
However, it cannot be ruled out that the last spasm of the ice age was also
the most severe, and its generally limited extent might be a result of briefer duration
rather than of lesser severity.
(c)

The
The

glacial snoivline.

altitude of the

Wiirm

the level of the cirque floors.
feet

orograpJiic snowline

In the

(Flint, 1957)

Snowy Mountains

above sea-level with a mean level of 6450 feet (Table

extent of the glaciation the orographic snowline

was a

can be equated with

these range from 6150 to 6700
1).

little

Probably at the

maximum

lower, but cannot have been

below 6000 feet, otherwise cirques would have formed on the mountains south of the
Thredbo Valley and in the southern part of the Australian Capital Territory where
the summits rise well above this level.
The altitude of the orographic snowline was, of course, closely controlled by relief
and it is probable that at no time did the climatic snowline descend low enough to
intersect the mountain tops.
However, it is just possible that the very highest areas,
over 6900 feet, were above the climatic snowline, and the outer limit of the maximum
glaciation on Figure 6 has been drawn on this assumption.
In this relatively low
latitude (36° S.) it is probable that ablation was rapid and consequently snow supply
and glacier movement would likewise have been rapid to maintain the glacier's
equilibrium.

The

It is

therefore unlikely that extensive areas of semi-stagnant firn existed.

cirques are situated on steep east or south-east facing lee slopes, as are the long-

snow patches of today (Fig. 6). This indicates that the snow-bearing winds
during the glaciation were from the west and north-west as at the present time, and
that drifting into sheltered sites was a key factor in determining the location of the
cirques.
Probably the factor of orientation away from direct solar radiation was less
significant than drifting.

lasting

The

crucial importance of relief in controlling the development of the cirques

illustrated

by a comparison

of

is

Rawson's valley with the Albina and Cootapatamba

—
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and

have been glaciated during
Cootapatamba
and Albina valleys held significant glaciers, plastered against their steep western sides.
In Rawson's valley, with a west wall only slightly lower and less steep than those of
the other two valleys, ice was restricted to a tiny glacier on the south-east slopes of
All three valleys have a similar alignment,

valleys.

the

maximum

Mueller's

all

glaciation: during the later cirque stages, however, only the

Peak (G.R. 228017

Mil.).

The

was subject

rest of the wall

to

periglacial

with thick solifluction debris while glaciers were still actively
plucking the corresponding walls of the Albina and Cootapatamba valleys. In view of
the small size of the glacier in Rawson's valley during the final stages of the glaciation,
what is surprising is, not that the glacier it contained during the maximum stage was
sluggish (see above), but that it was so large; perhaps its supply was augmented by ice
or firn overflowing through the col north of Mount Kosciusko (G.R. 227013 Mil.) from
Wilkinson's valley to the west.
agencies which coated

it

It is interesting to note that the deduced orographic snowline, the extent and
nature of the glaciation, and the solifluction altitudinal limits in the Snowy Mountains
are very similar to those recorded by Franzle (1959) for the glaciation in the mountains
of Central Spain, in latitude 41° N. This suggests that the glacial climates of these two
widely separated areas were similar, and that the thermal equator, as today, was some
5° N of the geographic equator.
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Tor on east slope of Etheridge Range.
Drift deposit near Island Bend.
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NEW RECORDS AND

SPECIES OF AUSTROMALAYAN LAELAPID MITES.
By Robert Domkow, Queensland Institute of Medical Research, Brisbane.
(Sixty Text-figures.)

[Read 28th August, 1963.]

Synopsis.

Data considerably extending- the known distributional and host-ranges of some Austromalayan laelapid mites are recorded.
Of the 20 genera listed, all are known except one,
Hattena (type species by monotypy, H. erosa).
Of the 45 species listed, six are new, as
follows: Haemolaelaps hattenae, n. sp., from a rat-kangaroo, Bettongia cuniculus, Tasmania;
Hattena erosa, n. g., n. sp., from a bird, British North Borneo Ichoronyssus radovskyi, n. sp.,
from a bat, Malaya Laelaps cybiala, n. sp., from the broad-toothed rat, Mastacomys fiiscus.
New South Wales, Victoria and Tasmania; Liponyssoides warnckei, n. sp., from a swiftlet,
Collocalia banicorensis, and a bat, Miniopterus schreibersi. New Guinea
and Ornithonyssus
latro, n. sp., from a bat, Eptesicus pumilus. New South "Wales.
The subfamily Myonyssinae
(represented by Myonyssus decumani), and the ear-mite of cattle {RailUetia auris)
are
recorded from the Southern Hemisphere for the first time.
;

;

;

,

Mite material received recently from many sources in Australia has yielded a fine
of laelapid mites.
These comprise several new species, and numerous
valuable records of known species.
These are figured, described and recorded below.
The opportunity has also been taken to include some Malaysian material received from
the Smithsonian Institute, U.S. National Museum (Domrow, 1962), and some drawings
prepared while I was on half-time loan to the Institute for Medical Research, Kuala
Lumpur, to participate in a project Bionomics of Oriental-Australasian acarine vectors
sponsored by the G. W. Hooper Foundation (University of California Medical Center),
and supported by U.S. Public Health Service Research Grant AI-03793-03 (formerly
E-3793), National Institute of Allergy and Infectious Diseases. It is too space-consuming
to mention the many donors by name here, but all collectors are carefully acknowledged
in the systematic list below. I am most grateful to them all, for, in this area, material
from even well-known animals is always welcome. Many new species are undoubtedly
still to be found on the numerous animals not yet examined for mites.
collection

The type series of the new species are distributed among the following institutions,
abbreviated
BMNH, British Museum (Natural History), London;
IMR, Institute for Medical Research, Kuala Lumpur;
NIC, National Insect Collection, C.S.I.R.O., Canberra;
QIMR, Queensland Institute of Medical Research, Brisbane;
SPHTM, School of Public Health and Tropical Medicine, Sydney;
USNM, United States National Museum, Washington.

Deemantssus gallinae (de Geer).
Acarus gallinae de Geer, 1778, Mem. Hist.

Insect.,

7:

106.

Dermanyssus

Hirst, 1922, Mites injurious to domestic animals, B.M. (N.H.), London,

gallinae.

p. 87.

This species, and the three known species of Ornithonyssus included herein, are
although all four have been recorded from Australia, I have seen so
much misidentified material among old "economic" collections that a formal recognition
of their presence in Australia seems desirable.
Very numerous females and nymphs
from the coops of domestic fowl, Warracknabeal, Victoria, xi.l962, V. M. Rodda. I am
unable to separate one female from Meliphaga flavicollis, Cascades, Hobart, Tasmania,

listed because,

Proceedings of the Linnean Society of

New South

Wales,

1963, Vol. Ixxxviil, Part

2.
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B. C. Mollison, except by its dorsal shield's possessing only eleven pairs of
setae rather than the fifteen typical of the species. According to Evans and Till's key
just received (1962, Ann. Mag. nat. Hist., (13) 5: 273-293), this specimen would be
15.1.1961,

D. Mrundinis (Hermann, 1804).

EcHiNONYSsus NASUTUS Hirst. (Figs 1-2.)
EcMnonyssus nasutus Hirst, 1925, Proc. zool. Soc. LoncL., p. 51.
As only the ventral surface was figured in the original description, a
dorsum is given here. I have seen the following material from Tupaia glis

figure of the

— one

female,

Subang, Selangor, Malaya, 28.xii.1956, R. Traub; seven females, secondary rainforest,
SW of Tapuh, Sarawak, 6.vii.l958, T. C. Maa.
With the description (Bregetova and Grokhovskaja, 1961) of such intermediate
forms of Hirstionyssus da Fonseca, 1948, as H. indosinensis and H. callosciuri, it is
clear that these two genera are synonyms.

—

on

Text-figs 1-2. Echinonyssus nasutus Hirst. Female.
scales represent lOO/Ci, unless otherwise indicated.)

1,

Venter;

2,

Dorsum.

(.The divisions

all

EcMnonyssus

validipes

Echinonyssus validipes Domrow.
Domrow, 1955, Proc. Linn. Soc. N.S.W.,

80:

133.

Three males from Potorous tridactylus (Kerr), Tooloom, New South Wales, 15.xi.l961,
J. H. Calaby; two females and one male from P. tridactylus, Sandfly, Tas., 8.V.1962,
B.C.M. This is the type host.

Eulaelaps phalacrus Domrow.
Eulaelaps phalacrus Domrow, 1960, Acarologia,

438.

2:

The following specimens from Rhinosciurus laticaudatus
the original host record

— 58

females, Ulu

Gombak

in

Malaya

Forest Reserve

800',

will

16

confirm
miles N

Kuala Lumpur, Selangor, 22.viii.1956, R.T. and Phang Ong Wah; 97 females, Ulu
Gombak P.R., 17 m. N KL, 16.xii.l957, R.T.; two females, Kepong Forest Reserve,
Selangor, ll.iii.l958, R.T. and P.O.W.; 70 females, Klang Gates, Selangor, 5.ii.l959,
P.O.W. and B. Ensoll; 5 females, Bukit Pelindong, Kuantan, Pahang, 22.vi.1957, Div.
Med. Zool., I.M.R.; 13 females, Bt. Pelindong, 24. vi. 1957, same coll.; five females,
Kledang Saiong Forest Reserve, 10 miles
(According
Ipoh, Perak, 20.ix.l958, R.T.
to the Survey Dept., this forest reserve is in the Kuala Kangsar area.
They also note
a Gunong Kledang 10 miles
Ipoh, and a G. Saiong 20 miles N Ipoh.)

W

W

—

——

—
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EULAELAPS STABULARIS

Gamasus

Koch,

stahularis

1836,

Deutschl.

Eulaelaps stabularis, Domrow, 1960, Acarologia,

201

(Kocll).

Crustac.
2:

Myriap.

Arachn.,

4:

13.

436.

Two

further females of this species have come to hand from Malaysia Tujxiia glis.
Maxwell's Hill 4400', Perak, Malaya, 21.vi.l958, R.T.; ? civet (native name
sinbong*), Tenompak, Mt. Kinabalu, British North Borneo, 9.ii.l959, T.C.M.
forest,

Gymnolaelaps anivectans Womersley.
Gymnolaelaps amiectans Womersley,

Domrow,

1955,

1961, Proc. Linn. Soc. N.S.W., 86:

61;

Aust. J. Zool.,

3:

419.

G.

annectans.

1962, Aust. J. Zool., 10: 274.

This species has been associated with numerous animals, both birds and mammals.
Further records comprise four females from the nests of fairy penguins, Bowen Is.,
N.S.W., i.l962, B. McMillan; one female from Isoodon ohesuJus, St. Valentine's Peak,
Tas., 13.viii.l962, B.C.M.

Haemolaelaps domrowi Womersley.
Haemolaelaps domrowi Womersley, 1958, Proc. Linn. Soc. N.S.W., 82: 301.
This species is common on bandicoots in eastern Australia. I give here only an
additional record from Tasmania, one female from Perameles gunnii, Maydena,
29.xi.1960, B.C.M.

Haemolaelaps gallinarii Grokhovskaja and Nguyen Xuan Hoe.
Haemolaelaps gallinarii Grokhovskaja and Nguyen Xuan Hoe, 1961, Zool. Zh., 40:
1634.
Haem,olaelaps audyi Baker, Traub and Evans, 1962, Pacific Insects, 4: 92.
A new host record for this species, which is common on squirrels in S.E. Asia, is
one female,

Callosciurns

jentinki,

j.

cloud

forest

6300',

Lumu Lumu,

Mt.

Kinabalu,

B.N.B., 21.vii.l950, R.T.

Haemolaelaps hattenae,

n. sp.
(Figs 3-5.)
marsuinalis complex, but immediately separable
from the other four species by the presence of two pairs of usurped ventral setae on
the genitoventral shield.

Diagnosis.

—A

member

of the H.

—

Holotype female and five paratype females from the Tasmanian
Bettongia cuniculus (Ogilby)
(Macropodidae), Green's Beach, Tas.,
4.iv.l962, R. H. Green.
Holotype NIC; paratypes BMNH, USNM, QIMR.

Type material.

rat-kangaroo,

Female.

— Idiosoma

from 803

Dorsal shield with 39 pairs of
and four times as long as
the discal setae. Pores are present on the shield, but their disposition is not clear in
the material at hand. Dorsal marginal cuticle with about seventeen to nineteen pairs
of setae similar to those on dorsal shield.
oval,

to

847^ long.

setae, the posterior pair being twice as long as the marginal,

Venter. Sternal shield with anterior margin straight, and posterior margin concave;
preceded anteriorly by evenly arranged striae; anterior two-thirds of shield also striate.
Usual six sternal setae and four lyriform pores present on shield. Metasternal complex
fully formed. Genitoventral shield expanded behind coxae IV, with two pairs of usurped
ventral setae behind genital pair. These three pairs of setae are all distinctly on the
plate in all six specimens of the type series.
Fourth pair of ventral setae usurped in
Laelaps distinctly off the shield. Ventral cuticle with an additional 20-22 pairs of setae.
Anal shield triangular, separated from genitoventral shield by a strip of cuticle narrower
than length of anus.
Adanal setae at level of centre of anus, rather weaker than
postanal seta. Metapodal shields well formed, elongate. Peritremes extending forward
to anterior margin of coxae I; peritremal shields not fused to sclerotized band behind
coxae IV.
Legs. Coxal setal formula 2.2.2.1, some of the setae being weakly barbed like the
other stronger body setae, but otherwise not modified in any way.
*

Harrison and Traub

(1953)

ferret badger, Melogale orientalis.

collected

the

Dusun word sim bon

at

Tenompak

for the

—
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Tritosternal base strongly barbed laterally; laciniae ciliated.

sternal groove with about six rows of denticles, each with two to five teeth.

DeutoInner

posterior hypostomal setae the longest, and outer pair the shortest of the four pairs of

Palpi undistinguished, with bifurcate claw, and two clavate setae
Epipharynx elongate, acutely
Labial cornicles well defined.
on inner face of genu.
pointed. Fixed digit of chelicerae hyaline, edentate; pilus dentilis elongate, but not as
long as in H. onarsupialis. Movable digit sclerotized, with strongly curved point, and
two teeth.
setae on gnathobase.

IDF

RD

H aeniolaelaps

Text-figs 3-4.

hattenae,

n.

Female.

sp.

—

3,

Venter

Haemolaelaps marsupialis Berlese.
(Haemolaelaps) marsupialis Berlese, 1910, Redia, 6:
marsupialis, Keegan, 1956, Trans. Amer. micr. Soc, 75: 315-6.
Although this species is rare on bandicoots in north Queensland,

;

Dorsum.

4,

'.

Laelaps

of

The following Tasmanian records

Brisbane.

will

confirm

its

261.

Haemolaelaps

common south
southern range

it is

Isoodon ohesulus, Green's Beach, 28.1.1961, B.C.M.; Perth, 8.viil.l961, R.H.G.; Eaglehawk
Neck, 9.ix.l961, T. Andersen; Cascades, Hobart, 5.vii.l962, B.C.M.; St. Valentine's Peak,
13.vii.l962, B.C.M.;
St. Valentine's Peak, 2.ix.l962, T.A.;
Rokeby, 19.ix.l962, T.A.;
Perameles gunnii, Maydena, 29.xi.1960, B.C.M.; Kingston, 24.ix.1962, T.A.

Haemolaelaps quartus Domrow.
Haemolaelaps quartus Domrow, 1961, Proc. Linn.' Soc. N.S.W., 86: 61.
The following records from Aepypryvmus rufescens will confirm the original host
record one female, Camp Mt., S.E. Queensland, 17.vii.l954, E. N. Marks; two females,
Tooloom, N.S.W., 14.xi.l961, J.H.C.

—

Haemolaelaps traudi (Strandtmann).
187.
HaemoTraub and Evans, 1962, Pacific Insects, 4: 91.
A new host record for this species, which is common on squirrels in S.E. Asia, is one
female, Rhinosciurus laticaudatus, Pahang Road 16 miles N Kuala Lumpur, 5.vii.l948,

Atricholaelaps traubi Strandtmann, 1948, Proc. ent. Soc. Wash., 50:

laelaps trauhi. Baker,

R.T.

Hattena,
Diagnosis.

—At

labial cornicles

couplet 45

and chelicerae),

n.

g.

(a rather subjective one involving the strength of the
in the

key

of Baker,

Camin

et al.

(1958),

it is difficult

—
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Strandtmann and Camin (1956)
two groups at family level, and several workers,
including myself, now prefer to treat them, and several other groups, as subfamilies
The new genus has the following
at most of the Laelapidae sensu Vitzthum.
"dermanyssid" characters (mostly involving the gnathosoma) labial cornicles rather
weak; cheliceral digits weakly dentate; corona absent; pilus dentilis probably absent;
peritremalia encircling coxae IV. In the keys of Strandtmann and Wharton (1958) and
Zumpt and Till (1961), the new genus runs out near Macronyssus, Sauronyssus and
Ichoronyssus. Hattena may be immediately separated from these three genera by its
abbreviated genital shield and the extreme erosion of the sternal shield, which takes
in only the first pair of stei'nal setae and pores.
Type species by monotypy Hattena erosa, n. sp.
to decide if this

is

laelapid or dermanyssid.

also have difficulty in separating these

—

Text-fig.
Text-flg-s 6-7.

Gnathosoma.
Female.
Haemolaelaps hattenae, n. sp.
5.
Hattena erosa, n. g., n. sp. Female. 6, Dorsum 7, Gnathosoma.

—

Hattena ekosa,
Type material. Holotype female and
Kamborangah, Mt. Kinabalu 7800', B.N.B.,

n. sp.

—

USNM, BMNH, QIMR,
Female.

—Idiosoma

(Figs 6-8.)

six paratype females
26.vii.1951, R.T.

from a bird RTB9070,

Holotype

USNM;

paratypes

R. Traub.
715-825/x long in

somewhat

Dorsal shield
flattened condition.
Marginal cuticular setae about sixteen on

truncate posteriorly, with 21 pairs of setae.

each

;

side.

Venter.

and two

Sternal shield

pores.

much reduced

to

an irregular crescent bearing two setae

All remaining sternal and metasternal setae and pores set free in

cuticle.
Genital shield small, not expanded or extending beyond level of posterior
borders of coxae IV; with genital setae set on extreme margin near posterior of shield.
Anal shield strongly convex in anterior half, and with cribrum occupying all of
posterior margin. Anus set in anterior half, and flanked by two adanal setae. Postanal
seta near posterior angle, about as long as adanals.
Ventral cuticle with about ten to
twelve pairs of setae, and two extremely minute platelets immediately behind the genital
plate.
Metapodal shields elongate, minute. Peritremes abbreviated, extending forward
only to level of posterior margin of coxae II. Peritremalia extended to encircle coxae IV

posteriorly.

Coxal formula 2.2.2.1, all setae quite unmodified.
Dorsal setae on femora
and II only very slightly stronger than other leg setae. Coxae II without
strong anterodorsal spine.
Legs.

and genua

I

—

—
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Gnatliosoma.

Tritosternum with simple base, and weakly ciliated laciniae.

sternal groove narrow, with about eight tiny groups of two to four denticles.

DeutoLabial

All four pairs of hypostomal and gnathosomal setae strong,
Gnathobase ventrally with five lines of minute serrations as figured. Tectum
Chelicerae with very short shafts, and two well-formed, strongly
weakly convex.
sclerotized digits. Movable digit edentate but with apex strongly and inwardly curved;
fixed digit also with apex strongly curved, and with an accompanying denticle.
Pllus
dentilis apparently absent.
Corona absent.
Palpi stout, undistinguished.
Claw
cornicles definite, but small.

subequal.

bifurcate.

Text-fig.

8.

Hattena erosa,

n.

n.

g.,

sp.

Female.

Venter.

HiESTioNYSsus MuscuLi (Johnston).

Dermanyssus musculi Johnston,

1849,

The acarides

of

Berwickshire specifically

described in History of the Berwickshire Naturalists' Club, Berwick-upon-Tweed, p.
362-373. Hirstionyssus musculi, Bregetova, 1956, [Gamasid mites'], USSR Academy of
Sciences, Moscow and Leningrad, p. 184.

Two final records of this species from Australia would not be out of place Mus
musculus, Hobart, Tas., 12.iv.l962, B.C.M.; M. musculus, Maria Is., Tas., 22.iv.1962,
B.C.M.
ICHOEONYSsus ARisTippE Domrow.
Ichoronyssus aristippe Domrow, 1959, Pkoc. Linn. Soc. N.S.W., 83: 228.
The following records from Miniopterus schreibersi will confirm the original host
record Gatop, Finschhafen Subdistrict, New Guinea, x.1961, B.McM.; Bilak Bokis,
Gevak, N.G., 22.i.l962, B. Dew; Wombeyan Caves, N.S.W., 17.v. and 25.viii.1962, B.D.

—

Ichoronyssus radovskyi,
Diagnosis.

—This

would now confirm
of Hirstesia have

n. sp.

(Figs 9-14.)

new

my

species would, in a stricter sense, be held a Hirstesia, but I
belief (1959) that these two genera are synonyms. Four species

been

described,

two

from

Africa

and

two

from

Europe

(see
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The two African
Strandtmann and Wharton (1958) for a complete bibliography).
may be separated readily from I. radovskyi by their discrete anal shield in the
male, while the two European species are distinct in such characters as the shape and
setation of the dorsal shield, and the texture of the genital shield and sternal organs in
/.
radovskyi is separated from those typical Ichoronyssus species with
the female.
sternal organs by the presence of usurped ventral setae on the genitoventral shield.
species

Ichoronyssus radovskyi, n.
Venter ?
13, Gnathosoma $

Text-figs 9-14.

dorsum

$

;

12,

;

;

sp.
14,

—

9,

Venter d

;

10,

Dorsum

$

;

11,

Abnormal

Chelicera $.

—

Type material. Holotype female, allotype male, seven paratype females and one
paratype male from a small brown bat RT8250, bamboo tree, Pahang Road 16 miles
N Kuala Lumpur, Selangor, 31.vii.l948, R.T.; also eight paratype females with no data
except Pahang Road, 23.iii.1949.
Holotype and allotype USNM; paratypes USNM,
BMNH, QIMR, R. Traub.
Female.

—Idiosoma

more compressed

specimens 506-550j(x long, but from 616 to 638/x in
Dorsal shield rather narrow, tapering and truncate in

in unflattened

material.

posterior quarter; with 26 pairs of setae, of which fifteen marginal and anterior paii's
are elongate, and one vertical and ten discal pair*" minute. One specimen is atypical in
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having an extra pair of minute posterodiscals, and many of the other pairs much
weaker. Marginal cuticle broadly exposed, the normal specimen illustrated with about
36 pairs of setae similar in strength to those on margin of dorsal shield.
Sternal shield with anterior and lateral margins almost straight; posterior margin
evenly concave almost to level of second pair of sternal setae. Shield with usual three
pairs of setae and two pairs of pores. Sternal organs semicircular, with inner (rounded)
margin well defined, and with punctae heavier near this margin. Metasternal setae
present, but metasternal pores apparently absent. Genitoventral shield with usual two
genital setae between coxae IV, and with three usurped ventral setae (arranged 2 + 1)
This is the arrangement in all
either on or virtually on the shield posteriorly.
specimens except two, which bear 2 + 2 usurped setae. Anal shield elongate pear-shaped,
with anus near anterior margin. Adanal setae near posterior of anus, slightly weaker
than postanal seta. Cribrum present. Metapodal shields apparently absent. Ventral
cuticle with about 52 pairs of setae in specimen figured.
Peritremes reaching forward
to middle of coxae I in both sexes. Peritremalia extended posteriorly around coxae IV.
Coxa II with
Legs.
Coxal formula 2.2.2.1, none of these setae being expanded.
spinose anterodorsal process.
Coxae II-IV with superficial crescentic marking in
posterior half. Genua and femora I and II with few slightly stronger setae dorsally.
Gnathosoma.
Tritosternum with simple base and two weakly ciliated laciniae.
Deutosternum with single file of about ten small denticles.. Gnathosomal and hypostomal
setae eight in number, the outer posterior hypostomals rather smaller than the
remainder. Labial cornicles not reduced, but very weak and hyaline. Chelicerae with
slender shafts, and two equal digits.
Fixed digit with inner edge hyaline, a minute
denticle subapically, and tip recurved. Movable digit edentate, with tip straight, spinose,
and rather more heavily sclerotized than remainder of digit.
Palpi with five free
segments, and a narrow, longitudinal expansion on the trochanter. Claws bifurcate.
Male. Idiosoma 484(H long in somewhat flattened specimen figured. Dorsal surface
essentially as in female. Holoventral shield normal from level of genital setae forwards.
Ventral area slightly expanded behind coxae IV, with about fifteen usurped setae. The
shield then constricts rapidly to a narrow neck, so that the anal shield is virtually free.
Anal area as in female. Ventral cuticle with about 26 pairs of setae.
Gnathosoma not clear, but chelicerae not grossly modified, and of about same size

—

as in female.

Laelaps assimilis Womersley.
Laelaps asshnilis Womersley, 1956, J. Linn. Soc. Lond. (Zool.), 42: 557.
This species

is

in S.E. Queensland.

Maydena,
St.

common on
It is also

20.viii.l960, B.C.M.;

Rattus assimilis in eastern Australia, and on R. culmorum

abundant on R. lutreolus and R.

I.

velutinus in Tasmania

Kelso, 19.ii.l961, B.C.M.; Green's Beach, lO.v.1961, R.H.G.;

Valentine's Peak, 13.vii.l962, B.C.M.

Laelaps calabyi Domrow.
Laelaps calabyi Domrow, 1961, Proc. Link. Soc. N.S.W., 86: 67.
The following material from Pseudomys higginsi from Tasmania will confirm the
Mt. Wellington 4000', n. d.; Arve Valley, xii.1956; St. Valentine's
original host record
Peak, 13.vii.l962, B.C.M.

—

Laelaps cybiala,
Diagnosis.

— Closely

n.

related to L. calabyi

sp.

(Figs 15-17.)

Domrow, but

readily separable on both
morphological (female) and ecological data, as follows:
L. calabyi with anal plate as wide as long, with all three anal setae minute and
subequal; ventral body cuticle with only two pairs of elongate setae.
L. cyhiala with anal plate noticeably longer than wide, with postanal seta very

much

stronger than minute adanals;

ventral body cuticle with seven or eight pairs

of elongate setae.
I

have several series of both species; all specimens of L.
higginsi, and all of L. cybiala from Mastacom,ys fuscus.

Pseudomys

calabyi

are

from

BY EGBERT DOMKOW.

Type material.

—Holotype

207

female (normal), six paratype females (two normal and

four giant), and one paratype male from the broad-toothed rat, Mastacomys fuscus
Thomas, White's River, Mt. Kosciusko, N.S.W., i-ii.l962, J.H.C. and D. L. Mcintosh;
allotype male and one paratype female (giant) from M. fuscus, Port Davey, Tas., 1951;

(normal) and one paratype male from M. fuscus, White's River,
J.H.C; one paratype female (giant), M. fuscus, Madden's Hill Road, Aire
Holotype and allotype NIC;
Valley, Otway Ranges, Vic, 10.viii.l962, R. M. Warneke.
paratypes NIC, BMNH, USNM, QIMR.
six paratype females
16.1.1962,

—

Female. A broadly oval species, with idiosomal length 919-lOMp. in normal
specimens, and 1485-1562/* in giant specimens. Dorsal shield tapering and truncate in
posterior half, leaving broad band of marginal cuticle unoccupied posteriorly, except for
Thirty-five pairs of setae, all minute except the
five to seven pairs of short setae.
terminal pair, are present on the shield, together with numerous symmetrically
arranged pores. (The pair of setae indicated by an arrow is absent in normal specimens
of L. calabyi, but present in giant specimens.)

Laclaps cyhiala,

Text-figs 15-17.
of giant form.

n.

sp.

Female.

—

15,

Venter;

16,

Dorsum;

17,

Anal plate

Venter.
Sternal shield as in L. calabyi, but with setae relatively rather longer.
Metasternal setae minute, apparently without attendant spores.
Genitoventral shield
broadly expanded behind coxae IV, slightly sinuate at level of minute first pair of
usurped ventral setae, and slightly concave along posterior margin. Posterior two pairs
of usurped ventral setae very elongate compared to minute first and genital pairs.
Anal shield longer than wide, with anus set near anterior margin; adanal setae minute,
set just behind anus; postanal seta very much stronger. Metapodal shields present, but
weakly formed. Ventral cuticle with seven or eight pairs of elongate setae in addition
to twelve to eighteen pairs of spinose setae, of which the posterior pair are quite strong.

Peritreme entirely situated above coxa
band behind coxa IV.
Legs.

All

coxa IV minute.

III;

peritremalia not connected to sclerotized

some strongly formed. Seta on
and genu I with one slightly longer

coxal setae tapering to a point, but

Femur

I

with one very long

seta,

seta dorsally.

Gnathosoma
Male.

as in L. calabyi.

—Length

the female,

of idiosoma 825ai in allotype

more hairy than

L. calabyi.

and 825 and

1243,tt

in paratypes.

As

in

Holoventral shield with six or seven pairs of

—
NEW

208

RECORDS AND SPECIES OF AUSTROMALAYAN LAELAPID MITES,

usurped ventral setae; postanal seta rather stronger than adanals.
about six pairs of rather long setae. Chelicerae as in L. calahyi.

—

The specific name cyMala is an anagram of calahyi, and
noun (nominative singular) in apposition with Laelaps.

Notes.
as a

Ventral cuticle with

is

to

be treated

KYC

RD
Text-fig-s 18-21.

Hirst,

dorsum

;

20,

—

Laelaps spp. Female. 18, L. hapaloti Hirst, dorsum; 19, L. rothschildi
mackerrasi Domrow, dorsum 21, L. mackerrasi Domrow, venter.

L.

;

Laelaps finlaysoni Womersley.
Laelaps flnlaysoni Womersley, 1937, Parasitology, 29: 535.
Womersley figures only 28 pairs of setae on the dorsal shield of this species. The
correct number is thirty-five. A new host record for this species is three females and
three males from Pseuclomys rawlinnae, Ooldea, S.A., n. d.
Laelaps hapaloti Hirst. (Fig. 18.)
Laelaps hapoloti Hirst, 1931, Proc. zool. 8oc. Loncl., p. 563.
1937, Parasitology, 29:

532.

L. hapaloti,

Womersley,

—
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Womersley
number

correct

figures only 29 pairs of setae
is

on

tlie
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dorsal shield of this species,

The

thirty-seven.

Laelaps mackebrasi Domrow. (Figs 20-21.)
Laelaps mackerrasi Domrow, 1961, Proc. LinjST. Soc. N.S.W., 86: 70.
Only the coxal setation and portion of the dorsal shield were figured in the original
description. Figures of the full dorsal and ventral surfaces are now given.

Laelaps rothschildi Hirst. (Fig. 19.)
Laelaps rotlischildi Hirst, 1914, Trans, zool. Soc. Loncl., 20: 325.
Womersley,

1937, Parasitology, 29:

Womersley
but this pattern
others.

The

figures about 37 pairs of "setae"
is

Laelaps melomys

534.

on the dorsal shield of this species,
some setae, and mistaken pores for

incorrect, because he has missed

correct

number

of setae is 39 paii's.

Laelaps sculpturata Vitzthum. Female. Venter.
Tricholaelaps vitzthumi Domrow. Male.- -23, Chelicerae (at twice indicated

Text-flg. 22.

Text-flgs 23-24.
scale)
24, Venter.
;

Laelaps sculpturata Vitzthum.

(Fig. 22.)

Laelaps (Laelaps) sculpturatus Vitzthum, 1926, TreuMa,

8:

64.

Vitzthum has already given a good illustration of the dorsal shield of this species,
showing the characteristic darkening of the humeral margins and vertex.
Actually
there are 39 pairs of setae on the shield. Vitzthum omits one pair near the middle of
the more heavily stippled humeral margin, while the most anterior pair of the marginal
cuticular setae should be shown on the shield proper. All the remainder are in their
correct positions. A figure of the ventral surface of the species, received from the same
source as those of Tricholaelaps vitzthumi, v. infra, is given to supplement the original.
This species was described from RatUis whiteheadi in Sumatra, and the following
records, all from the type host, are the first since then two females, Subang, Selangor,
19.iii.l948, R.T.; seventeen females, Subang, 25.iii.1948, R.T. and C. B. Philip; ten
females, Subang, l.iv.l948, R.T.; six females, Subang, l.v.1948, R.T. and C.B.P.; 28
females, Pahang Road 16 miles N Kuala Lumpur, Selangor, 27.vii.1948, R.T. Also one
female, R. alticola, Gunong Brinchang 4500', Cameron Highlands, Malaya, 19.vii.l948,
R.T.; 23 females, R. alticola, G. Brinchang 5500', 20.vii.l948, R.T.; 22 females, R.
fulvescens (2 rats), 18.vii.l948, R.T.; two females, R. alticola or R. fulvescens, G.
Brinchang 5500', 20.vii.l948, R.T.; one female, Rattus sp., G. Brinchang 5500', 20.vii.l948.

—
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sp., Pahang Road etc., 20.viii.l948, R.T. and B.E.; 53 females,
Pahang Road etc., 25.vii.1948 (some labelled 25.vi.1948), R.T. and
females, civet cat, Kuala Lumpur, 15.V.1948, R.T. and B.E.

R.T.; four females,

Mus

Gallosciurus notatus,
B.E.; 23

Laelaps southcotti Domrow.

(Fig.

25.)

Laelaps southcotti Domrow, 1958, Proc. Linn. Soc. N.S.W., 82: 364.
Only the venter of this species was originally figured. A figure of the dorsum

now

—

Text-flgs 25-26.
Laelaps spp.
Female.
Dorsum.
wasselli Domrow.
(In each specimen illustrated a seta

southcotti Domrow; 26, L.
at the spot marked X.)

L.

25,

is

lacking-

Laelaps wasselli Domrow. (Fig.

26.)

Laelaps wasselli Domrow, 1958, Proc Linn. Soc. N.S.W., 82:

Only the venter

now

is

given.

of this species

was originally

figured.

A

363.

figure of the

dorsum

is

given.

Laelapsella humi Womersley.

humi Womersley, 1955, Aust. J. Zool., 3: 417.
This species was originally recorded from the burrows of

Laelapsella

the mutton bird, Puffinus
have since seen the following material one female from Rattus
lutreolus velutinus (Thomas), Green's Beach, Tas., lO.v.1961, R.H.G.; four females from
R. I. velutinus, Tonganah, Tas., 20.V.1961, R.H.G.; one female from R. lutreolus, Maria Is.,
Tas., 21.iv.l962, B.C.M.; one female from a marsupial mouse, Antechinus swainsoni,
Cumberland Picnic Ground, about 12 miles E Marysville, Vic, ll-12.viii.1962, R.M.W.
Most specimens show ten to fourteen usurped ventral setae on the genitoventral shield,
and a further two or three are normally situated very near to the margin of the shield,
but not actually on it. One specimen shows only four usurped setae actually on the
shield, and six close by.
tenuirostris

,

and

I

—

LiPONYSsoiDEs MURis Hirst. (Figs 27-34.)
Dermanyssus (Liponyssoides) muris Hirst, 1913, Bull. ent. Res., 4: 120.
Dermanyssus muris. Hirst, 1914, Bull. ent. Res., 5: 216.
This species has been recorded from several countries in Africa and Asia, but not
Thailand.
I have recently seen specimens of all stages from rodents 22, 28 and 30,
Ban Den, a village contiguous with the city of Chiang Mai, Chiang Mai Province,
Thailand, 6.ii.l952, D.C. and E. B. Thurman.

;

BY EOBEKT DOMROW.

LiPONYSSOIDES WARNEKEI,

— Strandtmann

and Wharton

n.

sp.

211
(Figs 35-44.)

two species in this genus,
muris Hirst and brasiliensis (da Fonseca), which from a comparison of published data
appear extremely similar indeed. L. tvarnekei is separable in the female by its peculiar
Diagnosis.

33,

Venter, protonymph

sternal-metasternal

;

34,

complex, and

pores on the dorsal shield.

place

muris Hirst.-— 27, Venter ?
31, Pore on dorsal shield
Gnathosoma, protonymph.

Text-figs 27-34.
Lipo7iyssoides
shield cT
30, Holoventral shield d
;

(1958)

',

in

the

;

28,

d"

;

Dorsum

32,

?

;

29,

Dorsal

Dorsum, protonymph

male by the absence of immense humeral
in the Dermanyssinae by these

The three genera included

authors appear in need of revision.
Type material. Holotype female, two paratype females, allotype male, one paratype
male, and two morphotype deutonymphs from a swiftlet, Oollocalia banicorensis

—
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(Apodidae), in a cave at Gatop (147° 15' E, 6° 03' S), Pinschhafen Subdistrict, N.G.,
B.McM.; one paratype male from a bent-winged bat, Miniopterus schreibersi
Holotype and
(Kuhl) (Vespertilionidae), same locality and collector, but x.1961.
allotype SPHTM; paratypes and morphotypes BMNH, QIMR.

X.1960,

Text-flgs

Gnathosoma
41,

35-43.
?

Chelicera

38,

;

d

;

—An

42,

Liponyssoides

Coxa I
Dorsum
;

39,
cT

;

warnekei,
Tarsus IV d
43, Venter d.

n.
;

40,

—

Dorsum $
36, Venter
-35,
?
Basally expanded seta on tarsus IV

sp.

;

;

37,
d"

;

elongate oval species 1067/x long in relatively unfed specimens, but up
specimens replete with blood. Dorsal shield broad anteriorly, but tapering
and rather narrower towards the rear; probably usually with seventeen pairs of setae,
but frequently with a seta or two lacking anteriorly, posteriorly, or on the shoulders.
Dorsal body cuticle broadly exposed, with several weakly marked pores, and one
very strong one; with about 36-40 pairs of setae similar to those on dorsal shield.

Female.

to 1760/x in

—
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Venter. Sternal shield fragmented, the main subquadrate anterior portion bearing
Second pair of sternal pores borne on
three pairs of setae and one pair of pores.
Metasternal setae and pores free in cuticle. Genital shield
isolated sternal shieldlets.
acutely tapered posteriorly, with two genital setae; flanked posterolaterally by three
pairs of minute platelets. Anal shield broadly rounded anteriorly, with anus centrally

Adanal setae near posterior of anus, subequal to postanal seta.
Ventral
with about 33 pairs of setae, which are longer posteriorly. Metapodal shields
double, the posterior pair much the stronger. Peritremes reaching forward to level of
coxae II; peritremalia fused to sclerotized band behind coxae IV.
placed.
cuticle

Coxal formula

Legs.

2.2.2.1,

all

setae being unmodified.

Coxa

II

without process

anterodorsally.

Gnathosoma. Tritosternal base unarmed; laciniae apparently fused. Deutosternum
with about ten denticles in single file. All four pairs of setae on gnathobase subequal.
Rostral structures modified into cone-like tube, through which pass the chelicerae.
Chelicerae housed in transversely striate cylinders which extend into rostral cone;
basal segment fairly stout, but distal segment extremely attenuate, and slightly serrate
distally. Palpal armature undistinguished except for one very slender seta on trochanter,
and one broadly clavate seta on genu.
Male.

—Length

much more

of idiosoma in all specimens (slightly fed) 880-913m.
Dorsal shield
extensive than in female, taking in some fourteen pairs of setae and the large

pores found on the cuticle in that sex. The pattern of setae anteriorly and medially,
however, resembles that in the female, see dotted line. Dorsal marginal cuticle very
narrow, with nine to twelve setae on each side.

Holoventral shield entire, unexpanded behind coxae IV, and with three
The endopodal shields are discrete. Ventral cuticle with
20-22 pairs of setae. Peritremes and metapodal shields as in female.
Venter.

pairs of usurped ventral setae.

Legs as in female, except for basally expanded seta on inner face of tarsi

III

and

IV.

Chelicerae in sheath as in 5; fixed digit obsolescent; spermatophore carrier as long
as central segment, apparently tubular. In dorsal view, the chelicerae appear somewhat
more slender than in the lateral view illustrated, but the attenuation does not approach
that found in the female.

—

Deutonymph. Idiosoma 1100/x long in replete specimen. Dorsal shield as in female,
except that only three pairs of humeral setae are present rather than four or five.
Sternal shield occupying space between coxae II-IV, extremely weakly formed posteriorly.
All three pairs of sternal setae and pores are present on the shield, while the metasternal setae are off the shield, and the future genital pair variable.

with about 25-30 pairs of

Ventral cuticle

setae.

Mesolaelaps astipodiana (Hirst).
Laelaps {Heterolaelaps) antipocliana Hirst, 1926, Proc.

The
Maydena,

following
29.xi.1960,

some

are

B.C.M.;

further

Isooclon

records

oiesulus,

zool. 8oc. LoncL., p. 838.

from

Tasmania

Perth,

8.viii.l961,

Peravieles

R.H.G.;

gunnii,

Eaglehawk

Neck, 9.ix.l961, T.A.; Cascades, Hobart, 5.vii.l962, B.C.M. and T.A.; St. Valentine's
Peak, 13.vii.l962, B.C.M. St. Valentine's Peak, 2.ix.l962, T.A.; Rokeby, 19.ix.l962, T.A.
I also have one specimen from Petaurus hreviceps, Vermont, near Melbourne, Vic,
31.V.1962, R.M.W.
Mr. Warneke tells me this glider was captured by a cat in an area
where bandicoots occur, but that he had had no bandicoots through his hands at the
time the glider was caught. Perhaps the cat had also caught a bandicoot lately.
;

Mesolaelaps australiensis Hirst.
Laelaps {Mesolaelaps) atistraliensis Hirst, 1926, Proc.

zool. Soc. Land., p. 840.

—

The following are three interesting records of this species nests of fairy penguins,
Bowen Is., N.S.W., i.l962, B.McM.; Tachyglossus aculeatus, Forest Beach, 12 miles from
Ingham, Qld., 8.1.1962, K. Harley; Mus musculus. Toowoomba, Qld., iv.l960, E. H. Derrick.

—
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Mesolaelaps bandicoota (Womersley).
Hypoaspis bandicoota Womersley, 1956, J. Linn. Soc. Lond. (Zool.). 42: 573.
The following are additional records for this species, extending considerably its
geographical and host ranges—iSa^ftts lutreolus velutinus, Kelso, Tas., 19.ii.l961, B.C.M.;
R. I. velutinus, Green's Beach, Tas., lO.v.1961, R.H.G.; R. assimilis, Tooloom, N.S.W.,
15.xi.l961, J.H.C.; Perameles nasuta, Mt. Lindesay, N.S.W., 6.xi.l961, J.H.C.

Mesolaelaps sminthopsis (Womersley). (Fig.
Laelaps (Laelaps) sminthopsis Womersley, 1954, Rec.

54.)

8. Aust. Mus.,

11:

117.

The following material has recently been examined, all from marsupial mice
(Dasyuridae) one female and one nymph, Sminthopsis crassicaudata, laboratory
colony, Dept. Fisheries and Wildlife, Melbourne, Vic, 20.V.1962, R.M.W.; eleven females,

—

A.

f.

flavipes. Pearl

NE

Beach, 30 miles

Sydney, N.S.W., various days, viii.1955, B. E.

Horner and M. J. Taylor; numerous specimens, mostly females, from A. flavipes as
follows—Nambour, Qld., 6.viii.l962, D. W. Agnew; Mt. Glorious. Qld., 24.X.1962, R.D
Tuggolo State Forest, N.S.W., 21.iii.l960, J. Bromell; Picton, N.S.W., 27.vi.1961, B.McM
Gelantipy, Vic, 31.viii.l961, A. Hodge; Mt. Clay, Heathmere, Vic, lO.i.1962, R.M.W
Ben Nevis, Vic, 20.iii.l962, A. L. Streefkeck; 8 miles from Buchan on Buchan-Bruthen
Road, Vic, 9, 10 and ll.iv.l962, R.M.W. Cathedral Range, Vic, 17.vi.l962, R.M.W.
laboratory colony, Dept. Fisheries and Wildlife, Melbourne, Vic, 10.vii.l962, R.M.W.;
Glenlofty, Vic, 15.vii.l962, R.M.W.; Pannican Creek, Nelson Road, Portland, Vic,
17.vii.l962, R.M.W.; Landsborough, Vic, 17.vii.l962, R.M.W.
;

Notes.

—In the female of this species, there

of the coxae.

Occasional specimens have

progressively the posterior seta on coxa

more typical.
The male

M. sminthopsis

all
I

is

considerable variation in the armatui'e

setae unexpanded, but expansion involving

and the anterior seta on coxae

II

and

III is

may

be distinguished by the following combination of
separated from remainder of holoventral shield by
band of striate cuticle; ventral area of holoventral shield only slightly wider than
sternal area, with about seven or eight pairs of usurped setae; dorsal shield with two
outstanding discal setae posterolaterally.
characters

of

—anal

shield

discrete,

Myonyssus dectjmani Tiraboschi.
Myonyssus decumani Tiraboschi,
Hirst, 1916, /. zool. Res., 1:

1904,

Archiv. Parasitol..

337.

8:

M. decumani.

64,

Three females from the short-nosed bandicoot, Isoodon obesulus (Shaw), Rokeby,
19.ix.l962, T.A.
This is the first record of this subfamily from the Southern
Hemisphere, M. decumani being a common parasite of small rodents in Europe, including
the cosmopolitan Mus musculus and Rattus norvegicus.
The present specimens agree
perfectly with Hirst's detailed figure, even to the single asymmetrical usurped ventral
seta on the ventroanal shield. Hirst figures 4 + 4 usurped ventral setae on the genitoventral shield; in my specimens these setae are arranged 2 + 2, 2 + 3 and 3 + 4.
Tas.,

Neolaelaps spinosa (Berlese).
Leiognathus spinosus Berlese, 1910, Redia, 6: 261. Liponyssus magnistigmatus,
Vitzthum, 1926, TreuMa, 8: 93. Neolaelaps spinosus, Domrow, 1961, Peoc. Linn. Soc.
N.S.W., 86:

71.

will support my earlier reports of this species being associated
with flies parasitizing fruit bats thirteen females and four males, on nycteribiids on
Pteropus gouldi, junction of Liverpool and Tomlinson Rivers. Northern Territory.
23.viii.1962, J.H.C.
Also two females from P. scapulatus, Tooloom, N.S.W., l.xii.l961,

The following record

—

J.H.C.

OPHiONYSstrs NATRicis (Gervais).

Dermanyssus

natricis

Gervais,

1844,

Hist.

nat.

Insect,

Camin, 1949, J. Parasitol., 35: 583.
Nine females from Tropidechis carinatus, north coast

apt..

3:

223.

Ophionyssus

natricis,

M.J.T.

of N.S.W.,

1955, B.E.H.

and

—

—

—

;,
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ORisriTH0?s^yssus bacoti

Leiognathus bacoti Hirst, 1913, Bull.

215

(Hirst).

ent. Res., 4:

122.

L. bacoti, Hirst, 1914, Bull.

ent. Res., 5: 225.

Numerous specimens from Mus musculus, laboratory colony, Brisbane, Qld., iv.l953,
E.H.D.; ii.l963, J. G. Carley and I. Cook; wild caught, Brisbane, 2.vi.l959, R.D.; Mt.
Tyson, Qld., 30.vii.l959, E.H.D.; Rattus rattus, Toowoomba, Qld., iii.1960, E.H.D.;
Tooloom, N.S.W., 14.xi.l961, J.H.C.; R. norvegicus, Brisbane, 10.viii.l951, E.H.D.
Sminthopsis crassicaudata, laboratory colony, Melbourne, Vic, 20.V.1962, R.M.W.
irritating man in laboratory, Brisbane, 21.xi.l960, G. M. J. Rodda; in factory, Brisbane,
;

xi.l960.

This species does not seem so distinctly seasonal as 0. bursa, the other

common

species in Brisbane.

<5.

V

//,V'

Text-flg\
Text-flgs 45-46.

44.

Liponyssoides ivarnekei,

Ornitlionyssiis

latro,

n.

sp.

n.

sp.

Deutonympli. Venter.
45, Venter; 46, Dorsum.

Protonymph.

—

Ornithonyssxjs bursa (Berlese).
Leiognathus bursa Berlese, 1888, Acar. myriap. scorp. Ital. repert. (Mesostigmata)
Padua, p. 208. Liponyssus bursa, Hirst, 1922, Mites injurious to domestic animals.
B.M. (N.H.), p. 89.
Numerous specimens from birds and birds' nests in Brisbane (Qld.) suburbs
sparrows, Herston, xi.l949, J. H. Pope and R.D.; Herston, 18.X.1955, R.D.; starlings,
Taringa, l.xi.l950, E.H.D. pigeons, Kangaroo Point, 15.X.1954; Yeerongpilly, n. d. Also
four females and two nymphs, nest of Hylochelidon ariel, Marrar, N.S.W., 23.xii.1959,
A. L. Dyce; twelve females from Isoodon macrourus, 7.X.1950, Taringa, E.H.D.
Also
irritating man in Brisbane, xii.1948, I.C; 5.xii.l949, E.H.D.; 28.xi.1952, C. J. Ross;
iv.l957, C. J. Tuckfield; 22.xi.1960, M. J. Mackerras; 21.xi.l962, A. R. Brimblecombe;
iii.1963, A. Van Kammen; iii.1963, J. Welch; vi.l958; x.1958; 3.xii.l960; and Esk, Qld.,
ii.l948. Dr. Whyte.
With two exceptions, these Australian records are all from the
summer months. Also the following material from S.E. Asia three females, squirrel's
nest, Gunong Brinchang, Cameron Highlands, Malaya, 18.vii.l948, R.T. and B.E.; three
females and two protonymphs, Lariscus insignis, Pahang Road 16 miles N Kuala
;

—

Lumpur,
Lumpur,

Kebun Bunga

(i.e. Lake Gardens), Kuala
and thirteen protonymphs, nest of
unidentified bird RTB9099 and unidentified birds RTB9100, Tenompak, Mt. Kinabalu,
B.N.B.. 26.vii.1951. C. Wharton and R.T.

27.vii.1948,

R.T.;

10.iv.l949;

nine

three females,

females,

two

males

;
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Ornithonyssus latro,

—

n. sp.

(Figs 45-53.)

an African parasite of bats, 0. aethiopicus
(Hirst) (= 0. forsythi (Zumpt)), a synonymy suggested by Keegan (1956). Dr. Zumpt
has kindly forwarded me a paratype female and protonymph of forsythi, and two
females of aethiopicus (Scoteinus schlieffeni, Mambone, Mozambique).
These are all
clearly conspecific, the former material having been excessively cleared. In the posterior
half of the dorsal shield, 0. latro has 40 pairs of setae compared with the 24-27 pairs in
However, both species have 16 pairs in the anterior half, and are also
O. aethiopicus.
otherwise very alike, and may eventually prove but variants of one species.
Diagnosis.

0. latro is closely related to

Text-figs 47-53.

Ornithonyssus

Coxae I-IV (from right
Genital area 53, Anal area.
48,

to

latro,

left);

49,

n.

sp.

Sternal

Female.
area;

—

Fragment
Gnathosoma

47,

50,

of
;

ventral cuticle
51,

Dorsum;

52,

;

A similar situation exists in the genus Bewsiella Domrow. Two species are known
from bats (B. fledermaus Domrow from Australia and B. aelleni (Till) from Africa),
and are identical except for the greater hairiness of the postdorsal shield in the
Australian species.
Further, specimens of Spinolaelaps miniopteri (Zumpt and
Patterson) from African and Australian bats are indistinguishable.
Type material.
Ejitesicus pumilus

J.H.C. Holotype

Female.
procedure.
posteriorly.

the

sides

— Holotype
(Gray)

female and eight morphotype protonymphs from a bat,

(Vespertilionidae), Gorge Creek, Bonalbo, N.S.W., 17.iii.l961,

NIC; morphotypes NIC and QIMR.

— Size of engorged specimen unavailable because of fracture during mounting

Dorsal shield small, leaving broad band of cuticle exposed laterally and
Shield broadest in anterior third, but tapering twice towards the posterior,
of these two sections being parallel.
Extreme posterior margin evenly

——

—

BY ROBERT DOMROW.
rounded.

j!17

Anterior half of shield with sixteen pairs of evenly arranged setae.

Posterior

half with 40 pairs of setae, which are irregular except posteriorly, and of which one
subterminal pair is very much weaker than the remainder.
Marginal cuticle very
hairy, with about 140 pairs of setae.

Venter.
Sternal shield weakly defined, with posterior half a little denser, and
weakly demarcated from the anterior half. Two pairs of setae and pores are borne
on the shield. Third sternal and metasternal setae set free in cuticle. Metasternal pores
apparently absent.
Genital shield tapering, with usual two genital setae; marked by
two forwardly converging striae.
Anal shield rounded anteriorly, and pointed
posteriorly. Anus set well forward, with adanal setae set just behind its centre. Postanal seta subequal to adanals. Metapodal shields very weakly defined. Ventral cuticle
with about 60 pairs of setae. Peritreme abbreviated, reaching forward only to posterior
half of coxa II, although the peritremal plate reaches forward to the anterior margin
of coxa II. Peritremalia extended around coxa IV posteriorly.
Legs.
Coxal formula 2.2.2.1, none of the setae modified. Anterodorsal margin of
coxa II with stout spine. Dorsal setae on genu and femur not stronger on leg I, but
slightly so on leg II.
Gnathosoma. Tritosternal base slender, unarmed; laciniae slender, weakly barbed.
Gnathosomal and hypostomal
Deutosternum with about six denticles in single file.
Labial cornicles
setae eight in number, the inner posterior hypostomals the longest.
the trochanter with a distinct salient pi'ocess
on genu and femur stronger than remainder.
Claw bifurcate. Chelicerae with slender shafts, the basal segment very short. Digits
equal in length, and very weakly sclerotized. Fixed digit irregular in outline; movable
digit with hyaline margins, and sometimes apparently short due to foreshortening.
Digits preceded by stout, but weakly sclerotized spine near end of shaft.

weak.

Palpi with

ventrointernally.

Protonyviph.

five

free segments,

Two

or three setae

— Idiosoma

495ya

long in unengorged specimen figured, but considerably

mounted specimens. Anterodorsal shield with eleven pairs of setae.
Postdorsal shield with anterior margin sinuous, and posterior margin strongly convex;
with four pairs of large setae laterally and one minute pair discally. Dorsal cuticle
with five pairs of shieldlets centrally, of which the first two pairs are on the surface,
and the posterior three pairs subdermal. With about 42 pairs of dorsal setae. Peritremes
above coxae III and each preceded by two shieldlets.
larger in engorged

Venter.

Intercoxal shield irregular in outline, with transverse striae, three pairs of

of pores. Anal shield triangular, with anus and setation as figured.
Ventral cuticle with two shieldlets and about 28 pairs of setae.

setae

and two pairs

Chelicerae as in female.

Orxithonyssus sylviarum (Canestrini and Fanzago).
Dermanyssus sylviarum Canestrini and Fanzago, 1877, Atti 1st. Veneto, 4: 124.
Ornithonyssus sylviarum, Strandtmann and Wharton, 1958, A manual of mesostigmatid
mites parasitic on vertehrates, Institute of Acarology, College Park,

Three females from Passer domesticus, Antill Ponds, Tas.,
females from nest of noisy miner (Myzantha melanocephala)
20.X.1960, I. Rowley.

p.

81.

7.ii.l959,
,

R.H.G.;

four

Lake George, N.S.W.,

Orthohalarachjve attenuata (Banks). (Figs 55-58.)
Halarachne attenuata Banks, 1910, Proc. ent. Soc. Wash., 12: 3. Orthohalarachne
attenuata, Newell, 1947, Bull. Bingham Oceanogr. Coll., 10: 250. Halarachne reflexa
Tubb, 1937, Proc. Roy. Soc. Vic, 49: 417. New synonymy.

—

Notes. The above synonymy, suggested by Newell, may now be confirmed, after
an examination of a male and three females, in good condition, from Tubb's material,
Detailed drawings of certain male
kindly donated by the late Mr. H. Womersley.

structures are given to

support this

structure of the chelicerae, and the

conclusion.

comb

Particularly to be

of three closely set setae

noted are the

on the inner face
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of the palpal tlblotarsus.
In Newell's material, one male had five setae on one palpal
genu, four being the usual number. The specimen I examined also shows variation, the
palpal genu and femur each showing four setae on one side, and three on the other.
One palp is, however, now lost. In all other characters of both sexes, my material is

identical with Newell's extremely detailed figures.
I have also been able to examine four females from the trachea of the earless
Australian fur seal, Arctocephalus doriferus Wood Jones (= A. tasmanicus Scott and
Lord) (Otariidae), Port Arlington, Vic, 17.iv.l962, R.M.W.

Newell recorded

0. attenuata

from Callorhinus ursinus (Linnaeus) and Eumetopias

juhata (Schreber) (Otariidae), and I
Wildlife Research, CSIRO, Canberra,

am

grateful to Mr.

for

the

following

J.

H. Calaby,

information

Division of

on

seals

(see

Scheffer, 1958).

"The combined range

of the

two [Australian]

'species' [of Arctocephalus^ is from
southern coast and coastal islands, including
Tasmania, and for some distance up the New South Wales coast. However, there is no

south-western

Australia

around

the

Text-fig. 54. Mesolaelaps sminthopsis (Womersley).
of coxae I-IV (from left to right).

Text-figs 55-58.
Orthohalarachne attenuata
exterior; 57, Gnathobase
58, Palpal interior.

Female.

(Banks).

Male.

Four variations

—

55,

Chelicera

armature

in

Palpal

56,

;

;

evidence that two species are involved and all of them should be called
Some minor cranial and other differences have been pointed out but samples
examined have been very small, skulls change very much with age and seal skulls
are notoriously variable anyway.
objective

doriferus.

a monotypic genus with few breeding stations all in the north
In the non-breeding
well-known fur seal of the Pribilof Islands.)
season it ranges from about 30° N latitude [north Baja California] to the edge of the
Arctic ice. It is closely related to the genus Arctocephalus which is entirely southern
except for one species which ranges sporadically up the American west coast to Baja
"Callorhinus

Pacific.

is

(It is the

California.

"Eumetopias is also monotypic. It is commonly called the Steller sea lion. It is
exclusively north Pacific in distribution ranging from Japan around the north Pacific
to California. In the Pribilof Island it breeds side by side with Callorhinus.
How.

.

.

ever [systematically], none of the sea lions [Otariidae] are very far apart really."

—
BY ROBERT DOMROW.

Raillietia aueis

Gamasus
auris, Olsen

219

(Leidy).

auris Leidy, 1872, Proc. Philadelphia Acad. nat. Sci., 24:

and Bracken,

1950, Yet. Med., 45:

—

138.

Raillietia

320.

There is a single female of this economically important species in the South
Australian Museum, Adelaide, from the auditory meatus of a cow, Yannathon, Victoria.
I know of no other Australian record.
Spinolaelaps miniopteri

(Zumpt and Patterson).

Neospinolaelaps miniopteri Zumpt and Patterson, 1952, /. ent. 8oc. S. Afr., 15: 159.
Plesiolaelaps miniopterus Womersley, 1957, Trans. Roy. Soc. S. Aust., 80: 68. Female
only.

Text-fig.

59.

Tricliolaelaps

vitsthumi Domrow.

Female.

Venter

(with inset showing

chelicera).
I have recently been able to examine all stages of this species as follows, from the
bent-winged bat, Miniopterus schreibersi, Bilak Bokis, Gevak, N.G., 22.1.1962, B.D.;
Ingham, Queensland, ix.l961, K.H.; Wombeyan Caves, N.S.W., 17.V.1962, B.D.; Sydney
Railway Tunnel, N.S.W., 21.vii.l962, B.D.

Tkicholaelaps vitzthumi,

n.

nom. (Pigs 23-24, 59-60.)

Laelaps (Tricholaelaps) comatus Vitzthum,
(Laelaps) comatus Berlese, 1910, Redia, 6: 371.

1926,

Treubia,

8:

69,

nee

Laelaps

Tipton (1960) has already indicated some of the deficiencies in the original
description of this monotypic genus, and the present illustrations by Mr. Thomas M.

Evans (given to me by Dr. E. W. Baker through the courtesy of Lt.-Col. Robert Traub
and the Smithsonian Institution) should better allow its recognition.
T. vitzthumi was described from Rattus lohiteheadi in Sumatra, and the followingrecords from the type host are the first since then two females, Subang, Selangor,
19.iii.l948, R.T.; eight females, Subang, 25.iii.1948, R.T. and C.B.P.; one female, Pahang
Road 16 miles N Kuala Lumpur, Selangor, 27.vii.1948, R.T.; two females (two rats).

—

—

Pahang Road

and B.B.; two females, Pahang Road

18.xi.l948, R.T.

etc.,

etc.,

27.1.1949,

Also nine females and one male, Callosciurus notatus, Pahang Road

B.E. and L. Frick.
etc.,

—

)
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——

25.vi.1948, R.T.

Text-fig-.

on the

60.

left of the

Female.
Dorsum,
Tricholaelaps vitzthumi Domrow.
dorsal shield are indicated only by their bases.

(Three lateral setae
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OBSERVATIONS ON SOME AUSTRALIAN FOREST INSECTS.
15.

Some Mortality Factors of Phoracantha semipunctata
(

By

COLEOPTERA

:

CEBAMBYCIDAE)

K. M. Moore, Forestry Commission of

(F.)

.

New

Soutli Wales.

(Plate xiii.)

[Read 28th August, 1963.]

Synopsis.

Larvae of PhoracantUa semipunctata (F. ), a species indigenous to Australia, are of
economic importance in some countries wliere Eucalyptus spp. have been planted.
The experimental procedure used in an investigation of the factors which affect populations
of P. semipunctata in New South Wales, and the results obtained, are given.
Some parasites, hyperparasites, predators and other biotic factors are recorded, and the
importance of such factors during the period of investigation is discussed. Results from these
investigations present information which may be useful in the choice of effective parasites
suitable for release in countries where P. semipunctata is of economic concern.

Introduction.

In

State of Israel, and South Africa, where Eucalyptus spp. are extensively

tlie

planted as an economic crop, attack on growing trees by larvae of P. semipunctata has

caused concern (Bytinski-Salz, 1956; Bytinski-Salz & Neumark, 1952; Neumark, 1953;
Tooke, 1935). Apparently this insect, indigenous to Australia, has been introduced to
these countries without those parasites and predators which usually exert a degree of
natural control during its immature stages.

There

is

little

published information on the destructive factors affecting P. semimade at Lisarow,

punctata, and an investigation into this aspect of their biology was

on the Central Coast of New South Wales, in an attempt to study the factors concerned,
and assess the effect these may exert on the populations of P. semipunctata in that
area.

New

South Wales, where numerous species of the Cerambycidae attack growing
it is generally considered that attack by their larvae is of
secondary importance, and usually follows the occurrence of fire, mechanical damage,
or prolonged abnormal weather conditions, or the tree may be situated in an area of
Similar causes predisposing trees to attack by some species of
poor site quality.
longicorns and other insects have previously been reported (Moore, 1961).
In

trees of economic importance,

Experimental Procedure.

means
numbers of parasitized P. semipunctata larvae and the immature stages of
their parasites, and predators. Angopliora floribunda (Sm.) Sweet was found to be one
of the most suitable tree species to utilize as logs for attracting large numbers of adults
to oviposit, and the thick rough bark of this tree species protects the larvae from
desiccation more effectively than the smooth barked species such as E. saligna Smith.
As larvae of P. semipunctata are more numerous on felled than on growing trees, logs
were utilized for these investigations.
As a preliminary investigation, several controlled rearings of P. sonipunctata, P
recurva Newm., Epithora clorsalis Macl., Coptocercus biguttatus (Don.), G. aberrans
(Newm.) and C. rubripes (Boisd.) were made in cages, to correlate larvae with their
Felled trees of certain Eucalyptus and Angophora spp. present a satisfactory

of collecting

adult stage.

Proceedings of the Linnean Society of
J

New South

Wales.

1963, Vol. Ixxxviii, Part
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Immediately after the felling of a tree

it

was sawn

into billets

which were then

enclosed in cages constructed of bronze wire mesh, and retained in the field. Numerous
paired adults of the above insect species were collected at night on felled trees and
for oviposition on the billets.
Areas of attack on numerous growing trees
were also opened and examined, traps were constructed to obtain emerging adults, and
larvae were obtained for correlation with their adult stage.
Two apparently healthy trees of A. ftoribunda (referred to in Table 1 as PI and P2)
were felled, and inspected after approximately four months. A specific identification of
all the longicorn larvae occurring on the logs at that time was not possible and
mortalities were considered as being due to those factors affecting the larger species
of the cerambycids such as P. semi-punctata, P. recurva and E. dorsalis. A complex of
parasites, hyperparasites and predators was found, and mortalities of longicorn larvae
were recorded. Following these observations, more satisfactory techniques were devised
for further work concerned with mortality factors.
To determine the number of larval channels and the number of larvae which had
entered the wood at the time of examination of each log, the logs were scrubbed with a
fine wire brush to displace the frass and debris from the channels after the bark had
The number of larvae which
been removed and visible larval mortalities assessed.
were tunnelling entirely within the thick bark was not considered. Species of most
of the parasites, hyperparasites and predators could be determined by the characteristics
of their larvae, pupae or cocoons, and the remainder could be ascribed to the family
to which they belong.
utilized

MOKTALTTY FACTORS AFFECTING LaRVAE OF

P.

SEMIPUNCTATA.

A. Parasites.

Hymenoptera Braconidae.
The life-histories of all the
:

species of braconids studied appeared to be similar,

those species apparently exerting the greatest influence on the

number

of P.

and

semi-

punctata larvae during these observations are discussed in the Conclusion to this paper.

Apparently the various species of the Braconidae studied cannot parasitize those
longicorn larvae which have penetrated below the surface of the sapwood, as their
larvae, pupae or adults have not been found in that situation.
(i)

Syngaster lepidus Brulle.

The following description may assist in an identification of this species in the
Female (dorsal): Wingspan very variable, up to 24 mm.; forewings suffused

field:

grey-

brown, hindwings pale brown; head, basal sclerites of antennae and bases of mandibles
orange-red; antennae, eyes, area between ocelli and tips of mandibles, black; thorax
smooth shiny black; abdominal segments 1 and 2 are creamy white suffused pale
brown, and deeply punctate, with a narrow area on posterior border of abdom. seg. 1
black; remainder of abdomen except seg. 7 smooth shiny black with indistinct brown
suffusion, seg. 3 the longest and with 3 rows of transverse punctures, the anterior row
arcuate and convex posteriorly, the remaining 2 rows straight; seg. 7 orange-brown
with narrow black anterior border.
Legs may be all black, or almost all red-brown,
(ventral): Shiny black, sometimes
or with variable amounts of red-brown coloration,
with indistinct white median area on abdominal segments.
Male: Usually smaller than the female; coloration as for the female but abdom.
a row of transverse punctures on the anterior of abdom.
6, 7 & 8 orange-brown;
segs. 4 to 6 which are arcuate and convex posteriorly.
segs.

The white dorsal areas on abdom. segs

1

&

2,

and the absence

of white

bands on

the remainder of the abdom. segs. serve to distinguish this species from other species

examined.

The larvae are external parasites and occur singly. They differ in colour from
brown internal coloration, and they are

that of the following species by the absence of

usually smaller in

size.

Cocoons formed by the larvae are usually semi-transparent,

pale to dark brown, of variable thickness and size, and longer in proportion to their

BY
width, with rounded extremities (PI.

and

5

mm.

K. M.

MOOKE.

xiii, fig. 2).
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They may be up

to 18

mm.

in lengtli

in widtli.

Specimens

liave

been collected from the coast, highlands and western areas, and

the species distribution covers a wide range of climatic conditions from the hot, dry
inland where rainfall may average 11" per annum, to the moist coastal areas where

may exceed an average of 48" per annum, and up to 3000' altitude on the cool
highland areas of the Great Dividing Range. It occurs at Lisarow during all months

rainfall

of the year.
(ii)

?

Bi-acon capitator P.

This species and

(S.

lepidus are the two parasites most

commonly found

in

the

Lisarow area.

The following is
Female (dorsal)

a short description of the species:

Length and wingspan are very variable, and appear to be
dependent on the size of the host larva. Wingspan from 12 mm. to 30 mm.; forewings
suffused dark grey-brown, hindwings paler; coloration of head similar to that of
S. lepidus but head wider and eyes larger; pleuron red; abdomen smooth and shiny,
seg. 1 black, seg. 2 and anterior of seg. 3 white laterally, segs. 3 to 7 with a narrow
white band on posterior border extending beyond lateral aspect, remainder black,
(ventral): Shiny black; narrow median area, and a narrow band on posterior border
of each abdom. seg. white.
Legs black.
Male: Similar to female but pleuron black, and area between the ocelli red.
The red pleuron, the white bands on abdom. segs and the absence of white on
abdom. seg. 1, serve to distinguish this species from S. lepidus. Adults and cocoons
(PI. xiii, fig. 1) appear to correspond to the description of IpMaulax ruhriceps given
by Froggatt (1923).
:

Adults were collected from Wentworth Falls (altitude 2844 ft.) and Lisarow, and
on the coast and highlands. It occurs at
Lisarow during all months of the year, and may oviposit when the temperature in the
field is as low as 52° F.
this species appears to be widely distributed

Oviposition, which may occupy two hours on A. floribunda, occurs on logs felled
weeks previously, and adults may continue to oviposit in the same log for more than
five weeks.
The areas of bark where two adults were observed to oviposit were
removed, and it was found that oviposition occurred posterior to, and within 3 mm. of,

11

each longicorn larva.
After location of a larva, and

wasp slope forward and down

to

when about to oviposit, the antennae of the female
contact the bark, while the antennae form an angle

The abdomen

about 90° to each other.

it is almost vertical and
sheaths are curved in a loop
posterior to the abdomen and thence forward until their tips also appear to be inserted
with the ovipositor in the bark. The proximal end of the ovipositor is moved with a

of

the

tip

of

the

ovipositor

is

inserted;

is

raised until

the ovipositor

swung from side to side in an arc. Before the
be withdrawn from the bark and drawn several
times between the posterior legs of the adult. Oviposition is indicated by a few quick
short movements by the adult.
circular motion

ovipositor

is

and the abdomen

fully inserted, it

is

may

Larvae are external parasites and occur singly; they are white to pale cream, and
the brownish contents of the abdomen, which distinguish late instar larvae of this
species from those of 8. lepidus, may be seen through the transparent exoskeleton. A
strong opaque white to cream-brown silken cocoon is spun when a larva is fully fed,
and attached to the base of the longicorn channel in the sapwood and the internal
surface of the bark, with the flat, parallel upper and lower surfaces at right angles to
Cocoons may be from 7 mm. to 20 mm. in length.
its sides.
During very wet weather when the bark of the experimental logs was saturated,
large numbers of ? B. capitator adults had died as they were attempting to emerge
from their cocoons beneath the bark of A. floribunda, which appeared to indicate that
the excess of moisture contributed to the mortalities.
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From a log felled during February, many recently constructed cocoons containing
braconid larvae and pupae were collected during the fifth month after felling. From
an examination of another tree during February, approximately four months after
felling, most of the braconid adults had emerged from the cocoons.
(iii) Ipobracon sp. (a).
Adults of this species are similar in coloration to those of ? B. capitator but differ
in that the head is bright sulphur-yellow; the black area between the ocelli is extended
to surround them, continued anteriorly to the bases of the antennae and laterally
almost to the eyes; wingspan approx. 20 mm.; the pleuron is black; abdom. segs. 2 & 3
are without a white lateral area, and these segments are suffused dark tan-brown
dorsally; segs. 3 to 7 with a dorsal narrow white posterior border; the ovipositor is
shorter than that of the two previous species. Anterior legs with coxae black, femora
black with distal half yellow-brown, and remainder of legs yellow-brown; medium
coxae black, femora black with distal | or less yellow-brown and remainder of legs
yellow-brown; posterior legs all black except the yellow-brown proximal J of tibiae.
Larvae of this and the following species could not be separated in the field.

Ipobracon

(iv)

sp.

(b).

Coloration of this species differs from that of Ipohracon

sp.

(a) in that the

head and

thorax are reddish-orange.
(v) Doryctes sp.

The adults are the smallest of the five braconid species given here, and have a
wingspan of about 10 mm. The size and coloration of males and females are similar.
General coloration is brown. Abdom. seg. 3 dark brown laterally, and all of segs. 4 to 7
dark brown; legs pale brown with a darker narrow band of brown around the centres
femora and tibiae.
Larvae are gregarious, and up to 17 larvae or pupae may occur together in the one
longicorn channel. Cocoons (PL xiii, fig. 3) are about 8 mm. in length, cream to pale
brown in colour, and are usually spun contiguously. They have been collected during
March to August, and January.
of the

Diptera: Phoridae.

Megaselia

(vi)

sp.

During March, 1955, when
14-14

rainfall for

February and March was 17-10 inches and

inches respectively, about 50 larvae of this species were found on and near a

destroyed and shrivelled longicorn larva under the bark of a felled tree.
Larvae of
the genus Phora are stated to be parasitic (Imms, 1948), but although parasitism

appeared

to

have occurred in this instance,

it

was not possible

to verify this.

B. Predators.

Coleoptera: Cleridae.

Four species of this family were found
and each species appeared to be univoltine.

to

be predatory on the longicorn larvae,

(i) Stigmatium, gilberti White.
Last instar larvae of this species are about 28 mm. to 34 mm. in length, and may be
They have been
distinguished by a band of mottled bluish-grey on each segment.
collected under bark during July to October, and adults occur during December to
February.
(ii)

Stigmatium victoriae Kuwert.

The

bright blue larvae of this species have been collected during
March. The last instar larva is about 30 mm. in length, and the pupal
stage occupies about three weeks during March and April.
The pupa also is at first
bright blue in colour, but later gradually deepens to dark grey.

December

distinctive
to

(iii) Trogodendron fasciculatum (Schreibers).
Larvae of this species are bright pink in colour, and may be up to 40 mm. in length.
It is probably the most common of the clerid larvae attacking longicorn larvae.
Pupation occupies about three weeks during October and November.
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Tenerus abbreviatus White.

(iv)

adult of this species, about to emerge, was collected in a longicorn channel,

An

under bark, during April.
Colydiidae.

Five species of this family were determined to be predatory during either the
and they are also cannibalistic when in the larval stage. The
small cream coloured larvae with tan-brown head capsules spin cream coloured cocoons
Larvae of the following species were reared to the adult stage
in which they pupate.
(vi) B. vittatus Newm.;
during these investigations: (v) Botliricleres equinus Pasc.
(vii) Deretaphrus ignarus Pasc; (viii) Phormesa sericolUs Pasc; (ix) Teredalaeimis
larval or the adult stage,

;

sp.

Diptera: Asilidae.
(x) Brachyrrhopala sp.
Larvae of this species were collected during March to May, and October, from
beneath the bark of trees which had been felled 5 to 7 months previously. The larval
stage may occupy about 5 months, and pupation approximately 6 weeks. This species
of insect, which has not yet been described, is comparatively rare, and very few
specimens were collected during the investigations (see Table 1).
C. Hyperparasites.

Hymenoptera: Ichneumonidae.
Cyanoxorides

(i)

This species

and

?

is

sp.

parasitic on larvae of the Braconidae

which attack both

8. lepidus

B. capitator.

Larvae spin their thin transparent shiny pale brown cocoons (PI. xiii, fig. 4) in the
longicorn channels, or they may allow the braconids to spin their own cocoons and
pupate, or even reach the adult stage, before they emerge from the specimen. Pupation
occupies about

fiA^e

weeks during May

to July.

Eurytomidae.
(ii) Eurytoma near descartisi.
The male and female of this species

differ considerably in size and coloration. The
female is about 7 mm. in length, with a wingspan of 9 mm.; head and thorax are
deeply and evenly punctate; head, eyes, antennae and thorax black; abdomen deep red,
shiny, slightly pubescent and flattened laterally; a series of six separated black lateral
markings on the abdomen, the three anterior of these marks consisting of spots
laterally, the three posterior forming bands over the back and sides; posterior segments
are upturned with the ovipositor sheaths short and pointed; coxae, trochanters and
femora black, tibiae and tarsi reddish-brown. The male is smaller, with a length of
about 3 mm. and a wingspan of 5 mm.; head and thorax black, very punctate; antennae
black with thick whitish pubescence; abdomen shiny black and flattened laterally;
legs except tarsi, mainly black with light brown areas surrounding the joints of each;
tarsi pale brown.

Larvae are gregarious, do not construct cocoons, and up to 12 pupae have been
Pupation occupies about four weeks during
together in the one channel.
summer.
The function of this species in the complex associated with the longicorn larvae
was not established, but it is presumed to be a parasite of the braconids from the
collected

following observations:

minutes after oviposition by ? B. capitator had commenced, a female of
alighted on the bark near the former species where it remained
almost motionless for a further 10 minutes. When the former species had withdrawn
its ovipositor and remained astride the hole, the latter species moved to the hole
beneath it and inserted its ovipositor. For five minutes the former species unsuccess-

About

E.

nr.

45

descartisi
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to

move
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the latter species by probing

at

it

with

its

Oviposition by the latter species occupied about 15 minutes,

ovipositor.

antennae and
when it then

moved away.
Cleonymidae.
(iii) Marxiana grancliosa Gir.;
(iv) Marxiana sp.;
(vi)
fv) Thaumasiira sp.;
WesHvoodiana sp.
A complex of species of this family are parasitic on the braconids 8. lepidus and
? B. capitator.
No cocoons are spun by these species, and they pupate either in the
channels, or within the cocoons of their hosts. As larvae and pupae of each species are

similar in appearance, the various species could not be separated in the

field

during

those stagesk

A larva collected at about one-third of its full development during June, pupated
during July and emerged during September, occupying a total period of about eight
weeks. Adults have emerged during March, and June to November.
D. Other agencies.
Bacteria, fungi or undetermined causes.

Dead, flaccid longicorn larvae were found to be very numerous in the phloem area
Numerous larvae had also been attacked by a white fungus,
probably Beauveria sp.
During the period of wet weather from 1949 to 1956, adults of the species of
longicorns attacking felled trees were comparatively scarce, and from observations made
subsequent to, and during, that period, the excessive moisture from the heavy and
prolonged rainfall appeared to influence the population numbers. The bark of logs was
often saturated, and the surface of the sapwood beneath the bark was stained grey to
of several logs examined.

black.

The

relative importance of each of the mortality factors recorded

from Table

may

be determined

1.

Conclusion.

Most species of the longicorn larvae studied ultimately enter the wood, then
appear to move beyond the area of possible attack by the braconids, usually penetrating
to a depth of

Removal

about

.3"

to pupate.

bark from the logs was necessary to examine the channels, and it
is considered that additional mortalities would have been caused by the various agencies
An
prior to pupation of larvae apparently unaffected during these observations.
indication of this possibility is evident in the results, given under Log A in Table 1,
which was examined both at four months and at seven months after felling. The
portion of this log examined at seven months was the remaining portion of Log 3, and
the numbers of mortalities observed and expressed as a % of the number of channels,
The results from
were considerably greater at seven months than at four months.

Log

A

of the

are thus considered to be a

more accurate indication

of ultimate mortalities

under conditions in the field than are the results from Log 3.
On Logs PI and P2, parasitism was greatest where the bark was approximately
t inch in thickness, and less parasitism occurred where the bark was about 1 inch
thick.

On Log PI, the large number of mortalities due to "other causes" were associated
with above-average rainfall after the tree had been felled and had become infested.
Rainfall for the four months totalled 21-55 inches; there was high relative humidity
and temperatures were comparatively static, the highest maximum temperature for each
month being 70° F. and the lowest minima for the consecutive months were 56°, 57°,
58° and 56° F. Numerous larvae were flaccid within their channels. Mortalities due to
? Beauveria sp. were most numerous where the bark was thickest.
In these experiments there were many variables, such as the surface length of an
individual log actually in contact with the ground; grass coverage on the surrounding
area; suitability of logs for optimum development of larvae, etc.
Some logs appeared
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unsuitable for the development of larvae, and complete mortality of larvae at times
occurred, with no evidence of any recognizable mortality factor.

During the relatively wet seasons parasitism was greatest in the upper half of the
and during relatively dry seasons parasitism was greatest in the lower half of the
logs which lay in contact with the ground and where moisture was more readily

logs,

retained in the bark.

None of the natural controlling factors of cerambycid larvae observed during these
investigations were found to be host specific.
Species of the family Braconidae were
the most numerous, although many mortalities due to unknown factors occurred during
some seasons.
Table

2.

Weather Aspects during Investigations.
(Figures supplied

by Department of Agriculture

Citrus

Experiment Station. Narara.)

Total

Rainfall.

Inches.

April

May

June

731

533

1,197

7

July

Aug.

Sept.

Oct.

Nov.

277

314

376

241

173

Oct.

Nov.

Dec.

Jan.

Feb.

241

173

1,118

623

407

1,467

April

May

June

July

Aug.

Sept.

Oct.

533

1,197

277

314

376

241

March
2.

3.62-

29. 6.62

.

24-68

17. 7.62-

29.11.62

.

13-81

March

17.10.627.

3.63

.

March
2.

40-29

3.62-

17.10.62

731

.

36-76

Temperatures.
(a)

Mean maximum

;

Mean minimum (March-December).

(&)

1962

(a)
(b)

78-9
57-3

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

71-8
53-2

66-5
45-4

64

63-7
37-9

64-4
40-0

69-5
44-4

47-6

78-3
54-4

74-1
55-9

1

39-9

1963 (January-March).

(a)

m

Jan.

Feb.

March

80-3
62-7

81-7
62-7

77-5
61-4

Oviposition by adults of S. lepidus and ? B. capitator usually commences about
eight weeks after a tree has been felled, and is continuous during the presence of
longicorn larvae beneath the bark.

To obtain last instar braconid parasite larvae or pupae, it is desirable to collect
from the log during the third or fourth month after a tree is felled during the summer,
or the fourth or fifth month after felling during February.
Trees felled during
February or March appear to be the most useful source for the collection of parasite
larvae and pupae, but this may vary from year to year.
if

Fully fed, or almost fully fed, braconid larvae successfully complete their
held in separate glass specimen tubes plugged with cotton wool.

life

cycle
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S. lepidus, because of its adaptation to the hot and dry areas of New South Wales,
probably the species best suited for introduction to the State of Israel, and South
Africa, when considering the climatic similarities of Australia and these countries.
is

Specimens of S. lepidus were the most numerous of the braconid species at Lisarow,
although ? B. capitator sometimes approached it in numbers. These two species, and
perhaps Doryctes sp., appear to offer best prospects of controlling P. semipunctata
larvae, should they be introduced to other countries.

As some family groups of the specimens of the parasites, hyperparasites and
predators listed above are in need of revision, specimens are retained in the collection
of the Forestry Commission of New South Wales, and the sources of identification are:
Braconidae: Staff of the British Museum, and Mr. A. W. Parrott.
Ichneumonidae: British Museum.
Chalcidoidea: Mr. E. F. Riek, C.S.I.R.O.
Cleridae and Colydiidae: British
Diptera:

British

Museum, and

Museum.

Dr. S. Paramonov, C.S.I.R.O.
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A NEW

SPECIES OF GEKKONID LIZARD, GENUS DIPLODACTYLUS GRAY,
FROM EASTERN AUSTRALIA.

By Arnold

G. Kluge,

Department of Biology, University of Southern
(Communicated by M7'. H. G. Cogger.)

California.

one Text-figure.)

(Plate xiv;

[Read 28th August, 1963.]

Synopsis.

A new

species of the strophurus complex of the gekkonid lizard genus Diplodactyhls Gray is
described.
The new species is Icnown from northern New South Wales and Queensland. The
possible relationships of the new species to ciliaris and intermedins are discussed.

The systematics of the strophurus complex of the genus Diplodactylus has been a
major source of confusion to herpetologists (Zietz, 1920; Loveridge, 1934; Brazenor,
1951; Glauert, 1952; Mitchell, 1955).
The complex, as currently defined, is comprised
of strophurus Dumeril and Bibron (1836), spinigerus Gray (1842), ciliaris Boulenger
Although the group
(1885), intermedius Ogilby (1892) and aherrans Glauert (1952).
forms a well circumscribed and apparently natural complex within the genus, the
majority of the obvious external morphological characters typical of
supraciliary

spines,

random and

clinal

variation of the populations in the complex,

museum and

its

species

(i.e.,

body tubercles and tail spination) exhibit considerable
variation.
In an attempt to delimit the external morphological
dorsal

all of

the specimens located in Australian

university depositories were examined and

it

appears that the following

additional undescribed species should be recognized.

Diplodactylus williamsi,

sp.

nov.

—

A.M. R14987 Warrumbungle Mountains, New South Wales, Australia,
collected by Harold G. Cogger.
Paratyjies: New South Wales: Ballimore, via Dubbo
(A.K. 1414); Boggabri (A.M. R2007-9, A.M. R4775a-b)
Garah (A.M. R12341) Macquarle
Marshes (A.K. 1415); Mungindi (Q.M. J2324); Tamworth (A.M. R2624-5, A.M. R2628-31,
A.M. R2633-4)
Warialda
(Q.M. J270);
Warrumbungle Mountains (A.M. R14986).
Queensland: Blackall (A.M. unlabelled) Darling Downs region (Q.M. J2324); Mount
Isa (A.M. R15138); Murilla Station, near Dalby (Q.M. J8430-1)
Retro Station, near
Capella (A.K. 1175-9, A.K. 1208-12, Q.M. J6136, Q.M. J6139, A.M. R12109a-b)
Townsville
(A.M. R15128); Woodstock, near Townsville (A.M. R15645, A.K. 1416).
Holotype:

;

;

;

;

;

;

Referred Material: The following specimens are without accurate locality data and
not included as paratypes: A.M. A265, A.M. R2184-5, A.M. R2785. A.M.
112787-9, M.M. R815, Q.M. J731.
are therefore

Diagnosis:
the

in
64-8

Diplodactylus williamsi differs from all other members of the genus
combination of characters: size large (snout-vent length 44-0 to

following

mm.,

av.

55-8);

short,

depressed

greatly

and laterally expanded

digits;

large

subapical plates and transverse distal subdigital lamellae; an angular series of two to
four fleshy cloacal spurs; preanal pores present; supraciliary spines projecting slightly

beyond margin of eyelid (PL xiv, a) dorsal surface of body with two nearly parallel
longitudinal rows of yellowish-orange sharply pointed tubercles and lateral to these a
shorter row (posterior one-fourth to one-half of body) of tubercles of similar shape
;

and colour (PI. xiv, h and c) dorsal surface of tail covered with four parallel longitudinal rows of yellowish-orange spines (PI. xiv, d and e)
general colour and pattern
;

;

grey (brown in preservative) with darker reticulations and spotting.
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Description of Species: Head moderately convex; eye large; snout long; rostral
quadrangular, slightly less to slightly more than twice as wide as high; dorsomedian
rostral crease variable
(see discussion on intraspecific variation);
nostril large,
surrounded by first supralabial, rostral, two to three, av. 21, swollen supranasals, and
one to three, av. 1-8, small postnasals; zero to four, av. 1-9, internasals separating
greatly enlarged anterior supranasals; nine to twelve, av. 10-5, scales between postnasals and preocular granules; seven to eleven, av. 8-7, supralabials; nineteen to
twenty-six, av. 21-8, scales between centrolateral margins of orbits (excluding those of
dorsal eyelid); one to five, av. 2-5, very short spinose scales on posterior border of
mental
dorsal eyelid (only slightly projecting beyond margin of eyelid PI. xiv, a)
small, nearly triangular, slightly wider than long to slightly longer than wide; ten
to fourteen, av. 12-1, infralabials; scales bordering mental and infralabials slightly
enlarged and flattened, gradually grading into granules of throat region; external ear
opening moderately small, variable in shape and position wiCh respect to angle of jaw

—

;

(apparently due to different methods of preservation); scalation of dorsal surface of
(PI. xiv, h and c). consisting of (1) sharply pointed tubercles in
four nearly parallel rows (inner or primary pair begin above pectoral region and are

body heterogeneous
continuous with

spination

pectoral region and

may

of

tail,

outer or

secondary pair

originate

much behind

be repi'esented by only one or two tubercles anterior to groin),

(2) small conical scales, and (3) minute triangular granules; ventral surface of body
covered with moderately small flat imbricate cycloid scales; dorsal surfaces of limbs
covered with slightly elevated and imbricate or juxtaposed scales surrounded by minute

granules; ventral surfaces of limbs covered with small conical scales
surrounded by minute triangular granules; digits short, wide, depressed; subapical
plates very large, wider than proximal width of digit; claws short, strongly curved,
not or but slightly extending beyond margin of claw sheath; fourth finger with five to
^ine, av. 6-9, subdigital lamellae (zero to two, av. 0-8, minute scales between subapical plates and first enlarged transverse lamella; three to six, av. 4-2, enlarged
undivided transverse lamellae followed by zero to four, av. 1-9, smaller scales) fourth
toe with five to nine, av. 7-4, subdigital lamellae (zero to two, av. 0-9, minute scales
between subapical plates and first enlarged transverse lamella; three to five, av. 4-3,
enlarged undivided transverse lamellae followed by one to four, av. 2-2, small scales);
tail covered above with heterogeneous scalations (PI. xiv, d and e) consisting of (1) small
conical juxtaposed or imbricate scales, (2) minute, approximately triangular granules,
and (3) four relatively continuous longitudinal parallel rows of spines of variable
length (see discussion on intraspecific variation); ventral surface of tail covered with
small flat imbricate scales surrounded by minute granules; single diagonal row of one
to five, av. 2-4, cloacal scales per side (males
one to five, av. 2-5, much larger and
more prominent than in females; females one to three, av. 21); males with four to
eight, av. 5-5, preanal pores per side, separated by one to five, av. 1-8, scales (females
normally lack preanal pores; however, there is some suggestion of them in three
females from Retro Station, near Capella, Queensland).

triangular

;

—

—

Snout-vent length 44-0 to 64-8 mm., av. 55-8; (the following measurements are
expressed as percentages of the snout-vent length) length of tail 50-8 to 71-0, av. 62-3;
length of head 23-3 to 29-9, av. 26-6; length of snout 9-8 to 11-6, av. 10-5; diameter of
orbit 5-3 to
17-7

to

20-3,

7-7,

av.

av.

fore limb 28-3 to 36-0,

limb 37-9 to

distance from eye to ear 7-9 to 9-6, av. 8-7; width of head
distance from axilla to groin 43-6 to 52-8, av. 48-1; length of
av. 33-1; length of fourth finger 5-5 to 7-7, av. 6-5; length of hind

6-6;

18-8;

44-4, av. 40-7;

length of fourth toe

7-0 to 8-8, av. 7-7.

dorsal surfaces are dark

grey covered with irregular black reticulation.
Occipital region and area between primary longitudinal rows of tubercles with a darker
ground colour and heavier concentration of black reticulation. Dorsal body tubercles
and spines light orange.
"Ventral ground colour in life greyish-brown with a fine
In

life

scattering of black spots

(generally restricted to individual scales).

In preservative

dorsal ground colour becomes light grey or tan and reticulation becomes

brown or

is

XEW
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completely

lost.
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After a short period in preservative the tubercles become yellow or

white.
Intraspeciftc Variation: The most striking geographical trends in the external
morphology of williaTusi are those of shape and size of the caudal spines. At the southern
extreme of the geographical range of the species the spines are long and relatively
thin (PI. xiv, d). In populations to the north there is a gradual change toward short
and relatively stout spines (PI. xiv, e). From the material examined there does not
appear to be a definite geographical break in the expression of these characters and

apparently they represent a simple continuous north-south

cline.

In all of the specimens examined from Retro Station, Woodstock, Townsville and

Mount

Isa (northern part of the range of the species)

divided by the dorsomedian rostral crease.

exception of a specimen from Boggabri, the rostral

median

the rostral shield

is

only partly

In the rest of the range, with a single
is

completely diA'ided by the dorso-

rostral crease.

It appears that there is a trend in the amount of black reticulation present on
the dorsal surface of the head and body. The specimens from the northern part of the
species range show an increased amount of reticulation; however, as was previously

pointed out in the colour description there are rather striking changes in colour and
pattern upon preservation. To substantiate the presumed trend in reticulation a larger
number of living specimens must be examined.

members of the strophurus
on the basis of the external characters studied
in this paper. The following ideas concerning the affinities of ivilliamsi should therefore
be considered tentative and a more accurate and complete interpretation must await a
revision of the genus with an investigation of the osteological characters.
As inferred from the head, body and tail spination, ^Dilliamsi appears to be more
closely related to D. ciliaris and D. intermedius than to any of the other members of
The very short spinose scales over the eyes (extremely long in ciliaris)
the genus.
are identical with those found in intermedius. The shape, size, colour and distribution
The
of the dorsal body tubercles show similarities to both ciliaris and intermedius.
spination of the tail is more suggestive of ciliaris than intermedius. From a general
survey of a large number of additional external morphological characters there is no
indication that williamsi is more closely related to one species than to the other. The
distributional patterns and possible intergradation in central Australia indicate that
ciliaris and intermedius are very closely related and represent derivatives of a once
more widely ranging ancestral population. It is possible that the williamsi population
represents a relict in northern New South Wales and Queensland of the ancestral
ciliaris-intermedius population.
The separation of the williamsi ancestor and the
western populations is impossible to date, but may have occurred in Pleistocene. A
subsequent eastward expansion of the ancestral population probably has followed, with
what is now recognized as ciliaris moving down into Queensland from the northern
part of the Northern Territory and becoming sympatric with ivilliamsi. while intermedius moved into south-eastern New South Wales and overlapped only the southernmost margin of the range of williamsi (see fig. 1).
Discussion:

complex are

The relationships

of

williamsi to other

difficult to interpret solely

The only

locality of sympatry between intermedius and ivilliamsi is
South Wales.
The former species has been collected at Carinda,
Quambone, Coonamble and Warren, all localities interdigitated with records for
williamsi, and possibly suggest a narrow zone of sympatry between the two species.
In the zone of sympatry and adjacent areas both species occupy what appears to be a
relatively uniform and continuous habitat. All the available information indicates that
both species occur under the bark of the Callitris pine, but with the possible exception
of the Boggabri locality, the two forms actually have not been collected together. The
Boggabri specimens of both intermedius and ivilliamsi are from early collections and no
habitat information accompanies them.
If future collecting shortens the distance
between the localities of the two species particular attention should be paid to habitat

Boggabri,

New

specific

.

BY ARNOLD
preferences.

some degree

It

is

possible that

G.

KLUGE.
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two forms are in competition and have reached
one of them is in the process of being replaced by

tire

of equilibrium or that

the other.

the

As was noted in the section on intraspecific variation, specimens of williamsi from
southern extreme of its range are much more different morphologically from

The distribution of Dtplodactylus williamsi showing the individual localities
Figure 1.
(large solid black circles), and the approximate eastern extensions of the ranges of D. ciliaris
(heavily stippled) and D. intermedius (horizontal dashes).
intermedhts than are those farther to the north. In the narrow zone of sympatry with
The increase in
intermedius the differences appear to be of the greatest magnitude.
morphological differentiation suggests the little understood phenomenon of character
displacement (Brown and Wilson, 1956).
Diplodactylus williamsi is named in honour of Dr. Ernest E. Williams of the
of Comparative Zoology, Harvard College, for his many contributions to

Museum

herpetology.

material for

Dr.

my

Williams has unselfishly made available a great deal of gekkonid

studies.
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EXPLANATION OF PLATE

1,

XIV.

a. Dorsal view of the head of Diplodactylus loilliamsi showing (.arrow) the very short
spinose scales on the posterior border of the dorsal eyelid.
h. Dorsal view of Diplodactylus
williamsi showing the heterogeneity of the scalation.
c. Dorsal view of the body of Diplodactylus loilliamsi showing the continuous inner primary row of tubercles (solid arrow) and
the shorter outer secondary row of tubercles (open arrow).
d. Dorsal view of the tail of
Diplodactylus ivillianisi showing the arrangement, shape and size of the spines (southern
population),
e. Dorsal view of the tail of Diplodactylus loilliamsi showing the arrangement,
shape and size of the spines (northern population).
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Synopsis.

A

system of classifying strains of Puccinia graminis var. tritici is outlined and applied
Genes present in the
to the strains collected in the Australia-New Zealand geographical area.
differentials of Stakman and Levine are of limited value in describing the pathogenicity of
Using these genes, however, in conthe common strains of wheat stem rust in Australia.
junction with those present in six other varieties, an accurate description of the pathogenicity
The varieties used as parents in breeding for
of a particular collection of rust can be given.
Once a
stem rust resistance in Australia provide the most useful genes for differentiation.
variety becomes widely cultivated the rusts develop an ability to attack it and this results
in a close relationship between the area sown to varieties with a particular gene and the
frequency of the rust strains against which that gene offers no protection. Probably a broad
genetic base on which resistance depends offers a more lasting protection against variability
in the fungus.

In an earlier publication dealing with leaf rust of wheat (Puccinia reconclita Rob.
ex Desm.) the authors (1961) outlined the relationship between breeding for resistance
to that fungus and the variability that it showed. We indicated the procedure that was

adopted in the annual strain survey work conducted, the difficulties in attaining a
standardized procedure throughout the world, and finally we suggested a scheme for
classification which was based on that used by potato workers for the strains of the
Late Blight fungus. This system for leaf rust has proved entirely satisfactory and we

now propose

to report on the scheme for stem rust which we have had under trial for
This report, therefore, will be a companion paper to our earlier work, but
will be related entirely to the stem rust fungus, Puccinia graminis var. tritici Eriks.
and Henn. The scheme is not put forward as the ultimate in classification, but we are
using it in conjunction with our efforts to breed stem rust resistant wheat varieties.
Only differences which are known to be of practical significance for breeding have been

four years.

considered in the classification, but since we firmly believe in the long-term continuity
of these studies and the integration of- this work with similar work elsewhere, we have
utilized varieties that are well known throughout the world.

While we recognize the races previously described, we do not recognize the term
some host genes as superior to others. Phenotypes that can be separated pathogenically we describe as strains, and they may or
may not belong to the same race. Hence we have recorded 25 strains from the field
which may be grouped into seven "standard" races.
"sub-race" since this involves ranking

Eaklikr Work ox Stem Rust.
The classical studies of Stakman and Levine (1922) are so well known that little
mention need be made of them here. They selected twelve differential varieties which
have become recognized throughout the world as the standard differential series.
Collections of rust which are separable on them have been referred to as "standard"
races (Stakman et al., 1962).
Waterhouse, in the early stages of the Australian investigations, had access to this
material and showed clearly (1929) that the varieties selected in the United States were
of value

under

between the "standard" races of stem
misconception developed and it was assumed that

local conditions for differentiating

rust that occurred in this country.

A
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race 34 identified in Australia was tlie same as race 34 in the United States. Waterhouse
and Watson (1941) showed that this was not so and that several differences existed
In countries throughout the
between Australian race 34 and United States race 34.
world it is now well known that the "standard" races may comprise many types, and
Stakman et al. (1962) have discussed much of the background that has developed

around this problem.

The

significance of differences between

evident in 1942

when

components

of the "standard" races

became

the variety Eureka carrying the gene Sr6 for stem rust resistance

became susceptible. The rust involved, a hitherto unknown strain, was indistinguishable from the predominant strain previously present, except that one attacked Eureka,
The former was called 126B and the latter 126 (Watson and
the other did not.
Waterhouse, 1949). This was the first happening of its kind occurring in Australia and
However, similar
in the absence of barberry infections was not readily explained.
happenings now occur with monotonous regularity in leaf rust (Watson and Luig, 1961)
and also in stem rust.
In view of its susceptibility, Eureka was replaced in commercial cultivation by
This gene gave protection against "standard" race 126
and the Eureka attacking component 126B, the two types known to be present at the
The
time.
Varieties in this group were Gabo, Charter, Yalta, Kendee and Saga.
susceptibility of these in 1948 to new and unrecorded types of rust required a new
Waterhouse (1952) used the letters A and B to denote
system of nomenclature.
avirulence and virulence respectively for a particular variety, e.g., 222AA was avirulent
on Eureka (Sr6) and Yalta (Srll), but 222 AB attacked Yalta but not Eureka.
Modifications to this system were made as the variability in the organism became
more complex and the lettering was replaced by numbers which were given in order of
isolation of the particular rust type in the Australia-New Zealand geographical area,
e.g., 126-Anz-l, 126-Anz-2, 126-Anz-3 (Watson, 1955; 1958). While this was satisfactory
up to a point, it necessitated the use of a key at note taking and, moreover, it did not
convey to wheat breeders the intimate relationship between the virulence of the strain
and the resistance of the host.
Within the "standard" race 21, for example, the
differentiation of at least eight distinct components can be demonstrated by the use of
five different genes unlike those present in varieties of the international series.
Such
complexity has necessitated a search for the most convenient and efficient system of

varieties having the gene Srll\

nomenclature.

Rust Collection and Identification.

may be obtained from widely separated areas, it has
been the practice for several years to send out seed of six varieties sufficient to plant
a row six feet long of each. This seed is sent to our co-operators who may be farmers,
schoolteachers or agronomists.
The varieties are Federation (no known resistance
In order that samples of rust

(Srll), Eureka (Sr6), Gamenya (Sr9), Mengavi (C.I. 12632 resistance)
and Black Winter Rye. If rust develops on plants of these varieties from volunteer
inoculum, it is forwarded for study. Usually 400-500 samples of stem rust are examined
each year and these may come from one or more of the 400 sites where the above
varieties are grown or they may come from samples collected in commercial crops. The
material is increased on a susceptible variety and when inoculum develops sufficiently

genes), Yalta

used to infect simultaneously seedlings of varieties representative of three groups.
first group are the members of the international series which have been
found useful for the classification of the material into "standard" races.
These are
it is

In

the

Mindum, Acme, Einkorn and Vernal Emmer. The second group comprises
genotypes which will subdivide the "standard" races and they are either commercial
varieties or stocks that have been selected or synthesized for the purpose.
These are

Reliance,

While Gabo and related varieties were believed to have two linked dominant complementary
which Knott and Anderson (1956) called Srll and Srl2, Sears and Loegering- (1961)
and Luig (1960) have found this type of resistance to be due to a single factor which we
1

g-enes

now

refer to as Srll.

BY

McMurachy W 2088
Renown
2346 and

W

which are resistant

I.

A.

Yalta

(Sr6),

W 2401

WATSON AND

W 1373

N. H. LTJIG.

(Srll),

W 2402

The third group

(SrS).

is
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(Sr9),

made up

W 1656

(0.1.12632),

of varieties or stocks

W
W

W

Khapstein
1451,
2708
and Agropyron derivative
1961. Other
varieties such as Celebration are included from time to time, but normally 15 genotypes
are inoculated with each collection from the field. Where it is impossible to determine
the components when the collection comprises mixed strains, single pustule isolations
from the appropriate genotypes are built up and re-examined.
The examinations are made during the spring and summer months mainly when
glasshouse temperatures vary from less than 60° F at night to more than 80° F during
the day. As the mean temperature rises seedlings generally become more susceptible.
However, of the varieties used in differentiation, only Mindum and McMurachy show
Waterhouse (1929) has
such extreme variation as to cause errors in classification.
already indicated that the same culture could be identified as race 34 in the summer and
race 56 in the winter, due to the resistance of Arnautka, Mindum and Spelmar at this
The sensitive reaction of varieties having the gene Sr6 is already well
latter time.
(F.K.N.

known

to all local rust strains at present, e.g.,

C.I. 13154, 1150.17),

Golden Ball

W 1929

(Forsyth, 1956).

The DlFFEKENTIATlON

OE STRAINS

]

THE GeOGKAPHICAL AkEA OF AUSTRALIA AND

.\

New

Zealand.
Early Wo7'k.
The work on specialization of wheat stem rust in Australia was commenced by
Waterhouse, and he has presented a summary of the findings until March 31, 1951
(Waterhouse, 1952). The 30 years during which these investigations were carried out
can be divided conveniently into the pre- and post-Eureka periods. This latter variety
was released in 1938 and a virulent strain of rust was first found on it in 1942 with the
From the
isolation from Narrabri of strain 126B (Watson and Waterhouse, 1949).
commencement of the work until 1942 makes up the first period and the second includes
the remaining years.
Until Eureka became susceptible there was no necessity for supplemental varieties
(a)

in separating

stem

tion required.

rust.

The international

Consequently,

in

this

series

first

was believed

to give all the differentia-

period Waterhouse records the

following

"standard" races: 11, 33, 34, 43, 44, 45, 46, 54, 55, 56 and 59, and the reaction types are
given in the keys prepared by Stakman et al. (1962). These "standard" races, with the
exception of 34, cannot now be isolated from the field; they have been lost from the
From Waterhouse's results
culture collection and almost nothing is known of them.
(1936), however, it is quite apparent that varieties other than those of the standard
series would separate them. It is highly probable that certain Australian varieties used
in conjunction with those of the standard series could have been used to give a refinement to the classification of the strains in this first period of study.

The second period which began with the isolation of the strain capable of attacking
Eureka is characterized by an increasing complexity in pathogenicity of the components
within the "standard" races. Waterhouse (1952) records these latter as 11, 14, 21, 56, 126
and 222, only about half the number recovered in the previous period. However, in 222
he found 222AA, 222AB and 222BB where A and B are used as described above. Eureka
attacking strains required the addition of genotypes with Sr6, and the strains virulent
on Yalta which were first isolated from Queensland in 1948 required the addition of
"Standard" race 34, which is listed as
genotypes with Srll for their identification.
having been found prior to 1942, is not recorded for the second period and presumably
it dfd not occur.
It will be shown later, however, that strains of rust are still present
both in Australia and New Zealand which collectively conform in their reaction types
to

"standard" race

34.

Work.
The period we have particularly under review

(&) Later

and continued

to the present day.

at present

commenced

There are several outstanding features

in April, 1951,
of the period.
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Eureka rapidly receded in popularity and it was
were virulent on genotypes with Sr6. The commercial
varieties with the gene Srll, Charter Kendee, Yalta, Gabo and Koda began to lose
popularity and this was hastened with the isolation of the virulent and aggressive
Festival, a variety with the gene Sr9, gained widespread recogstrain 21-2 in 1956.
nition in northern New South Wales and Queensland, and became the leading wheat in
the latter State. Since 1960-61, however, at least two components of "standard" race 21
Spica and Glenwari, two varieties
virulent on it will lead to a reduction in acreage.
which have a similar type of adult plant resistance, proved popular, but strains were
Finally, the period is noteworthy for the release of two
isolated virulent on them.
backcross derivatives resembling Gabo, Gamenya with Sr9 and Mengavi with a gene
from C.I. 12632 (Watson et ah, 1960). The former has followed the pattern of Festival
since they have the gene Sr9 in common, and Mengavi has been damaged in the field
by a strain 34-2,4 which appears to be the only one so far in the field to which it is

diflacult to

briefly.

isolate strains that

susceptible.

and Hope have figured lai'gely in
Watson and Luig (1961) have
suggested that the classification of the strains of rust in any geographical area is
related to the genes for resistance that have been used by the breeders. With the ever-

The genes

Sr6, Srll, Sr9

and those from

C.I. 12632

the breeding of the rust resistant varieties in Australia.

increasing complexity of the pathogenicity pattern of the strains for varieties with

we have been obliged to modify the system of classification. We have
given the reasons for doing this with leaf rust and they also hold for stem rust and will
An attempt has been made to compromise between a classification
not be repeated.
that takes account of minute variations between different genotypes of the fungus and
in which environment is of extreme importance, and one that is of practical value in
a breeding programme designed to control rust in its multiplicity of strains.
To do
this we have used the varieties of the international series and according to the
conventional procedure have isolated "standard" races 17, 21, 34, 40, 116, 126 and 222,
the reactions of which agree fairly closely with those of the same number listed in the
It is now recognized that these designations are of
latest key (Stakman et al., 1962).
restricted value and this is particularly evident in Table 1 where there are five
components of "standard" race 34 and eight of 21. In separating the components we
have made use of the modified potato-Phytoiihtliora mfestans system as outlined earlier
(Watson & Luig, 1961). The supplementals have been numbered to approximate the
chronological order in which the genes they contain became available in commercial
varieties, hence this arrangement Sr6-1, Srll-2, Sr9-3, C.I. 12632-4, Renown W2346-5 and
Sr8-6.
The gene Sr8, however, although in a differential variety, has not been used
The letters Anz indicate the geographical area from which we have
commercially.
these genes,

collected the material.

So far the system has only been applied

to

material collected in the

extensive sexual and asexual hybridizing investigations (Luig

& Watson,

During
Watson &

field.

1961;

Luig, 1962), we have isolated many strains which are separable both as "standard"
races and their components, but these have not so far been catalogued.

The reactions shown in Table 1 are typical
period which extends from September

survey

sufficiently

low

to

of
to

main

those obtained during the

December.

Temperatures

are

allow the gene Sr6 to be operative against the particular strains.

Considerable testing was carried out over

many

years before these varieties were

The following information about each of the six
has been accumulated from our own work as well as from that of others and in

selected to serve as supplementals.

presented in order.

W 2088

—

(Brd).
The first stem rust resistant variety to be widely
was Eureka. It was developed from the cross Kenya
743
(C6040) X Florence x Dundee (Macindoe, 1941). The genetic nature of the resistance
was not known at the time of release, but in 1945 Watson and Waterhouse reported that
it was genetically different from the two previous resistances that had been found in
1.

McMurachy

cultivated in Australia

W

BY

I.

WATSON AND

A.
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W

745 (C6042). Intercrosses between other varieties
Kenya W 744 (C6041) and Kenya
743 suggested that the gene present in the latter was common among
and Kenya
wheat varieties (Watson and Waterhouse, 1949). Athwal and Watson (1954) designated
this gene Ka^ and Pugsley (1956) found it to be in a number of lines extracted from

W

the International Rust Nursery.

Subsequently Knott and Anderson (1956) and Knott

(1962) assigned the symbol Sr6 to this gene and classified a number of varieties from
Kenya in which it was present either alone or in combination. A list of these varieties

with Sr6 is given in Table 2 and McMurachy is among this group. Work done both in
Canada and Australia has shown that the gene Ka^ and Sr6 are the same (Green et ah,
1960). Peterson and Campbell (1953) have placed the gene on chromosome XX.
Tabie

1.

Reaction of Six Supplemental Differentials to Stem Rust Strains in the Australia-N eic Zealand Area.

Previous Designations.
Strain

McMurachy
W2088

W1373

W2402

C.I.12632

Renown

W2401

Sr6.

sni.

Sr9.

W1656.

W2346.

Sr8.

Yalta

17-Anz-2
17-Anz-1,2

Rl
5

21-Anz-O
21-Anz-2
21-Anz-5

R
R
R

R

21-Anz-1,2^
21-Anz-2,3
21-Anz-2,5
21-Anz-2,6
21-Anz-1,2,3

5

S

R
R
R
R

.S'

S

R
R

R
S

R
S

s
s
S

R
R
S

R
R
R
R
R
R

R
R

R
R

R
R
R

Waterhouse

Watson

1952.

1958, 1960.

R
R
R
R
R
R

21-1
21-2
21-4

R
R

S

21-3

R

S

R
R
R
R

R

S

R
R
R

S

R
R
S

R

34-Anz-2
34-Anz-6
34-Anz-l,2
34-Anz-2,4
34-Anz-2,5

R
R

s

S

R
R

s
s
S

R
R
R
R
R

40-Anz-2

R

.S

R

R

R

R

—

116-Anz-2
116-Anz-2,3

R

S
s

R

R
R

R
R

R
R

—

126-Anz-6
126-Anz-1,6
126-Anz-2,6

R

R
R
S

R
R
R

S
S
s

126

R

R
R
R

R

,S

222-Anz-6
222-Anz-2,6

R
R

R

222-Anz-l,2,6
222-Anz-l, 2,4,6

S
S

S
s

R
R
R
R

S
S
S
s

222AA
222AB
222BB

R

R

.S

S

R
R
R
R

R

R

R
R
R
.S'

34-2

S

^

R = Resistance.

'

21-Anz-1,2 was designated previously 21-7 (Watson and Cass-Sniith, 1962).

-S'

et al.

34^3

126B

—

—

—
_
—
126-1
126-2
126-3

222-1
222-2
222-3
222-4

= Susceptibility.

The gene Sr6 is very markedly affected by temperature changes. This was first
demonstrated in Canada by Newton, Johnson and Peturson (1940), and R.L.1373
(W1304), a variety from Kenya that was used, has the gene Sr6 (Table 2). Under
Australian conditions from 1938 until 1954 the effect of temperature on the reaction of
varieties with Sr6 was not important in the field since the crop normally ripened before
high temperature rendered the gene ineffective. However, following the occurrence in
1954 of strain 21-0 and in 1956 of 21-2, it was observed that Eureka was being damaged
in the field if maturity was delayed following late sowings. The reasons for the change
were clear when seedlings were inoculated in the glasshouse with strains 126-6, 126-1,6,
21-0 and 21-2 and scored for reaction type. At average temperatures of 60° F strain

;
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Table
Wheat

W

1224
Bokveld
Bowie C.I.13146

C.12080
Texas 3708/22,

W 2872

Sel. 131

Source of
Sr6 Gene.

Sister strain to

Bowie

W 1325
Eui-ga W 2032
E.W.G. W 1818
Erisco W 1411

W 1311, P.I.134044, C12502

Kentana 48
Kentana 52

C.I.12921

Eureka

C.12503,

Kenya C9906
Kenya C9906
Kenya C6040

Watson, 1955
Luig and Watson, 1961
Johnson and Green, 1957
Macindoe, 1941

Eureka
Eureka

Pugsley, 1952

W

Kenya C6040
Kenya C9906

Macindoe and Brown, 1958

Kentana 48

Red Egyptian

Knott and Shen, 1961
Pugsley, 1956
Knott and

W

A.8

Anderson, 1956
Pugsley, 1956
Knott, 1962
Pugsley, 1956
Pugsley, 1956

2693,

A.8

Knott

from Kentana 48
1487. Il.L.1-34-4, E144 (India),
;

Watson, 1955

Sel.

C.I.12471

Kenya 112A
Kenya 117A C.I.12568
Kenya 117.1.5.r(L)

Kenya

122 D.I.T.(L)

Kenya 130.B.6.B

Reference

R.L.1534

C.I.13085

Kenya 58 F(L)1

2.

Varieties Probably with the Gene Sr6.

Synonyms.

Variety or Genotype.

VAR. TRITICI,

R.L.1-35-4
R.L.1-49-64
P.I.124742, C10861,
1482,
1465,
R.L.1377, R.L.1-40-40, Minn.

W

W 1304, R.L.1373, Minn.
W 1478, C.I.12186
P.I.117775, C10866,

W 1473,

;

;

and

Shen,
1961
1956
Watson
and Waterhouse, 1949
Pugsley, 1956
Pugsley,

W 1472, R.F.321,

P.I.118904,

Borlaug, 1957

;

R.L.1358,

R.L.I/4044

Kenya 223
Kenya ]Sr.B.263J(L)

P.I.117526, C9968,

W 1458,

Kenya 112

Kenya

291J.1.I.1

Kenya 318 A.J.4.A.1
Kenya B.F.324

P.I. 177172,

W 1350,

Kenya Ploughman,

R.L.1-48-41
C.I.12881

Calif.

337.V.3.A.2
337.V.3.B.1
341.E.1.A.1
341.F.2.D.1

341.F.2.D.2

P.I.177183

344.T.4.C.1.C

350.AD.9.C.2

W
W

N.B.F6.K2.

G6.A.9(L)

K.291 or
K.291 or
K.291 or
K.291 or
Eureka
Eureka
Eureka
Eureka

K.223
K.223
K.223
K.223

Kenya 291
Kenya 291

344.T.4.C.1.A

350 AJ.3.C.1
350.CZ.B.2
1034
1037

;

W 1456,

337.V.3.A.1

341.0.2.B.1

;

No. 3098, P.I.168699

337.V.1.B.1

Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya

Kenya 58 F(L)1
Kenya 112

R.L.1387, C9906, P.I.118896,
P.I.117768, C.I.12882,

Knott, 1962
Pugsley, 1956
Knott and
Shen, 1961
Pugsley, 1956
Knott, 19576
Knott and Shen, 1961
Pugsley, 1956
Knott, 1957
;

R.L.1356, CaUf. 3098

P.I.177185

K.223
K.223
K.223

Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,

1962
1962
1962
1962
1962
1962
1962

Knott and Shen, 1961
Knott,
Knott,
Knott,
Knott,
Knott,

1962
1962
19576
1962
1962

Watson and Waterhouse, 1949
Watson and Waterhouse, 1949

W 743,

C6040, K2, P.I.124736,
R.L.1513, P.I.103539

Knott, 1962

Kenya A.8

Pugsley, 1956

;

Knott, 1962
Borlaug, 1957

Iierma 50

C.I.12981

Kentana 48

Marquis BC-Line

W2400

Kenya 58

Green et al., 1960
Sunderman, 1961
Knott and Anderson, 1956;

Eureka

Macindoe and Brown, 1958

Mayo

54

McMurachy

W 1488

C.I.11876, R.L.1313, C.12451

Pugsley, 1956

Moora
Negroz 11-45
No. 43
No. 466-4-M-M-M

P.I.159106-1C, C.I.170915

Pugsley, 1957
Pugsley, 1957

P.I.159098

Knott and Shen, 1961

Kenya N.B.

Onas 52

;

Knott, 1957

Pugsley, 1957

263J(L)

Hed Egyptian

Knott and Anderson, 1956

C.I.12345

JRed Egyptian type

P.I. 170910

Selkirk

C.I.13100

Stockade

Sweden

W 1230
W
W

2871
Travis
"White Federation 45
1746
"Wongoondy

Knott, 1957

McMurachy

Green

Eureka

Hore and Sims, 1963
Watson and Waterhouse, 1949

Eureka

Pugsley, 1952

C12266

et al.,

1960

Macindoe and Brown, 1958
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126-6 failed to sporulate, producing only tiny flecks; strains 21-0 and 21-2 on the other
hand produced "1+" reactions.
As the temperature increased the onset of complete
susceptibility came at a lower temperature with 21-0 and 21-2 than with 126-6. These
results on seedlings were correlated with similar results on adult plants in the field.
Differences in the temperature relationships of the strains on homozygous materia!
in differences in the dominance relationship of the Sr6 gene.
It was

is also reflected

shown by Luig (1961) that the

Ft seedlings of the cross Federation x Eureka gave a
";" reaction to strain 126-6 at 60-65° F, but "X" to 21-2 at the same temperature. At
75-80° F the F, seedlings give "X" to 126-6, but "3+" to 21-2. The same gene has been

found to control the reaction to these two strains. Knott and Anderson (1956) found
Sr6 was dominant when resistance to "standard" race 56 was tested, but recessive
when the inoculations were made with "standard" race 15 (B). It is not stated whether
these differences from the Canadian rusts are reflected in a differential response in
homozygous material with Sr6 at varying temperatures such as we have found with

and 21-2.
The value of the gene Sr6

strains 126-6

in a

supplemental differential

is

now

well established

and results of others suggest it is useful elsewhere, although
it is not always easy to determine which particular gene is operating in unknown;
material. In Canada. Johnson and co-workers (1956, 1957) found Sr6 could be used to
split components of "standard" race 87.
Peturson et al. (1960) used this gene to split
"standard" races 48 and 56 and Green and Samborski (1961) used it for the same
purpose on "standard" races 11, 15 and 29. In the United States it would be expected
that the gene would also serve as in Canada for the subdivision of "standard" races,
and this appears to be the case from the work of Stakman et al. (1962).
in this geographical area

is also useful for the more detailed classification of strains of rust as
present in the variety E144 which separates the components of "standard" race 42

In India Sr6
it is

(Uppal and Gokhale, 1947).

W 1373 ((Kenya CBOJ/B
W 745 (C6042) was

x Dundee).— The selection from Kenya
-'t)
introduced into New South Wales more than 30
years ago and was used extensively by Macindoe and Waterhouse in the breeding of
stem rust resistant varieties. Charter, Kendee and Yalta each derived their resistance
from this introduction (Macindoe and Brown, 1958). A study of the genetic nature of
this resistance was reported by Watson (1943), and it was found that the same gene
2.

Yalta

x Pusa

accessioned as

conditioned resistance to many "standard" races in the United States as well as to
"standard" race 15 from Japan. In extensive crosses Watson and Waterhouse (1949)

Kenya and also in Gabo, a
Subsequent work of a pathological
nature, in which many varieties have been tested with strains carrying known genes
for virulence, suggests that this gene is common among other varieties of T. durum
which were introduced to Australia from Greece and Egypt about 1930. Athwal and
Watson (1954) listed this gene as Kcj.
The genetic nature of the resistance of this group of varieties and particularly of
Gabo has been confused for some time. At least part of the confusion has resulted from
the naming of the variety Timstein which was believed to have come from a cross
involving Steinwedel and T. timopheevi, but which is in fact a sib of Gabo (Watson and
Stewart, 1956; Knott and Anderson, 1956). These authors showed quite independently
that Gabo, Timstein and Lee all had the same type of resistance and presumably it had
come from Gaza. Earlier, Sears and Rodenhiser (1948) had shown that Timstein had
two dominant complementary genes linked on chromosome X. A similar conclusion was
reached by Plessers (1954), and Knott and Anderson (1956) subsequently assigned the
symbols Srll and Srl2 to these two genes. These results for Gabo and Timstein had
been obtained using Chinese Spring as the susceptible parent.
Work in Australia
(Athwal, 1953) and in the United States (Macindoe, 1941) had shown that when Gabo
was crossed with certain other varieties as susceptible parents a single gene for
resistance to several "standard" races operated.
found this gene

to

be present in other varieties from

derivative of Gaza, a variety of Triticum durum.
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Two groups of independent workers (Luig, 1960; Sears and Loegering, 1961) have
now suggested that a distortion of the ratios occurs in the Timstein and Gabo crosses.
Luig, on the one hand, considers that differential transmission of gametes is involved,
while Sears and Loegering invoke a killer gene which they suggest is responsible for
the removal of certain gametes.
distortion there

As pointed out

is

It would appear that whatever the basal cause of
agreement that a single gene is concerned in this type of resistance.

earlier,

we regard

this as Srll.

Srll was probably first recognized as a useful supplemental gene in the United
States (Watson, 1943). Whereas collections of "standard" race 15 from Japan and the
United States were avii'ulent on Kenya
745, the gene responsible for giving this
protection was ineffective against a collection from Brazil which was subsequently

W

labelled

15B (Loegering and Stakman, 1942).

However,

was not

until 1948 that this gene proved useful in Australia,

and that
was collected at Lawes. Queensland. Isolates
from the original material showed that two components made up the collection. These
were listed as 222AB and 222BB (Waterhouse, 1952). This was the first occasion on
which a rust virulent on varieties with the gene Srll had been found in Australia.
Despite the widespread cultivation of Gabo and other varieties with Srll there had been

was when

a

it

new

strain of rust on Yalta

adequate protection until 1948.
In Australia the following commercial varieties have Srll as a source of their

Gabo, Charter, Yalta, Kendee, Saga, Winglen, Heron, Javelin 48, Mengavi
49.
For stem rust strains to be capable of surviving in the areas where
these are grown it is essential that they have the virulence factors enabling sporulation

resistance:

and Insignia
to occur.

On

The gene Srll under these circumstances becomes important

the North American

continent limited use has been

made

of

in differentiation.

Srll in breeding,

and Lee (Hope x Timstein) is the main commercial variety in which it is present.
Such restricted use has removed the necessity for the fungus to have virulence on
varieties with Srll as an essential character for survival.
By contrast, in Table 1 it
will be seen that the situation in this geographical area with regard to pathogenicity
on varieties with this gene is very different. In Australia all the "standard" races found
in recent times, viz., 17, 21, 34, 40, 116, 126 and 222, have at least one component which
In North America by contrast "standard" races 15 and possibly 29
is virulent on Yalta.
are the only ones listed having virulence on Lee (Peturson et al., 1960). Stakman et al.
(1962) also listed "standard" race 15, but say "there now are indications that Lee may
be susceptible to one or more isolates of another race also".

What

evidence there

a matter of selection.

is

suggests that the difference in the two continents

Watson

(1957) found

it

is

only

relatively easy at St. Paul, Minnesota, to

select for virulence on Lee in a unique orange culture NR-1 to which Lee was resistant.
This virulence on Lee which is still a basic character of the orange culture NR-2 has
been transmitted by asexual recombination with red "standard" race 111 to other red
strains (Watson and Luig, 1958). In similar unpublished work by one of us (I.A.W.)
at St. Paul, one asexual recombinant was found having virulence on Lee but otherwise
Increased virulence on Lee was
conforming to the reactions of "standard" race 21.
also obtained by selection in a grey brown culture at St. Paul (Watson, 1957), and this
has recently been confirmed at the University of Sydney with a similar culture selected
over nine generations. These experiments suggest that asexual variation could account
for virulence on varieties with Srll provided the medium was available which would
effectively screen the variants.

India the widely distributed strain 42B
It differs from "standard" race
attacks other sources of resistance like Sr6 and
"standard" race 15, and Singh (1962) found that
least two types on the basis of their virulence
Unless monogenic material is available for study
In

Gokhale (1947).

was

first

discovered by Uppal and

42 by its reaction on Yalta, but also

Khapli.
Gokhale (1950) subdivided
"standard" race 34 also comprised at
presumably for varieties with Srll.
it is not always easy to decide what
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the genetic basis of the resistance that is operating, but it would appear from the
Indian results that Srll is involved.
The presence of Srll can be readily detected in many varieties using pathological
tests with carefully selected strains. It will be apparent from Table 3 that it has been
transferred from either
745 (C6042) or from Gabo to several commercial varieties in
Australia.
Knott by contrast (1962) has been able to find Srll in only one variety,
Kenya Farmer, among those from Kenya that he has analysed.
is

W

Table
Wheat

W
W
Charter W 1371
Claymore W 2540
Dirk 48 W 2837
Dundee 48 W 1994
Eurga W2032
E.W.G W 1818
Gabo W 1422
Gaza W 277
Heron
JaveUn 48 W 1993
Insignia 48
Insignia 49 W 2022
Kendee W 1405

Bencubbin 48
1992
Broughton
2355

Source of

Synonyms.

Variety or Genotype.

Selection

3.

Varieties Probably with the Gene Srll.

Gabo
Gabo
Kenya C6042
Gabo Gabo
Gabo
Gabo
Gabo

from Gabo

C.I.12616, P.I.140959
Insignia 49

^^

Gabo
Gabo
Gabo
Kenya C6042

W1483, R.L.1873

Eienya 338.AA.1.A.2
Kenya 338.AC.2.E.2

P.I.177180

Kenya Farmer,

Macindoe and Brown, 1958
Macindoe and Brown, 1958
Macindoe, 1941

Macindoe and Brown, 1958
Macindoe and Brown, 1958
Macindoe and Brown, 1958
Watson, 1955
Pugsley, 1952

Macindoe, 1941

Gaza

C.I.12795, E.569 (India)

Kenya 112-E-19-J(L)

Reference.

Srll Gene.

Watson and Waterhouse, 1949
Macindoe and Brown, 1958
Macindoe and Brown, 1958
Macindoe and Brown, 1958
Macindoe and Brown, 1958
Watson and Waterhouse, 1949
Watson and Luig, 1961
Hayden, 1956
Hayden, 1956

C.I. 12880.

;

Pugsley, 1956

P.I.187165, R.L. 1-49-89

Kenya
Kenya
Kenya
Kenya
Koda

W 745, C6042
W 1035

W 1049
W 1053
W 2024

Lee C.I.12488

W
W
W

Rapier 48
1995
Rhodesian
1229
Ridley 48
1998
Sabre
2856

W
Saga W 2031
Scimitar 48 W 1999
Seewari 48 W 1996
Timstein C.I.12347
Winglen W 2855
Yalta W 1373

G. 304-461(0),

Kenya Standard,

Watson, 1941

B286

Watson and Waterhouse, 1949
Watson and Waterhouse, 1949
Watson and Waterhouse, 1949

R.L.I/35-2

Gabo or Kenya
C6042
Gaza

W 2084

Gabo
C.12272

Gabo
Gabo

or

Kenya

C6042
Gaza

Gabo
Gabo
R.L.2500,

W2006

Gaza

Kenya C6042
Kenya C6042

Watson, 1958

Watson and Stewart, 1956
Macindoe and Brown, 1958
Watson and Waterhouse, 1949
Macindoe and Brown, 1958
Macindoe and Browii, 1958
Macindoe and Brown. 1958
Macindoe and Brown, 1958
Macindoe and Brown, 1958
Watson and Stewart, 1956
Macindoe and Brown, 1958
Watson and Waterhouse, 1949

—

W 2402

(Kenya 111 A x Marquis''; Green et al., 1960^. The Australian commercial
744 (C6041)
Dowerin and Moora owe their resistance to Kenya
(Macindoe and Brown, 1958). This latter variety was introduced from Kenya about
1930 and was studied in detail by Watson (1943) and found to have a gene for resistance
independent of that present in Kenya
745 (C6042).
The resistance was readily
distinguishable from that of Kenya
743 (Sr6) and Kenya
745 (Srll) when
seedlings of all three were inoculated individually with the same avirulent strain of
rust.
Under glasshouse conditions, Kenya
744 seedlings produce a S"" reaction and
for this reason, in the early stages when Sr6 and Srll were so much more effective,
they took precedence in the breeding programme.
Studies by Athwal and Watson (1954) showed that in Kenya
744 and Kenya 117A
1347 allelic genes were involved in giving resistance to the stem rust in Australia
3.

W

varieties Festival,

W
W

W

W

W

W

8

THE CLASSIFICATION OF PUCCINIA GKAMINIS

244

VAR. TRITTCI,

They designated the single gene Kbj. In subsequent studies with Kenya
Knott and Anderson (1956) found three genes, one of which they listed
Sears et al. (1957) later placed Sr9 on chromosome XIII. Varieties having the

at that time.

117A

C.I. 13140

as Sr9.

gene Sr9 are listed in Table

4.

In a comparison of the reaction of various isogenic lines in Canada and Australia,
Green et al. (1960) have shown that a line with Sr9 from Red Egyptian reacts
Table
Wheat

4.

Varieties Probably with the Gene Sr9.
Sourr.R of

Synonyms.

Variety or Genotype.

W

1745
Dowerin
Egypt ]Sr.A.965
Egypt N.A.95

D.I.V.236,

Kenya

P.I.153780,

A.3,

W 1726
Gamenya W 2550
Kenora W 2516
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya

Macindoe and Brown, 1958
Watson and Waterhouse, 1949
Knott and Anderson, 1956

Kenya C6041

Macindoe and Brown, 1958
Knott and Shen, 1961

C.I.12894,

Ux9M.l

Festival

Frontana

Kenya C6041

W 1228

C12095,

R.L.2336, C.I.12470

Kenya 117A
Kenya C6041

K.192
K.279
K.279
K.279
K.279
K.192
K.294
K.294
K.294
K.184

1962
1962
1962
1962
1962
1962
1962
1962
1962
1962
1962

or B.286

K.73

Kenya
Kenya

321.B.T.1.B.1

P.I.177179

K.68
K.68
K.68
K.130
K.117
K.117
K.117
K.117

Settler
Settler

321.A.0.1.C.3

334.AD.1.D.1
334.A.D.1.D.3
338.AA.1.A.2
338.AC.2.E2

P.I.177180

Kenya Farmer,

P.I.187165,

Knott,
Knott,
Knott,
Knott,

Knott

(India)

294.B.2.A.3

1960

Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,

B256
A.8
K.2

261.S.10.C.2.D

al.,

K.192

B.286

279
294.A.N.5.B.3

et

Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,
Knott,

K.2

E581

Watson

Macindoe and Brown, 195&
1962
1962
1962
1962
and Anderson, 19561962
1962
1962
1962
1962
1962
1962
1962
1962
1962
19576, 1962
1962
1962
1962
1962
1957
Pugsley, 1956:

A.

68
73
117A, C.I.13140
130
184.P.2.A.1.E
192
B256.9.1.49.164
261.R.7.C.1.B
261.R.7.C.2.B

Reference.

Sr9 Gene.

;

C.I.12880, R.L.1-49-89

Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya
Kenya

338.A0.2.C.5
339
344.AD.1.B.1
344.AD.1.D.2
344.AD.3.D.2
344.AD.3.B.1
356
357
358
360
367

W 744

C6041
Standard B.286

P.I.124738,

Magnif G
Marquis BO Line

or K.184
or K.184
or K.184
or K.184

Athwal and Watson, 1954

W 2068,

Knott, 19576

P.I.92473

Knott and Shen, 1961

P.I.197663

W2402

Kenya 117A
Kenya C6041

P.I.60599

Green et al., 1960
Macindoe and Brown,
Knott and Slien, 1961
Knott and Shen, 1961

Red Egyptian Type

Knott, 1957

Moora
No. 466

1958-

P.I.170910

Red Egyptian

Knott and Anderson,

R.L.2061

C.I.12345

W

Rio Negro
1788
P.I.168687
Simpson Rongai 1-49-157
Simpson Rongai 1-49-15S
Simpson Rongai 1-49-156
1

Veadeiro P.I.192475

C.I.12469,

E952

(India)

Knott and Shen, 1961
Knott,
Knott,
Knott,
Knott,

1962
1962
1962
1957

1956>
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from one with Sr9 from Kenya 117A when these are tested with either
Canadian or Australian strains of stem rust. It has been suggested therefore that the
gene from Red Egyptian be designated Sr9a and that from Kenya 117A Sr9b. Under
these circumstances the gene Kb^ of Athwal and Watson (1954) is probably Sr9b.
differently

Festival was released in 1950 and gained in popularity among farmers. For a few
years no virulent strains of rust were found on it and there appeared a possibility that
the gene Sr9 was affected less than other genes by changes in pathogenicity of the
fungus. Hence, in 1958 Gamenya, also with Sr9 but with a more desirable quality and

higher yield, was made available for commercial production (Watson et al., 1960).
The area sown to Festival in Queensland had increased to 43-2 per cent of the total
during 1960-61, and from observations made by Mr. J. Bligh and from material he sent
Table

Summary

of the

Number

5.

of Isolations of the various Strains grouped according to their Origin, in the Years 1952-1963.

State where Collected.
rw^

Strain
Q'ld.

Vic.

S.A.

—
—

—
—
31

—
—
—
—
—
—
—
11

151

4

17-Anz-1,2

3

—

421
1204
184

27
218
79

65
83
2

1

73
273

5

1

4

118

1

21-Anz-1,2
21-Aiiz-2,3

21-Anz-2,5
21-Anz-2,6
21-Anz-1,2.3

1

—

—
—
18
—

397

23

1

—
113
—
—

6

116-Anz-2,3

19

8

126-Anz-6
126-Anz-1,6
126-Anz-2,6

156
24
73

17

41

34-Anz-O
34-Anz-2
34-Anz-4
34-Anz-l,2
34-Anz-2,4
34-Anz-2,5

40-Anz-2
116-Anz-2

222-AI1Z-6

222-Anz-2,6
222-Anz-l,2,6
222-Anz-l,2,4,6
Total

86

10
219
3
2

—

76

—
—
—
—
—

1

—
—
—
10
—
—
—
—
—
—
—

3

1

2

W.A.

—
—
—
303
—
66
—
—
—
—
—
—
—
—
—
—
—
—
—

17-Anz-2

21-Anz-O
21-Anz-2
21-Anz-5

.

1

lotai.

N.S.W.

16

3

10

—

9

2

7

14

—

137

33

12

57

8

1

—

3370

683

15

Tas.

—
—
29
49
8

—
—
—
—
1

1

7
1

—
—
—
—
—
—
11
7

A.C.T.

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
2
—
—
—
1

N.Z.

—
29
92
28

—
6
—
—
1

7

—
—
—
—
—
—
—
7

2

—

—
—

—

233

151

584

118

5

178

1

3

1

1
1

4

105

459

—
—
—
—
—

4

7

7

—
—
—

2

602
2026
302
149
399

6

—
49
—
—
—

3

5
3

3

10

332
3
2

2
27

396
61
94
66
187
70
1

5322

examination it was clear that, as the gene Sr9 became exposed to rust over larger
it offered no more lasting protection against rust than the two genes Sr6 and Srll
used previously. The two strains attacking varieties with Sr9 have both been isolated
first in Queensland, but each has moved south and both have now been found on
Gamenya in New Zealand (Table 5).
Since the variety Kenya 117A
1347, which was the source of the gene Sr9b, has
other genes giving some resistance to the Australian rusts (Luig, 1961) the Marquis
line
2402 developed by Knott (Green et al., 1960) is used in the survey work. Under
field conditions to strains such as 21-2,
2402 is much more susceptible than Kenya
117A and this is presumably on account of the broader genetic base of the latter which
is concerned in rust resistance.
for

areas

W

W

W

From the literature it appears that neither Sr9a nor Sr9b has been as useful as
Sr6 and Srll in the subdivision of "standard" races. Green et al. (1960) have listed
reaction types which show that either Sr9a or Sr9b or both are useful in separating
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the components of "standard" races 11, 15, 29, 32 and 87, but little use appears to have
been made of these genes in supplementals apart from what has been done in Australia.

W

1656 {C.I.12632: (III. I x Chinese Spring)^ x T. timopheevi; Allard & Shands,
4.
Triticum timopheevi has been found to be higlily resistant to stem rust in
1954J
Australia as elsewhere and Allard and Shands (1954) transferred some of the resistance
by backcrossing to derive the line C.I.12632. The latter is an attractive 42-chromosome
parent which has resistance to many strains of stem rust and carries the Chinese type
of adult plant resistance to leaf rust.

It

was used

as the source of resistance to stem

rust in the breeding of Mengavi (Watson et al., 1960). In May, 1959, a year after the
release of Mengavi, a single pustule was found on it at Brookstead, Queensland, by
Mr. J. E. Bligh. From this the important strain 34-2,4 was isolated and, although it

was not recovered from the field for another eighteen months, it built up at the end of
1961, oversummered in quantity and damaged Mengavi crops in Queensland in 1962-63.
So far this strain is the only one in the field known to attack Mengavi.
The genetic system governing the resistance of T. timopheevi derivatives is not yet
completely understood. Allard and Shands (1954), in the original work, found that in
C.I. 12633, a selection related to C.I.12632, the resistance to stem rust was controlled by
duplicate dominant genes linked with a recombination value of 14-8 per cent, and
Nyquist (1957) located these genes on chromosome XIII. Our studies, which are quite
incomplete, show that when Federation is crossed with C.I.12632 and the progeny is
tested with strain 126-1,6 the Fj is resistant and the F, segregates in approximately a
3:1 ratio. However, when Eureka replaces Federation in the cross, both seedlings and
adult Fi plants are susceptible to strain 126-1,6 and the ratio in Fo is different from
that in which Federation is the susceptible parent. Pugsley (1959) has suggested that
this type of result on F^ plants may be a specific test for Sr6.

In more recent work Nyquist (1962) has found that when C.I. 12633 is crossed with
various susceptible varieties the percentage of susceptible plants in Fo ranged from
26-6 to 7-1, and he proposed differential fertilization as a major cause of these variations.
Regardless of whether one or more genes in C.I.12632 condition resistance to strains
other than 34-2,4 it is quite clear that the complete resistance of the original species

timopheevi has not been transferred. During 1962-63 when several hundred collecMengavi were examined, all attacked C.I.12632, but from approximately
150 which were placed on seedlings of T. timopheevi not a single susceptible pustule
was found on this species. Similar results have been found in North America where
"standard" race 15 attacks C.I. 12633 but not T. timopheevi. Certain strains, however,
occur in the United States which are virulent on this species; in fact it can be used
there as a supplemental to separate into components "standard" races 11, 15 and 29
T.

tions of rust on

(Stakman

et al.,

1962).

Apart from the North American and Australian continents the resistance of
C.I.12632 and C.I. 12633 is also useful in Africa for subdividing "standard" races of stem
rust.
Guthrie (personal communication) reports that of six components of "standard"
race 40 one is virulent on the above two derivatives of T. timopheevi.

W

—

5. Renoton
2346 fH-44 x Reward). The adult plant type of resistance that has
been used generally by wheat breeders originates from H-44 and Hope. The latter has
been incorporated by Australian workers into the pedigree of Hofed, Warigo, Panther,
Glenwari, Gala and Lawrence (Macindoe and Brown, 1958). For many years all were
highly resistant to stem rust as adult plants but susceptible as seedlings to the prevalent
strains. Seedling selections made in the glasshouse were of no use, but, during the years

1927 to 1941 at the Universities of Sydney and Adelaide, selection work in the field was
to get resistance to strain 126-6 which was by far the most prevalent at the
time. The undertaking was highly successful, and from the Sydney programme Hofed

aimed

was developed while Warigo, Glenwari and Panther were evolved at Adelaide (Macindoe
and Brown, 1958).
The status of the seedling and adult plant reactions of Hope and Hope derivatives
was drastically affected following the isolation of strain 21-0 in 1954. An additional

"
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mechanism operated against

these strains to confer resistance on seedlings as
Moreover, it was found that the variety Spica (Three Seas x
Kamburico) x (Pusa 4 x Flora) which in 1954 was the leading variety in Queensland
was reacting in a way identical with Hope and the Hope derivatives when seedlings
were inoculated with strains 126-6 and 21-0. As the leaf rust reaction of Spica parallels
that of Renown
2346 (Watson and Luig, 1961) the pedigree as listed by Macindoe
and Brown (1958) is called into question. Evidence from both the leaf rust and the
stem, rust reactions suggests that either H-44 or Hope has entered into its pedigree.
This has considerable significance as will be shown later.
During the 1955-6 epidemic which was caused mainly by strain 21-0 (Watson,
1958) Glenwari showed outstanding resistance and this feature was responsible for its
rapid gain in popularity in subsequent years. It was, however, developed for cultivation

genetic

well as on adult plants.

W

Table

Summary

of the

Strain

17-Anz-2..
17-Anz-1,2
21-Anz-O..
21-Anz-2..
21-AUZ-5..
21-Anz-1,2
21-Anz-2,3
21-Auz-2,5
21-Anz-2,6
21-Anz-1,2,3
34-Anz-O..

34-Anz-2

.

.

.

.

34-A1IZ-4..

34-Anz-l,2
34-Aliz-2,4

34-Anz-2,5
40-Anz-2..
116-Anz-2..
116-Anz-2,3
126-Anz-6..
126-Anz-1,6
126-Anz-2,6
222-Anz-6..

Total
*

.

.

6.

of Isolations of the various Strains grouped according

to the

Year of

Collection.

1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
42
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—
—

—
—

—
—

—
—

—
—

—
—

—
—

—

3
3

3

19

22

68

7

10

8

85

464
41

373
34

390
115
15
156

166
112
134
239

602
2026
302
149
399

5

7

1

1

1

4

33

72

—
—
31
—
1
—

—
—

105

114

459

10

299

10
332

3

3

1

2

2

2

10

17

49
22

14

32

116

84

7

1

14

8

—

27
396
61
94
66
187
70

315

417

317

5

4

11

10

14

28

4

9

4

86
40

—

86

44

74

192
64

—

5

—

—
—
—
—

1

—
—

—

234

—
—
—
—
—
—
—
—
—
—
—
—
—
—
15
—
35
—
—
—

1

—

222-Aiiz-2,6

222-Anz-l,2.6
222-Anz-l,2,4,6

Number

—
—
—
—
—
—
—
—
—
—
—
—
39

39
13

2

9

"

—
—
—
—
—
—
—
2
—
—
—
—
—
—
—

484

4

12

—
—

—
—
—

—
—
—

—
4
—
—
—
37
—
—
—
—
—
—
12
—
—
3
—
—
—

114

584

774

472

—
3
—
1

—
—
—
—
—
—
1

43
1

—
—
—
—
—
—
5

—
—
—
—
—
—
106
—
—
—
—
—
—
56
—
1

5

2

11

36

1

2

2

7

157

2
2

—
—
—
—
—
934

1963* Total.

—
2
—
—
—
—
—

5

7

3

1

1191 5322

Incomplete.

damage and consequently was not exposed
by mutants and asexual recombinants which could be expected to occur
under epidemic conditions in northern New South Wales and Queensland. It is known
from the survey work in Queensland that in 1954-5 strain 21-0 was collected from
three locations, from seven locations in 1955-6 and also from seven in 1956-7, but there
was no evidence that Spica was susceptible although seedlings were not tested with
field collections.
However, during the 1957-8 survey period Mr. .1. Bligh forwarded
Examination of this material showed that it was
Spica damaged by stem rust.
avirulent on varieties with Sr6, Sr9 and Srll, but seedlings of Spica, H-44 and Hope
P"'rom surveys conducted in New South Wales it was
derivatives were susceptible.
in the southern areas not so liable to rust
to

infection

apparent that this strain also occurred on adult plants of Glenwari.
It is apparent from Table 6 that the prevalence of strain 21-0 has declined over the
country as a whole, and in Queensland it has not been recovered in the last three
However, the Spica attacking strain 21-5 has become more abundant and is
years.
aided by the cultivation of Gala (Gabo x Lawrence) as well as Spica. During 1961-62
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strain oversummered commonly and late sown crops of Spica suffered damage
which was almost entirely due to strain 21-5. Despite the susceptibility of adult plants
of Spica to this strain the variety is not normally damaged by stem rust.
The early
maturity and possibly a degree of tolerance enable it to escape in most years.
this

,

It has been pointed out previously (Watson, 1958) that strains of rust lacking the
gene for virulence on varieties with Srll liave difficulty in surviving in the northern
areas of the eastern wheat belt where this gene has been responsible for the main
protection against rust. However, since this gene has become ineffective, farmers have
sought genetic diversity and have grown Glenwari, Gala and Spica in close proximity
Mutants arising on the first three may liave the
to varieties such as Gabo and Koda.
opportunity to spread to the latter two and vice versa.
Although we have not been
able to trace the sequence of events we have collected from Glenwari and varieties with
a similar resistance growing in these areas strains 21-2,5 and 34-2,5 which are able to
attack varieties with Srll or those in whicli tliis gene is combined with that giving

the

Hope type

of resistance.

Although Renown is
1954, such as 126-6 and

listed in

Table

as being resistant to strains occurring before

1

Only those
Spica are susceptible are shown as
virulent on Renown in this table. Such strains are 21-5, 21-2,5 and 34-2,5. So far no
strain having tlie general characteristics of the pre-1954 strains has been found on
adult plants of the Renown group of varieties.
adult plants of Glenwari and

strains to whicli

Studies on the
(1961) have

126-1,6, seedlings are susceptible to these strains.

shown

mode

of inheritance of the resistance in seedlings of Spica

that a single factor

is

involved and that this factor

that concerned in giving resistance to adult plants to the

same

strains.

is

the

The

by Luig

same

as

relation-

ship between tliis resistance and that which protects adult plants against strains to
which their seedlings are susceptible has not been determined. Sears, Loegering and
Rodenhiser (1957) found two chromosomes, VIII and XVII, to confer resistance to one
North American strain each, and the adult plant resistance of Hope was considered to
be the result of interaction of genes on different chromosomes, possibly III and XVII.
Campbell and McGinnis (1958), however, located three dominant, complementary factors
for adult plant resistance to race 56 on chromosomes III, VIII and XIII.

W
(Red Egyptian x Marquis; Green
W 1124, introduced into Australia from Italy, has
6.

et

2.^01

al.,

I960;.

—The

variety Mentana

been a valuable source of resistance
to leaf rust (Watson et al., 1960), but in the breeding for resistance to stem rust in
this country it was not considered as a source of resistance.
All the strains common
in the field prior to 1954 were virulent on Mentana.
However, in 1954-55 a set of
characters new to the Australian rust strains became evident when strain 21-0 was
isolated (Watson, 1961).
Whereas Mentana was susceptible to strains such as 126-6,
126-1,6 and 222-2, it gave a reaction of "2" or "2+" to strain 21-0 and under higher
temperatures of the summer these reactions developed into a "3-'^". In 1954 the above
strain was the only one known to give such a reaction on Mentana, but since that time
Watson (1961) has suggested that other sti'ains have arisen from it, either by mutation
or somatic recombination, so that all post-1954 strains with the exception of 21-2,6 show
the reaction on Mentana characteristic of 21-0. This type of resistance is quite unsatisfactory for protecting adult plants in the field and this variety under an epidemic of
strain 21-2, for example, would be classed as susceptible.

When seedlings of Mentana were found to be resistant to field strains, all collections
were used to inoculate them as a matter of routine. As a result a collection of rust from
liiverell was identified in 1959-60 as 21-2,6.
It gave reactions typical of 21 2, but in
addition it attacked Mentana.
Since 1959-60 it has been isolated on only three
occasions.

et.

Since the Marquis backcross lines became available from Dr. D. R. Knott (Green
1960), each has been investigated as having possibilities for making the

al.,

classification

of

strains

more

precise.

Egyptian, has been found to react to

W 2401,

which has the gene Sr8 from Red
the same way as Mentana. Although

field strains in
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made we have concluded that one of the genes
Montana is Sr8. The latter is known to have a single incompletely dominant gene
which controls the semi-resistant reaction of seedlings to strain 21-2 (Luig, 1961).
This gene was rendered ineffective when an orange culture of strain 21-2 was treated
with ultra-violet rays and three independent mutants were found each attacking
Mentana.
Whereas
2401 was resistant to the parental culture of 21-2, it, lite
Mentana, was susceptible to the mutants.
2401 in preference to
We are using
Mentana since the latter is known to have other sources of resistance which give a very
sharp hypersensitive reaction to certain strains (Luig, 1961; Watson & Luig, 1962).
The gene Sr8 has no significance in commercial varieties in Australia at present and
the appropriate crosses have not been
in

W

it is

W

of limited use in the separation of the components of "standard" races.

North and South America this gene
as shown by the tables in Green et

In both

probably of considerable value in this connection,
cil.
(1960) for "standard" race 32 and by the work
of Rojas (1957) for "standard" race 15 in Peru.
According to Sears et al. (1957) the
gene Sr8 is on chromosome VI.
is

Other Dippekentials being Developed.
In the production of the Marquis backcross lines Knott has made a useful contribution to the simplification of the genotype concerned in stem rust resistance.
However, the background contributed by Marquis itself gives some protection against

and Knott (1962&) has experiments under way to remove
from the background genotype.
To several of the avirulent strains
which we have produced by somatic recombination and selfing (Watson & Luig, 1962,
and unpublished) Marquis shows extreme hypersensitivity and we have found Little
Club to be much more desirable in providing a uniformly susceptible background.
However, it is agronomically quite unsuitable for Australian conditions, being very
late in maturity, and work is in progress to derive earlier maturing lines susceptible
a

number

of "standard" races,

this resistance

to the avirulent strains.

Studies in avirulence of wheat stem rust are coupled with those concerned in
inbreeding rye stem rust (Watson & Luig, 1962?) ) while selecting for virulence on
wheat. To all cultures of rye stem rust we have found Marquis highly resistant and
Material from crosses between wheat
Little Club mostly gives "2" and "2-" reactions.
varieties has been inoculated with this latter fungus and from an Fo population of the
cross (Little Club x (Gabo^ x Charter)) a single plant progeny has been developed.
2691 is earlier maturing than Little Club, is as susceptible as the latter to
This line

W

much more susceptible to rye stem rust
and fully susceptible to those inbreds we have developed by selfing rye rust on barberry
(Watson & Luig, 1962?)). We are now making further selections in
2691 and using it as
the avirulent strains of wheat stem rust, but

W

a recurrent parent with varieties carrying known genes as donors. We anticipate that
such lines will be suitable for the differentiation of strains of both wheat and rye stem
rust.

Stratn Prrvalenc'E in Relation to the Genrttc Constitution op the
Varieties Cultivated.
When comparing the results of the present survey period with those of the
previous ten years recorded by Waterhouse (1952), the most striking feature is the
great diversity of strains among the present-day rust population both on the standard
Obvious changes in the
and the supplemental differential varieties (Tables 5, 6).
strain pattern from 1942 to 1951 had taken place as the products of breeding programmes
began to be utilized commercially. Strain 126-6 was the prevalent one in 1941, and in
1942 the first two isolations were made of the Eureka attacking strain 126-1,6. Throughout the next 5-6 years there was a general tendency for strain 126-1,6 to build up in
prevalence at the expense of 126-6, and this was largely correlated with the increasing
Late in 1948 two
acreage sown to Eureka in the rust liable areas (Watson, 1958).
strains were collected and named 222AB (=222-2,6) and 222BB (=222-1,2,6). These were
both virulent on Gabo and related varieties with Srll, and as these latter were becoming

THE CLASSIFICATION OF PUCCINIA 6RAMIN1S

250

VAR. TRITICI,

medium on which to grow. The
prevalence of strains attacking varieties with Sr6 or Srll was in each instance related
to the varietal acreage pattern (Watson, 1958; Figs 1 and 2).
increasingly popular these strains had a congenial

and most significant change to become evident in the present period
prevalence of rusts having the pathogenicity pattern of "standard"
race 21. The origin of this latter is not known, but it seems to have developed from
the southern part of the country. Waterhouse recorded it from Kosciusko in 1948 and
in 1954-5, when our first isolations were made, it was concentrated in the south of
New South Wales, in Victoria and Tasmania. There is a distinct possibility that it
The first component to be isolated was
had its origin on barberries in Tasmania.
21-0 (Watson, 1955), an aggressive but relatively avirulent strain, and one to which
all six of the supplemental varieties were resistant.
However, either by mutation or
somatic hybridization (Watson and Luig, 1958) there has been a progressive accumulation of abilities in components related to 21-0 and the changes reveal something of the
plasticity of this fungus even when the possibility of sexual hybridization is removed.
Tlie earliest

was the

The

rise

difficulties

in

involved in breeding a rust-resistant variety are plain.

The eight strains of the 21 series have retained many of the basic characters which
first showed up in 1954 to differentiate 21-0 from previously existing strains.
These
characters have been listed previously

(Watson, 1961).

From

the isolations in the

would appear that new pathogenic abilities have been added step by step to
overcome each new barrier the plant breeder has placed in the way of the fungus.
The occurrence of strain 21-2 in the northern areas to overcome the gene Srll lias
already been mentioned. Its origin from somatic hybridization has been demonstrated
in the laboratory (Watson & Luig, 1958). Strain 21-5 was found as a variant attacking
Spica, Glenwari, Gala and Warigo, all varieties which appear to have the same type of

field

it

resistance.

The appearance

of strains virulent

increase in their acreage (Fig. 3).

on varieties with Sr9

is

clearly related to the

Festival increased in acreage from 13-7 per cent in

1955-56 in Queensland to 43-2 per cent in 1960-61 and with the release of Gamenya in
1958 both varieties with Sr9, strain 21-2 the prevalent one was obviously restricted.
Strain 21-2,3 was collected on Festival in 1959 first in the Brookstead area of Queensland and is identical with 21-2 except for the additional ability of virulence on varieties

with Sr9. As seen from Table 6, it comprised about 20 per cent of the inoculum in the
season 1962-3 over the whole country, but was much more concentrated in the areas
where Festival and Gamenya are grown (Table 5). In 1961-62 it did extensive damage
to late sown crops of Festival in Queensland.
Prior to the isolation of strain 21-2,3 testing had been proceeding with selection
from the co-operative work with Mr. E. M. Matheson of the

1131, a line originating

This line closely resembled Festival, but was higher
to have the genes Sr6 and Sr9 combined.
Whereas Festival was rusted during the summer of 1960-61 at "Anchorfield", Brookstead,
Queensland, selection 1131 was resistant. From late maturing plants along the border
of the plot, however, Mr. .1. E. Bligh collected rust which was identified as strain 21-1,2,3.
This was the first case in Australia of a strain attacking varieties with the genes Sr6,
Sr9 and Srll combined. This strain is widespread in New South Wales, but so far has
not developed to epiphytotic proportions. It is the only local strain which is found on
Kenya Farmer.
State Department of Agriculture.

yielding,

more

resistant

and was considered

The origin of strain 21-1,2,3 is not known, but it may be connected with the
almost simultaneous isolation of strain 21-1,2 from northern New South Wales. This
latter is extremely pathogenic on Eureka and similar varieties which in the past were
protected by Sr6.
It had been found as a rare strain in New South Wales, and in
Western Australia it was first recovered in 1961-2 (Watson & Cass-Smith, 1962). In
1962-63 it was the predominant strain in that State devastating crops of Eureka in the
Esperance Bay area (unpublished). The extent of the damage was equivalent to any
suffered by Eureka from strain 126-1,6 in earlier years and illustrates the importance
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evolution of this special pathogenic ability. In the eastern States Eureka receded in
popularity on account of its rust susceptibility from 1946 onwards (Fig. 1).
At the
peak of its production it was sown on 219,295 acres in the northern wheat zones and
occupied 19-2 per cent of the area. By 1955-56 in the same zones this had fallen to

•of

006 of the total. In plots, however, the high yielding
Eureka again became evident as strains virulent on it became very rare
(Watson, 1958). In 1957 and 1958 (Table 6) no strains virulent on Eureka were found
and for all practical purposes it became a resistant variety. Although it was known
that the resistance conditioned by Sr6 could become ineffective at high temperatures, it
was recommended that farmers again sow Eureka, but not in late plantings (WalkdenBrown, 1959).
Following this advice there was an immediate increase in the area
planted and in 1960-61 this represented 111,626 acres or 4-2 per cent of the total
plantings in the north of New South Wales. Although this did not reach the 19-2 per
cent of earlier years it was a sufficient increase to place a severe selection pressure on
the organism, and although later statistics are not available the area probably continued to rise in the two years subsequent to 1960-61.
This increased acreage has
given us the opportunity to search for mutants and asexual recombinants on Eureka
Four strains with virulence on varieties with Sr6 at low as well as high
(Fig. 1).
temperatures have been found as shown in Tables 5 and 6. These are 17-1,2, 21-1,2,
21-1,2,3 and 34-1,2.
The old strain 126-1,6 collected first in 1942 occurs rarely in the
5,641 acres, representing only

ability of

north-western areas of

New

South Wales, but apparently has persisted throughout the

past 20 years.

The Eureka attacking strains of 1962-3 are very unlike those of 1942-3. They each
combine the basic characters of the "standard" race to which they belong and have
certain new characters typical of the post-1954 strains which separate them from
126-1,6.
Strains 21-1,2 and 21-1,2,3 are identical with 21-2 and could have arisen
from it by stepwise mutation. The virulence for Celebration shown by the original
21-0 is retained.
Strain 17-2 appears identical with 21-2 except for its virulence on
Einkorn; 17-1,2 only differs from 17-2 in the ability to attack varieties with Sr6.
Strain 34-2 arose about the same time as 21-2.
as well as Celebration and

It differs

from 21-2 on Reliance

possibly a somatic recombinant with 21-2 as one parent.
However, one strain, 34-1,2, is also virulent on varieties with Sr6 avirulent on Celebrais

and has thus retained the characters of strain 34-2. Hence it would appear that
modern strains have acquired this new ability for virulence on varieties with Sr6
as it was required. It would appear that this has been done quite independently of the
tion

the

Eureka-attacking strains.
Moreover, they have simultaneously inherited,
probably from strain 21-0, genes for aggressiveness which have enabled them to overrun strain 126-1,6 completely in the areas where Eureka has been traditionally grown
previous

for 20 years.
It

has been of considerable interest to find that strains which conform to "standard"
Waterhouse (1929) found race 34

race 34 have been recovered during the survey period.
in the early stages of his investigations.

However,

in 1949

Watson and Waterhouse

reported that the rust that was then prevalent conformed more closely to "standard"
race 126 than to 34. The characters of the former that are clearly recognizable are the
mesothetic reactions on Kubanka and Acme and the avirulence at low temperatures on
All strains of the "standard" race 126 series are
Arnautka, Mindum and Spelmar.
avirulent on Celebration and virulent on Mentana. Those of the 34 series are avirulent
on Celebration but are differentiated on Mentana.

One of the first strains to be isolated which conforrned to "standard" race 34 was
34-2 collected in 1957-58 at Castle Hill and Tamworth. It was thought to be a somatic
hybrid between two strains since it combined the characters of virulence on Reliance
with avirulence on Mentana and Celebration, the latter character being present in the
Strain 34-2 and other strains which conformed to the reactions of
pre-1954 strains.
"standard" race 34 were examined to determine the relationship between them and
strain 126-6. In Table 5 it will be seen that the relatively avirulent strains 34-0 and
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At high temperatures the latter
34-6 have been recovered only from New Zealand.
approximates to 126-6, but at temperatures of 55° to 60° F it is still virulent on Mindum
and does not give a mesothetic reaction on Kubanka and Acme. However, it is avirulent
on Celebration. Strain 34-0 resembles it closely, but is avirulent also on Mentana. We
have been unsuccessful in repeated attempts to locate the type of rust that was
originally described by Waterhouse as "standard" race 34, and it must now be assumed
that

it

does not occur in this geographical area.

Strain 34-2, which in recent years has been prevalent in the field throughout a wide
area of the country, is a member of a group of four strains of the 34 series, all four

Since
being of economic importance. The other three are 34-1,2, 34-2,4 and 34-2,5.
all these have avirulence on Celebration we believe they have arisen from 34-2 as a
parent and have gained virulence on Eureka, C.I. 12632 and Renown respectively.

The circumstances under which

strain

34-2,4

was

first

collected,

as

well as

its

pathogenicity, have suggested to us the mode of origin of this strain. In May, 1959, it
was collected by Mr. J. Bligh on a single culm of Mengavi at Brookstead, Queensland,

adjacent to plants of other material rusted by strain 34-2. It was not collected again for
In October, 1961, it
18 months despite searches over many areas of Mengavi crops.
was collected for the first time in New South Wales. The infected culms with isolated
large pustules were infrequent and occurred in an outside row of Mengavi where reduced
competition had delayed maturity. Some 10-12 inches away was the outside row of a
Contiguous rows of susceptible and
crop of Winglen badly damaged by strain 34-2.
resistant varieties arranged in this
or recombinant strains

and

way

are probably ideal for the isolation of

mutant

this possibly explains the origin of 34-2,4.

Statistics for the acreages sown to Mengavi in New South Wales are not available,
but those for Queensland show a rapid increase in the area sown with this variety
(Fig. 5), and we estimate that the combined area was approximately one million acres
from the seed produced originally on a row of 50 plants sown in January, 1958. During
the years of multiplication the strain 34-2,4 also increased, but at a disproportionate
rate relative to other strains because commercial areas sown during the summer months

enabled large volumes of inoculum to be available for the infection of the autumn sown
As shown in Table 6, a total of only 33 isolations of strain 34-2,4 had been made
from April, 1959, to March 31, 1962, from a total of 2180 isolations. During the same'
Howperiod in Queensland there were seven isolations of 34-2,4 from a total of 222.
ever, for the period April 1, 1962, to March 31, 1963, 99 isolations from a total of 201
crop.

Queensland have been of strain 34-2,4. The strain is confined mainly to northern
South Wales and Queensland, but it made up about 25 per cent of all inoculum
examined from the country in 1962-63.

in

New

The other strains listed in Table 5 do not appear to have any relationship to the
commercial varieties of wheat grown. Strain 17-2 and 17-1,2 are identical with 21-2'
They are not
and 21-1,2 except for the Einkorn susceptibility to 17-2 and 17-1,2.
common in the field and are collected as isolated pustules on Einkorn where epiphytotics
Strains 116-2 and 116-2,3 have been isolated from
are severe in other varieties.
Queensland and northern New South Wales and have the added ability for virulence
on Vernal Emmer. Strain 40-2 is too rare at this stage to give any indications of its
possible significance.

In the preparation of Figures 1-5, which together give a clear picture of the
relationship between the acreage of varieties possessing a particular gene for resistance

and the frequency of rust strains unaffected by the presence of this gene, it has been
necessary to estimate certain of the acreages since statistics are not yet available. The
general trend has not been altered when these estimates are used, but one or two
explanatory comments are needed.
Northern New South Wales (the area north of the Great Western Highway) and
Queensland can, for purposes of survey work, be regarded as one ecological area,
although the variety acreage pattern in the two States may vary somewhat. A close
relationship exists between the strains of rust collected in the two areas. In Figure 2
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ACREAGE SOWN TO GAMENYA AND FESTIVAL.
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marked discrepancy shown for 1955 has already been
1958) and represents the rapid build up of strain 21-0 after

the

commented upon (Watson,
its first

appearance late in

The decline in the acreage of varieties with Srll is clearly evident,
become available for 1961 and 1962 it is probable that Mengavi

1954 (1955 period).

but when statistics
(Srll) will have recovered
acreage sown to Gabo.

much

ground

of the

lost

following the reduction in the

New

no acreage figures are available for
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South Wales for the last two
3 and 5, although the rust
Gamenya has not proved popular

seasons, those from Queensland have been used for Figures

combined

figures have been a

total for both areas.

in Queensland following only one year of trial

when

was

strain 21-2,3

present,

and

has been responsible for the decline in the popularity of Festival.
However, the upward trend of the rust frequency curve is due to the rapid expansion
of the acreage sown to Gamenya in New South Wales, and consequently in the build up
of the frequency of the strains attacking it.
this

strain,

too,
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and the percentage recovery of strains attacking it in Queensland and northern New South
Wales.

In Figure 4 the acreage sown to Glenwari and Spica in New South Wales as a whole
increased steadily from 1951 to 1960, but an estimated decline has now occurred due to
the release of Falcon and Heron in the south of the State to replace Glenwari, and of

Mengavi and Gamenya in the north to replace Spica.
ward trend in frequency in line with the estimated

The

rusts have

shown a down-

decline in acreage.

Finally, the

graphs of Figure 5, although for a period of only three years, show a very close agreement between the area of Mengavi cultivated and the intensity of the strain capable of
attacking

it.

Conclusions.

The
races

of

varieties

stem are

still

of

Stakman and Levine

for the

separation of "standard"

considerable value for describing rust

strains,

but their

must be recognized. Among these varieties are genes for resistance that are
useful as any available for describing the pathogenicity of a particular collection of

limitations
as

selected by
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The genes of Kanred, Mindum, Vernal, Acme, Einkorn and Khapli are recognized
throughout the world. However, they reveal only part of the complete phenotype of
the rust and in each geographical area must be supplemented by genes contained in
other varieties. Genes present in six such varieties have been described for the AustraliaNew Zealand area.
rust.

The system of classification used in this paper is simple, practical and selfexplanatory and further differentials may be added from time to time as new genes
hecome utilized by the wheat breeders.
The resistance of Marquillo, Khapstein,
Agropyron and probably of the unexplored varieties of Triticum durum doubtless will
be utilized in Australian varieties of the future.
In the meantime, however, those
concerned in knowing the phenotype and possibly the genotype of various collections of
rust in any area will need to utilize a system that is both convenient and effective. In
addition to testing new genes, new combinations of old genes will need to be synthesized
from time to time to facilitate the description of the rust strains. With the periodical
changes of these latter, the most effective screening devices will vary with them.

A breeder may ignore the usefulness of strain separation and
concentrate on a resistance not controlled by major genes. However,
that a single type of resistance is not enough and that the broad
prising several known genes is likely to be most valuable in giving a

identification

and

evidence suggests
genetic base comlasting protection.

This broad base can only be built up and be effective against strains with known
pathogenicity and this latter character can now be described with considerable accuracy.
Acknowledgevients.

We

many

are pleased to acknowledge the help given by

Farmers,

and

persons in this study.

have

forwarded collections of rust for
examination.
Much of the laboratory work was done by Mr. D. J. S. Gow and Miss
Wendy Ball and we are grateful for their help. The figures have been prepared by
Miss Kathryn Hodgkins to whom our thanks are also due. Financial assistance is also
acknowledged from the Wheat Industry Research Council, the University Research
Grant and the Rural Credits Development Fund.
teachers

school

agronomists

Refe7'ences.

AllarDj R. W., and Shands_, R.

mildew

G.,

1954.

in cytologically stable spring

44: 266-274.
D. S., 1953.
Ind. J. Genet. <£

Athwal,

—Gene

— Inheritance

of resistance to stem rust and powdery
wheats derived from Triticum, timopheevi. Phytopath.,

interaction and the inheritance of resistance to stem rust of wheat.

PI Breed., 13: 91-103.
and WatsoNj I. A., 1954. Inheritance and genetic
by two Kenya ^vheats to races of Puccinia (jraminis

—

,

79: 1-14.

relationship of resistance possessed
Proc. Linn. Soc. N.S.W.,

tritici.

—

BORLAUG, N. E., 1957. The development and use of composite varieties based upon the
Rep.
mechanical mixing- of phenotypically similar lines developed through backcrossing.
Third Int. Wheat Rust Conf., Mexico D.P., Mexico, March 18-27, 1956, pp. 12-18.
Campbell^ A. B., and McGinnis, R. C, 1958. A monosomic analysis of stem rust reaction and

—

awn

expression in

Redman

wheat.

Can.

J.

Plant

Sci.,

38

:

184-187.

— Interaction of temperature and light on the seedling reaction
745-749.
Bot., 34
McMurachy wheat to race 15B of stem rust. Can.
Current
1950. — A new biotype of race 15 of Puccinia gratninis
GoKHALEj V.
19: 214-215.
1960. — Seedling reactions
Green, G.
Watson.
and Pugsley, A.
Knott, D.

to

Can.

J.

FoRSYTHj F.

1956.

R.,

J.

Sci.,

tritici.

P.,

R.,

J.,

I.

A.,

of

:

T.,

stem rust of lines of Marquis wheat with substituted genes for rust resistance.
Plant Sci., 40 524-538.
Can.
Green, G. J., and Samborski, D. J., 1961. Cereal Rusts in Canada in 1960.
:

—

Survey, 41

Hayden,

:

new

—

imth., 46: 145-150.

Hore, H.

L.,

and Sims, H.

J.,

of Vic, 61: 167-172.

Johnson,

T.,

Dis.

Pathogenicity of races 11, 15B, 49, 125 and 139 of Piwcinia graminis var.
spring wheats, especially certain Kenya wheats and their derivatives. Phyto-

E. B., 1956.

tritici to

PI.

1-21.

and Green, G.

1919 to 1955.

Can.

.J.

J.,

PI.

—Wheat Varieties. Recommendations for Victoria. Ag.
Canada,
1957. — Physiologic specialization of wheat stem rust

1963.

./.

in

Sc, 37: 275-287.

BY

I.

A.

WATSON AND

N. H. LUIG.

257

—

J., Pbturson, B., and Samborski^ D. J., 1957.
Cereal Rusts in Canada
Path. Lab. ^Winnipeg-, Man., Rep. No. 12.
Peturson^ B., GrebNj G. J., and Brown, A. M., 1956. Physiologic races of cereal
rusts in Canada in> 1955.
PL Path. Lab. Winnipeg', Man., Rep. No. 11.

JOHNSONj

GreeNj G.

T.,

in 1956.

PI.

—

,

—

R., 1957a.
The inheritance of rust resistance.
II. The inheritance of stem rust
resistance in six additional varieties of common wheat.
Can. J. Plant Set., 37 177-192.
19576.
The inheritance of rust resistance.
III.
The inheritance of stem rust
resistance in nine Kenya varieties of common wheat.
Can. J. Plant Sci.^ 37
366-384.

KnotTj D.

—
1962. — Inheritance of Rust Resistance.
VIII. Additional studies on Kenya varieties
130-132.
of wheat.
Crop.
1962&. — Lines of Marquis wheat carrying
genes for resistance
stem
Agron. Abst. of 54th Ann. Meeting- of the Am. Soc. of Agron., Aug. 20-23, 1963,
1956. — The inheritance of rust resistance.
and Anderson^ R.
The inheritance
ten varieties of common wheat.
Can.
of rust resistance
ScL, 36: 174-195.
and I-Sun-Shen^ 1961. — The inheritance of rust resistance. VII. The inheritance of
:

,

:

,

2

8c.,

:

sing-le

,

to

rust.

p.

G.,

,

71.

I.

in

J.

Ac/r.

,

15B and

resistance to races

Can.

origin.

56 of

stem rust

PI Sc, 41: 587-601.
and Stakman^ E. C,

J.

in eleven

common wheat

varieties of diverse

—

1942.
Biotypes within Puccinia graminis tritici.
LOEGBRiNGj W. Q.,
Phytopath., 32: 12-13 (Abst.).
Nature, 185
636-637.
LuiGj N. H., 1960. Differential transmission of gametes in wheat.
1961.
Studies on the inheritance of disease resistance in seven varieties of common
wheat. Thesis (Ph.D.), Univ. of Sydney.
and Watson, I. A., 1961. A study of inheritance of pathogenicity in Puccinia
graminis var. tritici. Proc. Linn. Soc. N.S.W., 86 217-229.
Macindoe, S. L., 1941. The nature and inheritance of resistance to stem rust of wheat,
Puccinia gramitiis tritici, possessed by several resistant parents. Thesis (Ph.D.), Univ. of
(Dept. Agr. N.S.W. Sci. Bull. 69.)
Minnesota.
Dept. Agr.
and Brown, C. W., 1958. Wheat breeding and varieties in Australia.
N.S.W. Sci. Bull. 76.
Newton, M., Johnson, T., and Peturson, B., 1940. Seedling reactions on wheat varieties to
stem rust and leaf rust and of oat varieties to stem rust and crown rust. Can. J. Res.,

—

,

—

:

—

,

:

—

—

,

—

18:

489-506.

—

E., 1957.
Monosomic analysis of stem rust resistance of a common wheat strain
Agron. J., 49
222-223.
derived from Triticum timopheevi.
1962.
Differential fertilization in the inheritance of stem rust resistance in hybrids
1109involving- a common wheat strain derived from Triticum timopheevi.
Genetics, 47

Nyquist, W.

:

—

,

:

1124.

—

F., and Campbell, A. B., 1953.
Aneuploid analyses of the g-enes for stem rust
Report, Int. Wheat Stem Rust Conf.,
resistance and head density in McMurachy wheat.
Winnipeg, Canada, Jan. 5-7, 1953. 133 pp.
(Mimeo.)
Cited P.B.A., 24: 253.
Peturson, B., Green, G. J., and Samborski, D. J., 1960. Cereal Rusts in Canada in 1959.
Plant Path. Lab. Winnipeg-, Man., Rep. No. 15.
Plbssers, a. G., 1954. Genetic studies of stem rust reaction in crosses of Lee wheat with
Chinese monosomic testers. Agric. Inst. Rev., 9 29-40.
PuGSLEY, A. T., 1952. Resistance of wheat to Puccinia graminis tritici. Conf. of Cer. Breed.
and Gen. held at Wagga, July, 1951. C.S.I.R.O., 1952. (Mimeo.)
1956.
The gene Sr^^^ in relation to the resistance of wheat to Puccinia graminis
Emp. J. Exp. Agric, 24 78-84.
tritici.
1957.
Genetics of resistance to wheat stem rust.
Third Int. Wheat Rust Conf.,
Mexico D.F., Mexico, March 18-27, 1956, p. 81.
1959.
Interaction of genes governing resistance to Puccinia graminis tritici. Robigo

Peterson, R.

—

—

:

—

,

,

,

No.

9

:

—
—
—
1957. — Some

:

18.

aspects of the taxonomy of race 15B of Puccinia graminis tritici in
Peru. Third Int. Wheat Rust Conf., Mexico D.F., Mexico, March 18-27, 1956, pp. 109-110.
Sears, E. R., and Loegering, W. Q., 1961. A pollen-killing- gene in wheat.
Genetics, 46: 897.
(Abst.)
and RODBNHISBR, H. A., 1957. Identification of chromosomes carrying
genes for stem rust resistance in four varieties of wheat. Agron. Jour., 49 208-212.
and RoDBNHisBR, H. A., 1948. Nullisomic analysis of stem rust resistance in
123-124.
Genetics, 33
Triticum vulgare var. Timstein.
Singh, F., 1962. A virulent biotype of race 34 of Puccinia graminis var. tritici Erikss. and
Henn. in India. Ind. Phytopath., 15 162-163.
StakmaNj E. C, and Levine, M. N., 1922. The determination of biologic forms of Puccinia
graminis on Triticum, sp. University of Minnesota, Tech. Bull. 8.
Stewart,, D. M., and Loegering, W. Q., 1962. Identification of physiologic races
of Puccinia graminis var. tritici. U.S.D.A. E-617.
SuNDERMAN, D. W., 1961. Inheritance of reaction to stem rust in crosses between four vulgare
Cited P.B.A., 32: 189.
spring wheats. Crop Sc. Abst., pp. 48, Mimeo.

ROYAS,

E.,

—

,

—

,

:

—

,

:

—

:

—

—

,

—

THE CLASSIFICATION OF PUCCIWIA GRAMINIS

258

VAR. TRITICt.

—A

new race of Puccmia graminis tritici and two
16
61.
Walkden-Brown, C, 1959. Wheat varieties for 1959. Ag. Gas. of N.8.W., 70 85-97.
Watbrhouse, W. L., 1929. Australian rust studies. I. Proc. Linn. See. N.S.W., 54 615-680.
1936.
Some observations on cereal rust problems in Australia. Proc. Linn. Soc.
N.S.W., 61 5-38.
1952.
Australian rust studies.
IX. Physiologic race determinations and surveys of
cereal rusts.
Proc. Linn. Soc. N.S.W., 77 209-258.
WatsoNj I. A., 1941. Inheritance of resistance to stem rust in crosses with Kenya and
Phytopath., 31 558-560.
varieties of Triticum vulgare Vill.
1943.
Inheritance studies with Kenya varieties of Triticum vulgare Vill.
Proc
Linn. Soc. N.S.W., 68: 72-90.
1955.
The occurrence of three new wheat stem rusts in Australia. Proc. Linn. Soc.
N.S.W., 80: 186-190.
1957.
Mutation for pathogenicity in Puccinia graminis var. tritici.
Phytopath.,
47: 507-509.
1958.
The present status of breeding disease resistant wheats in Australia. Farrer
Oration. Ag. Gas. N.S.W., 69: 630-660.
1961.
Basic aspects of breeding rust-resistant wheats.
Report of Sixth Commonwealth Mycological Conference, 125-34.
MathesoNj E. M., and Bond^ E. E., 1960. Gamenya and Mengavi Two new Wheat
Varieties for Northern N.S.W. Ag. Gas. of N.S.W., 71 393-403.
and Cass Smith, W. P., 1962. Movement of wheat rusts in Australia. J. Aust. Inst.
Ag. Sc, 279-287.
and LuiGj N. H., 1958. Somatic hybridization in Puccinia graminis var. tritici.
Proc. Linn. Soc. N.S.W., 83: 190-195.
1961.
and
Leaf rust on wheat in Australia: a systematic scheme for the
classification of strains.
Proc. Linn. Soc. N.S.W., 86 241-250.
and
1962.
Asexual intercrosses between somatic recombinants of Puccinia
graminis. Proc. Linn. Soc. N.S.W., 87 99-104.
and
1962 b. Selecting for virulence on wheat while inbreeding Puccinia
graminis var. secalis.
Proc. Linn. Soc. N.S.W., 87
39-44.
and Stewart, D. M., 1956. A comparison of the rust reaction of wheat varieties
Gabo, Timstein and Lee. Agron. Jour., 48 514-516.
and Waterhouse, W. L., 1945. A third factor for resistance to Puccinia graminis
Uppal^ B.

N.,

and GokhalEj V.

Current

biotypes of race 42.

,

—
—

—
—

P.,

1947.

Sci.j

:

:

:

:

,

:

—

,

,

,

,

,

:

—
—
—
—
—

—

,

—

,

—

,

,

,

,

,

,

—
—
—

,

:

:

—

,

Nature, 155

and
wheat stem rust
,

:

—

,

tritici.

:

:

:

205.
1949.
Australian rust studies.
VIII. Some recent
in Australia.
Proc. Linn. Soc. N.S.W., 74: 113-131.
:

,

—

observations on

Pruo.

Lmw.

Soc. N.S.W., I'JGo.

Tracheitis from

Plate

Permian

coals,

Guiiaedali Colliery, iN'.S.W.

vii.

Plate

Peoc. Linn. Soc. N.S.W., 1963.

».

J
/

\»*

P••»
•

tf

-i

f»

.%

v ^

•'^S'r*Meiosis in Australian Lorantliaceae.

viii.

Pkoo. Linn. Soo. N.S.W., 1963.

Plate

QiiadraceiJS vaginalis,

n.

sp.

ix.

Pboo. Linn. Soc. N.S.W., 1963,

Blackbutt (E. pihilaris) forests.

Plate

x,

Pboc. Linn. Soc. N.S.W., 1963,

>j

4-6.

^vf^"^""'

Eucalypt

PtATE

.sr

forests.

7.

^

Notophyll vine forest.

XI,

Pboc. Likn. Soc. N,S.W., 1963,

PtATE

•f...
2
1.

W^.S<t^
Tor, Btheridge Range.

2.

Drift deposit, Island Bend.

XII,

Prou. LiNi\. Soc. N.S.W.,

Cocoons of

?

Plate

I'JGo,

Bracon capitatur (1), Hynyustcr Icpidus
and Do7-yctcs sp. (4).

(2),

Gyanoxoridcs

sp.

(3),

xiii.

Prog. Linn. Soo. N.S.W., 1963.

Plate

Diplodactylus wilUamsi,

n.

sp.

xiv.

AUSTRALIAN FOSSIL CRINOIDS.
I.

By

iNTEODtJCTION AND TERMINOLOGY FOR THE

AnAL PlATES OF

CrINOIDS.

New

England.

M. Philip, Geology Department, University of

G.

(Five Text-figures.)

[Read 25th September, 1963.]
Synopsis.

As an introduction

the present series of papers, previous work on Australian fossil
crinoids is summarized.
Crinoid terminology and classification are discussed, and the use of
Bather's (1892) symbols for crinoid plates is advocated. The anal plates of the various crinoid
groups are discussed and current confusion due to different systems (Moore and Laudon, 1941,
1943; Moore, 1950, 1952) critically reviewed.
Bather's (1900) interpretations are found to
explain best the relationships of the anal plates throughout the class Crinoidea.
to

A.

General Introduction.

knowledge of Australian fossil crinoids is extraordinarily limited. Few
forms have been described, and of these most are based on fragmentary material which
is generically unidentifiable.
As an introduction to the present series of papers, which

To

date,

will include a redescription of

knowledge

of Australian

classification

fossil

many

and terminology which
B. Previous

previously described forms, a review of present
is given, together with a discussion of the

crinoids

will be used.

Work on Australian

Fossil Crinoids.

are listed the previously described Australian fossil crinoid species,
In Table
For the
together with extra-Australian species identified as occurring in Australia.
sake of brevity, the 15 species of calceolispongiids described from the Permian of
1

Western Australia (Etheridge, 1915; Teichert, 1949, 1954) and from the Permian of
Tasmania (Sieverts-Dorek, 1942) have been omitted. In Table 1 a question mark has
been placed in the column headed "genus" if the original description or actual type
material indicates that the form is wrongly identified generically, or the generic
identity of the species has not been established unequivocably.

Similarly, for extra-

Australian species identified from Australian strata, a question mark is shown in the
column headed "species" if there is some reason to doubt the identification.
42 Australian species have been proposed

(excluding those of Dana, 1849,
These comprise eight camerate species, seven of which
are of doubtful generic position; 14 species and varieties of inadunate crinoid (excluding
15 calceolispongiid species) of which all but one are questionably identified generically;
one flexible species of uncertain generic position; three species and a variety of articulate
Five extra-Australian
crinoid all of which are questionably identified generically.
species have been listed, in three of which there is reason to doubt the accuracy of the
In

all,

which are discussed below).

identification.

Genera based on Australian types species are Trihracliyocrinus McCoy, 1847,
Helicocrinus Chapman, 1903 (non Quenstedt, 1876); and the calceolispongiids CaJceolispongia Etheridge, 1915, and Jimbacrinus Teichert, 1954.
This summary excludes unsubstantiated generic records which are scattered through
Also omitted are the four species described by Dana (1849) in his genus
Pentadia. These are based on isolated plates from the Permian of Illawarra, N.S.W.,
and the genus is regarded as unrecognizable.
the literature.

Proceedings of the Linnean Society of New. South Wales, 1963, Vol. Ixxxviii, Part

3.
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In a different category are a

number

of records

I,

which stemmed from the work of

David, 1950, p. 209). On a number of
occasions Bather was sent Australian fossil crinoids; although he prepared figures of
While in London recently, through
these, his manuscript work was never published.
the courtesy of Mr. L. Bairstow of the British Museum (Nat. Hist.), I was able to
locate Bather's material and figures. It is hoped to discuss this work in an early part
the late F. A. Bather (Bather, 1893, 1900,

164;

p.

of the present series.

Table

Summary

1.

and Described Australian Fossil Crinoid
(Excluding 15 Permian calceolispongiid species.)

of Recorded

Species.

Genus.

Species.

Cainozoic.
Button. Chapman 1914, Aire Coast, Vic.
Antedon protomacronema Chapman 1913, Malice Bore, near Ouyen, Vic.

Pentacrinus

stelkitus

Crbtaceotjs.
Isocrinus australis (Moore, 1870) Etheridge 1901,

Amby

Isoerinus australis var. albascopi/laris Etheridge 1904a,

Isocrinus parvus

Howchin

1921, 20

River, Mitchell Downs,

White

Cliffs,

N.S.W.

m. N. Macumba Creek, S.A.

Marsupites testudinarius (Schlotheim) Withers 1926, Gingin, Dandarragan, W.A.
TJintacrinus socialis Grinnel, Withers 1925, Gingin, Dandarragan, W.A.

Permian.
Camptocrinus

?

iasmaniensis Sieverts-Dorek 1942, Bridgewater, Tas.

Cyathocrinus konincki de Koninck 1877, Osterly, Hunter River, N.S.W.
? nux Etheridge 1892o., S.W. Mt. Britten, Q.

PMycrinus

Poteriocrinus

?

smithii Etheridge 1892a, Stanwell, near

Bow-wow

Rockhampton, Q.

N.S.W.
Nowra, Co. Vincent, N.S.W.
Phialocrinus ? nodosus Etheridge 1892&, Copper Point, Co. Vincent, N.S.W.
Tribrachyocrinus clarkii McCoy 1847, Darlington, N.S.W.
Tribrachyocrinus corrugatus Ratte 1885, Wollongong, N.S.W.
Tribrackiocrinus granulatus Etheridge 18926, Minnamurra River, Jamberoo, N.S.W.
Tribrachiocrinus ornatus Etheridge 18926, Nowra, Co. Vincent, N.S.W.
Tribrackiocrinus tasmanicus Johnston 1887, Shot Tower. Darlington, Tas.

Phialocrinus princeps Etheridge 18926,
Phialocrinus

?

Ck., B. Maitland, Co. Vincent,

stephensi Etheridge 1892&,

.

Carboniferous.
Actinocrinites nodosus Wright, Pickett 1960. Swain's Gully,

Babbinboon, N.S.W.

Actinocrinus polydactylus Miller, de Eoninck 1877, Glen WiUiam, N.S.W.
Cactoerinus

?

brotvnei

Benson

& Dun

1920, 4 m. E. Currabubula, N.S.W.

Wollumba River, Gloucester, N.S.W.
Synbathocrinus ogivalis de Koninck 1877, Burragood, Paterson River, N.S.W.

Perieehocrinus indicator Etheridge 18926,

Devonian.
Eucalyptocrinites inchoatus Philip 1961, Toongabbie, Vic.

.

Rhodocrinus crenatus Goldfuss, de Koninck 1877, Yass District, N.S.W.
Thylacocrinus I ignotus Philip 1961, Toongabbie, Vic.

Silurian.
Botryocrinus longibranchiatus

Chapman

1903, Royal Park, Vic.

.

.

Hapalocrinus victoriae Bather 1897, Princes Bridge, Melbourne, Vic.
Helicocrinus plumosus Chapman 1903, West Brunswick, Vic.
Lecanocrinus breviarticulatus Chapman 1934, Hatton's Cnr., Yass, N.S.W.
Pisocrinus ? yassensis Etheridge 19046, DerrenguUen Creek
Hatton's Cnr., Yass, N.S.W
P. ? yassensis var. lobata Etheridge 19046, DerrenguUen Creek, Yass, N.S.W.
;

seems that Australia's meagre contribution to the total of some 5500 described
is largely the outcome of the very fragmentary record of the
class, particularly in our Palaeozoic strata.
Except from certain localities of Silurian
and early Devonian age in Victoria, and from Permian strata, particularly in Western
Australia, crinoid remains are neither abundant nor complete enough to constitute any
It

species of fossil crinoid

significant part of the invertebrate faunas.
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Terminology, Plate Symbols and Classification.
Terminology.
The morphological terminology which will be used throughout is substantially that
of Bather (1900). Over recent years a number of alterations to this have been made hy
various workers so that at present there is considerable confusion, particularly relating
to the nomenclature of cup plates.
It therefore has been found necessary to give in
Section D a review of certain aspects of the morphology of crinoids in explanation of
the terminology which will be employed.
C.

Crinoid Plate Symbols.
Prior to 1940 the widely accepted symbols used in descriptive crinoid morphology
were those introduced by Bather (1892, 1900). Springer (1920, p. 19), in using these

symbols in his great monograph of the flexible crinoids, acknowledged these "as being
the most philosophical and accurate, and also the logical consequences of our own
researches".

Moore and Laudon (1941) altered the scheme of notation "because of some
ambiguities and inconsistencies" in Bather's symbols. Such ambiguities as Moore and
Laudon point to are, however, of their own making. These writers prefer upper case to
lower case letters for their symbols, and so render Bather's symbol "iBr" (interbrachial)
They then complain that this is the same symbol as a primibrachial in
as "IBr".
Bather's scheme, and this led them to revise the system of crinoid symbols.

Wanner (1948) and Ubaghs (1956a)
symbols, pointing to the total ambiguity of

have criticized Moore and Laudon's new
of them. Briefly these criticisms are:

many

1. The change in the designation of the order of a series of ossicles from Roman
numerals to letters breaks down completely in the higher orders, e.g., a secundibrachial
(SBr) has the same symbol as a sexti- or septibrachial, and a quarti- and quintibrachial
are also identical (QBr).
2. Certain symbols, or groups of symbols, are used in two very different senses, e.g'.,.
R = i-adial and right; P = posterior and primi- (thus PBr is a posterior brachial or sl
primibrachial); RA = radianal or right anterior.
Moore and Laudon's unnecessary change in what was a universally accepted system
among crinoid workers has led to considerable confusion. It has been followed hy
American and British workers, and is widely given in current text-books.
Certain.
recent workers (Ubaghs, 1956a; Philip, 1961; Briemer, 1962) have, however, preferredBather's notation, and there can be little doubt that the Moore and Laudon scheme will
fall from favour.
Listed below are the symbols which will be used in this series of papers. Ubaghs'
substitution of "iR" for "IR" as the symbol for an interradius has been followed.
IB = Infrabasal.

B

R

= Basal.
= Radial.

Ri = Inferradial;

Rs = Superradial.

Br = Brachial.
IBr = Primibrachial; IBi'i = First primibrachial; IBr^ = Second primibrachial;
lAx = First axillary brachial, or primaxll; IIBr = Secundibrachial; IIIBr = Tertibrachial; etc.

X

= Anal.
RA = Radianal.
= Oral.
Amb = Ambulacral.
iAmb = Interambulacral.
IBr = Interbrachial.
ilBr = Interprimibrachial; illBr = Intersecundibrachial; etc.
IR = Interradius (or interradial).
r. = right; 1. = left; post. = posterior; ant. = anterior.
The symbols are made plural by repetition of the last letter.

262

australtajv fossil ceinoids.

i,

Classification.

The higher

classification whicli will be followed

is that of Springer (1913, 1920)
the orders Inadunata, Flexibilia, Articulata and Camerata as they are
currently used. The other widely used crinoid classification, which was superseded by

who proposed
Springer's,

is

that of Bather

(1899&, 1900)

who recognized

a twofold division of the

and dicyclic forms. Although there is considerable merit in this
scheme, it does appear that in the Inadunata and Camerata, the base of the crinoid
(and the inferred nervous system) does not afford a feature of primary taxonomic
class into monocyclic

importance.

Moore and Laudon (1943) combined these classifications by recognizing Bather's
orders within Springer's groupings (Inadunata and Camerata) which were then
elevated to subclasses.
Among dicyclic inadunates they also recognized Bather's
suborders.

Moore (1952) has more recently introduced further suborders, one

of

which

in particular is not only similar in content, but also possesses similar definition to a

suborder introduced by Bather (18996, 1900) (Glyptocrinina Moore, 1952 = Melocrinoidea
Bather, 1899). As this duplication is unnecessary, Bather's suborders will be used here
where applicable.
It will also be suggested elsewhere that some of Jaekel's (1918)
groupings may find a place in crinoid classification.
D.

The Anal Plates

of Crinoids.

Principally through the studies of P. H. Carpenter (1882), Bather (1890 and subsequently), and Wachsmuth and Springer (1879 and subsequently) the relationships of,
and terminology for, the anal plates of crinoids were well established by the turn of the

century (Bather, 1900). In the last twenty years different schemes have been proposed
(Moore and Laudon, 1943; Moore, 1950; Moore, 1952) which imply other interpretations
As no
interpretations now generally given in text-books and papers.
of these plates
writers since Wachsmuth and Springer (1879) have failed to emphasize the importance
of anal plates in crinoid classification, it is desirable that the nomenclature and
significance of these plates be understood. In this section the relationships of the anal
plates of crinoids are reviewed in an attempt to arrive at a consistent and workable
nomenclature for anal plates throughout the class Crinoidea.

—

i.

The anal

Introduction.

plates of crinoids are those plates of the posterior interradius

which are

directly or indirectly connected with the anus. They appeared in the cup as a response
to the need for widening of the posterior interradius, presumably to allow room

internally for the gut, and perhaps also to support mechanically the anal sac. Bather
(1899a, p. 34) describes four fashions in which the widening of the posterior interradius
may be achieved, viz.: 1. By widening of existing plates; 2. By splitting or duplication
of existing plates;

3.

By

in the other interradii;

intercalation of a fresh plate, or
4.

By

column

of plates, unrepresented

lateral displacement or partial atrophy of existing plates.

The modifications within this last category are seen in flexible and inadunate
and it is largely these modifications which have been given different explanations.
As the interpretation of the more complex arrangements may be found in the
simpler arrangements, these are discussed first. The anal plates of camerate crinoids,

crinoids,

which, from above (1-3), can be seen to be different from other crinoid groups, are
discussed

last.

ii.

The Anal Plates

of Flexible Crinoids.

most clearly.
In
In early members of the group there are two plates at the base of the right posterior
ray in place of the single radial of the other rays (Text-flgure la). The upper of these
two components is known conveniently as the right posterior radial (more precisely the
flexible crinoids the relationships of the anal plates are displayed

right posterior superradial) and the lower as the radianal.

It is this plate, originating
as a ray plate, which in the phylogeny of flexible crinoids migrates upwards and to the

BY
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expand the posterior interradius and

so

become an anal

26a
plate.

The name

"radianal" was coined by Bather (1890, presumably from Wachsmuth and Springer's
juxtaposition of the words "radial" and "anal") to describe the similar plate of

inadunate crinoids which has been called the "azygous plate" by earlier authors. The
other principal element of the anal series is anal X, the lowermost plate of the anal sac
(Text-figure la).

Text-figure la-c

is

a morphological series illustrating the migration of the radianal
radial.
In the later flexibles, when this migration is

from beneath the right posterior

its identity may be lost among the posterior interradials (Text-figure Ic), or
be resorbed, a feature seen also in inadunate crinoids. It is noteworthy that in
Springer's archetype flexible crinoid the radianal is separated from anal
(Text-

complete,
it

may

X

figure Id).

—

Text-flgure 1.
Anal plates of flexible and articulate crinoids.
a-c, Morphological series
showing migration of the radianal from beneath the right posterior radial to become a
posterior interradial.
d. Archetype flexible crinoid (after Springer, 1906, PI. 5, flg. 9).
e.
Place of origin and path of migration during ontogeny of the anal plate of the living comulatid
Comactinia meridionalis (A. & E. C. Agassiz) (after Springer, 1920, PI. C, flg. 6).
{a,

Protaxocrinus, after Springer, op. cit., PL 45, flg. 4b h, Lecanocrinus, after Springer, op. cit.,
PL 1, flg. 6 c, Forbesiocrinus, after Springer, op. cit., PL 23, flgs la-2, .5.) R = radial,
= anal,
RA = radianal, B = basal.
;

X

;

iii.

The Anal Plates

of Articulate Crinoids.

Usually anal plates are not present in adult articulate crinoids, although a so-called
anal appendage, widening the posterior interradius, may be present in such forms as
Tliaumatocrinus.
However, as was made known by the early morphologists of living
crinoids (W. B. Carpenter, 1866; Sars, 1868), an anal plate appears between the posterior
interradials during the early development of Antedon (and of comulatids generally).
With growth of the crinoid this plate gradually moves upward out of the cup, accompanying the upward migration of the anus, until it is resorbed on the tegmen at the
base of the anal tube.

AITSTRALIAN FOSSIL CKINOIDS.

264

I,

and earlier authors held that this plate is homologous
i.e. with the lowest plate of the anal tube.
However,
A. H. Clark (1912, 1915) argued that the anal element of comulatids is homologous
with the radianal of flexible and inadunate crinoids.
This opinion was criticized
strongly by Bather (1918) who, in refuting Clark's arguments, laid particular stress
on the phylogenetic changes of the anal plates of Palaeozoic crinoids. He emphasized
that the anal X sank between the posterior radials and then slowly rose to be excluded
from the cup, whereas the radianal was subradial in origin, and was absorbed within
the limits of the cup. This, however, is not without exception; flexible crinoids such
as For'besiocrinus (Text-figure Ic) admit of the interpretation that the radianal has
migrated from the cup to take a position among the posterior interradials, and a similar
tendency is seen in species of the inadunate genus Zeacrinites.
Bather
with anal X

(1890, 1899a. 1900)

of Palaeozoic crinoids,

—

Morphological series showing- migration of the radianal in some dicyclic
Text-figure 2.
Inadunate crinoids (after Bather, 1899o, p. 35, figs 12, 14, 16).
«, Dendrocrinus (originally
from J. Hall) 6^ "Poteriocrinus" (originally from Wachsmuth and Springer) c, Parisocrinus
(originally from a MS. drawing by Wachsmuth).
;

;

If the anal element of comulatids must be considered as representing either anal X
or the radianal, then the most important factor in deciding its homology is its place of
origin.
Springer (1920) showed that in Oomactinia meridionalis it arises beneath the
Tight posterior radial and so is a truly subradial element. This, coupled with the fact
that the migration of the plate follows directly the path of migration of the radianal
during the phylogeny of Palaeozoic crinoids (Text-figure le), leaves little room for an
interpretation other than that the anal plate of comulatids is homologous with the

radianal.

iv.

The Anal Plates

of Inadunate Crinoids.

The anal plates of dicyclic inadunate crinoids are strikingly similar both in arrangement and modification to those of the flexible crinoids. Text-figure 2 shows a morphowhich the radianal migrates from beneath the right posterior radial to
X supporting the anal sac. One type of morphology not seen
in flexible crinoids, however, is that of Merocrinus (Text-figure 4c).
Here the anal
tube is supported by an axillary plate separating it from the lowest ray plate of the
right posterior ray. That this represents a primitive condition, indicating the origin of
the anal series as a modified ramus, is shown clearly by the monocyclic inadunates.
logical series in

take

its

place with anal

Among monocyclic inadunate crinoids the type of morphology typified by Merocrinus
common. Text-figure 3 is a morphological series showing the gradual sinking of anal
X, which widens the posterior interradius, until it abuts on the right posterior inferis

radial

—the

radianal.

;
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Moore and Lauclon

(19.'f3).

Moore and Laudon (1943) introduced a completely different interpretation
anal plates of inadunate crinoids with the following paragraph (p. 15)

of the

:

is a product of the coalesced two lowermost plates of the right
Excepting a few genera of monocyclic inadunates, a true radianal occurs
The 'supplementary' element below
only in dicyclic inadunates and flexible crinoids.
the 'radianal' of Carahocrinus and the homologous lowermost plate of the right posterior
ray in monocyclic inadunates are here designated as inferradianals. The 'radianal' of
Carahocrinus and the homologous axillary second plate of the right posterior ray in
monocyclic inadunates are termed superradianals.
This plate is morphologically a

"The radianal

posterior ray.

MOORE
LAUDON.

&

1943

m^%
r.
post.
SU PERRADIAL

::•:::::::•

SU PE R-

INFERRADIAL

RADIANAL

RADI ANAL

R.POST.

IN

FERR ADIAL

=

RAD lANAL

I

—

N FE R-

AN RADIAL
I

Morphological series of inonocyclic inadunate crinoids showing the origin
Text-figure 3.
Also given are
of anal
as a brachial, and the radianal as the right posterior inferradial.
e, Hybocrinus
the plate nomenclatures of Moore and Laudon (1943) and Moore (1952).
a, locrinus (a-c, e after Moore and
d, Dystactocrinus
c, Anomalocrinus
h, Ectenocrinus
Laudon, 1943, p. 27, fig. 3; d, after Ulrich, 1924, p. 87, fig. 6b). Radials black.

X

;

;

;
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brachial that supports on
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the anal tube.

It is neither necessary nor wise
ray of monocyclic inadunates (except in
the Hybocrinidae, Beleinnocrinidae and Calceocrinidae) as a radial.
To do so covers
up the interesting and important evolutionary destinations of a number of plates and
leads to confusion and misconception."
Despite this warning it is necessary to enquire as to the fate of the right posterior
radial.
From Moore and Laudon's Fig. 1 (Text-figures 3a-c, 4c) it seems that they
regarded the lowermost brachial of the right posterior ray of such genera as Merocrinus
and locrinus as equivalent to the right posterior radial. The right posterior radial of
Carahocrinus jumps from the cup and up the posterior ramus, and then, with the alleged
fusion of the so-called infer- and superradianals, drops down again into the cup in the
more advanced inadunates (cf. Text-figures 3, 4a-c).
This system denies the migrations and homologies of the anal plates given in
Sections ii-iv; there is no basis for these "saltations" in the comparative morphology

any plate

to designate

left side

its

of the right posterior

of the group.

In locrinus the structure of the right posterior inferradials and brachials
has been described in detail by Bather (1899a, pp. 41-42); that the right posterior radial
is in fact the first brachial of the ramus is suggested in no way by the morphology of
the ossicles concerned.

Apart from the genus Carabocrinus, Moore and Laudon's "superradianal"
right posterior superradial, and the "inferradianal"

these elements

be this, or

is

supposed

the inferradial.

is

When

is

have taken place, the plate designated as the radianal

to

the

fusion of

may

may

be the radial (as in Sy^ibathocrinus, Text-figure 4cl).
In Carabocrinus, which is unique in that it possesses two plates below the superradial (Text-figure 4a), the terms infer- and superradianal could, perhaps, be applied
to these ossicles.
However, it is quite unlikely that this represents a primitive stage
it

development of the radianal (or right posterior inferradial). Were this so, then
would mean that the inadunate crinoids primitively lacked pentameral symmetry
in that the right posterior ray was differentiated.
This is suggested by no other lines
of evidence. It is best, therefore, to refer to the plate below the radianal in Carabocrinus
as a "supplementary" element (as was done by Bather, 1900, p. 172, and earlier authors).
As Moore and Laudon's scheme has been abandoned by at least one of its authors,
Some recent workers have, however, continued
it need not be discussed more fully.
to use the terms "inferradianal" and "superradianal" in describing the compound radials
of heterocrinids (e.g., Ramsbottom, 1961). The confusion the system has brought may
be illustrated by the species Synbatliocrinus ? antiquus Strimple. Strimple and Watkins
(1961) note that in this species the right posterior radial is compound, and refer to
the upper component as the "radianal" and the lower as the "inferradianal". In reality
it is the lower component which is homologous with the radianal, but it is not meaningful
It seems inconceivable
to describe the components other than super- and inferradial.
in the

it

that the right posterior radial of Synbatliocrinus could be regarded as anything else
(Text-figure

4(Z),

ponents should be

and

that,

known

if

else
vi.

a horizontal suture be detected in this plate, the com-

than as

The

infer-

Vieivs

of

and superradial.

Moore

(1952).

gave a different scheme in which he divided the monocyclic
inadunates into two morphological groups on the basis of the arrangement of the anal

Moore

(1952)

plates, viz.:

Type 1: Monocyclic inadunates in which in the right posterior ray (p. 615) 'The
branch on the right side leads upward to an arm or arms which begin above the rim
of the cup, whereas the branch on the left (although morphologically arm like) conThe lowest plate of this series
stitutes the lower part of a plate series called anals.
is designated as the anal X plate, and the ray plate below it at the right is called
aniradial. The aniradial is the plate where branching takes place. A radial is present
but in others it is lacking and then the
below the aniradial in some genera
.

.

aniradial stands alone

as a

examples given of this type.)

special

.

.

.

.,

sort of radial.

.

.

."

(Text-figure 3a-c;

ic-d

are
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"having a structure similar to the cups
is succeeded by an
and a brachial". (Text-figures 3e, 46 are examples

(p.

617)

described, except that the lowest plate in the right posterior ray

anal

X

and a

radial, instead of anal

X

of this type.)

Moore

&

H e

Loudon, 1943

rein

b

^^

INFERR ADIAN AL

RADIAN A

SURE RRADIANAL

AN RADIAL

L

•:x-

RADIAL

1

—

Various plate nomenclatures for the anal plates of inadunate crinoids. a,
Text-figure 4.
Carabocrinus ("S" - supplementary plate) b, Thenarocrinus c, Merocrimis d, Synbathocrinus.
(Outlines from Moore and Laudon, 194.3, p. 14, fig-. 1.)
;

;

;

It is noteworthy that these apparently fundamental morphological groups cannot be
accorded any systematic significance within the Inadunata. The reason for the almost
trivial nature of the distinction is that there exists a morphological series connecting
end members of each group (Section iv; Text-figure 3). The distinction between the
group rests merely in the contact of anal X with the lowermost ray plate (inferradial)
of the right posterior ray.
In such heterocrinids as Dystactocrmus constrictus (Hall)
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and Isotomocrinus typus Ulricli (1924, pp. 86-7, figs 5-6) it is not clear from descriptions
and figures whether or not this contact is made, and so there is some doubt into which
of Moore's groups the species are to be placed (Text-figure 3d).

Moore (Zoc. cit.) gives the homologies between his two systems thus: "The lowest
ray plate, which seems to correspond to an aniradial, is here given another name.
This name is radianal."
.

.

.

Exactly this interpretation has appeared in the literature previously. P. H. Carpenter
misinterpreted the views of Wachsmuth and Springer (1879) in their early
work on the anal plates of inadunates. He thought that Wachsmuth and Springer
meant to homologize the lower half of the compound right posterior radial of
Dendrocrinus with the upper axillary plate of locrinus (cf. Text-figures 2a, 3a), which
comparison Carpenter "cannot follow". Of Carpenter's mistaken view of Wachsmuth
and Springer's work, Bather (1890, p. 321) observed, "The learned Americans are not,
it is true, always easy to understand, but it is hardly fair to suppose that they talk
nonsense".
(1882)

No new

evidence has been brought to bear on the relationships of anal plates since
The comparative morphology of Palaeozoic crinoids can lead to no other

Bather wrote.

logical interpretation than that the radianal arose as the lower half of the

right posterior radial, and in
plate of the anal sac, anal
of these plates

crinoid.

The
the

This

appears
is

to

X

its

compound

primitive condition was separated from the lowest

(Sections

ii-iv).

The present confusion in the homologies
to what is the radial plate of a

stem from a misconception as

discussed in the following section.

"aniradial", then, is the upper

name has been

component

applied to this plate

of the right posterior radiaP,

when anal

X

is

and

separated from the lower

of the right posterior radial. Remains the question whether or not the term
can be usefully applied to the upper component of the right posterior radial in this
condition. Rather than changing the designation of the stable unit in different arrangements of the anals, it seems far more logical to change the designation of the plate
which migrates, the lower component of the right posterior radial (the radianal). It
is proposed that the term "radianal" should be applied to the lower component of the
right posterior radial when it is in contact with anal X (Text-figures 3e, ia-b) and that
it should be known as the inferradial when separated from the anal (Text-figures
3a-c, 46).
Although this change in terminology perhaps obscures the homology of the
radianal, it avoids the contradiction in terms when this plate has no part in the anal
series, particularly in such forms as Pisocrinus where it has migrated to the right.

component

vii.

TKe Radial Plates

of

Crinoids.

inadunate crinoids, particularly the monocyclic inadunates, the
be compound, the upper and lower components being united by a subhorizontal suture. This is often seen in the left and right anterior and right posterior
radials (Text-figure 3).
For the two components Bather (1892) proposed the names
In

radials

the

earlier

may

superradial and inferradial (cf. "subradial" of Jaekel, 1895) and these terms have
become widely used. The two components "in the organization of the Crinoid count as
one plate" (Wachsmuth and Springer, 1897, p. 71).
Moore (1950, p. 30) has considered that the lowermost component of a compound
radial (the inferradial) is homologous with a non-compound radial (and designates it
cup primibrachials".
Furthermore he terms the "so-called superradials
as such).
.

.

.

fundamental cup plates of
The basis for this change
Admittedly Wachsmuth and Springer {loc. cit.) argued at some
crinoids is obscure.
length that the superradial is the introduced element but, as Bather (1898, p. 419) points
in

the conception

of

the

^ The
ambiguities of the Moore and' Laudon (1941) system of plate notation (discussed in
Moore (op. cit.) employs the abbreviation "AR" for his
Section C) complete the confusion.
"aniradial"; according to Moore and Laudon (1941, p. 421) AR = anterior radial; in reality the
plate concerned is the right posterior radial.
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their reasoning cannot be followed.
The available data suggest that neither
component of a compound radial is equivalent to a non-compound radial, but that both
segments, on fusion, give rise to the true radial (cf. Synhathocrinus ? antiques, p. 266).
Hence the terms super- and inferradial describe the true relationships of these
out,

components.
In the right posterior ray of inadunates with compound radials, if either comis to be considered as a radial, then it is the superradial rather than the infer-

ponent

The comparative morphology of Palaeozoic crinoids shows that it is this
element which remains stable in position during the migration of the inferradial to
take its place among the anal plates as the radianal (Sections ii-iv). It can be seen,
therefore, that Moore and Laudon's (1943) choice of a radial in the right posterior ray
of the Heterocrinidae and similar forms was the ossicle above the functional radial
(the first primibrachial
and that Moore's (1950) choice was the ossicle below the
radial.

)

functional radial

,

(the inferradial)

(Text-figures

3,

4c).

Moore's last definition of a radial presumably stems from the lack of recognition
of the demonstrable migration of plates which took place during the phylogeny of
It goes hand-in-hand with the two morphological
inadunate and flexible crinoids.
schemes discussed in Section vi, and confusion of the homologies between the schemes
is

its

outcome.

—

Text-figure 5.
Anal plates of camerate crinoids interradials stippled, radials and axillaries
black, posterior interradius vertical.
a_, Hadrocrinus
(after Ubagiis, 1956&, p. 559, fig. 4, from
Springer, 1921)
b, Actinoc7-inites (after Moore and Laudon, 1941, p. 418, fig. 1)
e, Rliodocrinites
(after Moore and Laudon, loc. cit., fig. 2).
;

;

;

viii.

As was seen

The Anal Plates

in Section

i,

of

Camerate Crinoids.

the anal plates of camerate crinoids are distinct from

The posterior interradius may be expanded by plates
those of other crinoid groups.
not represented in the other interradii (Text-figure 5), or this interradius may have
an arrangement of plates identical with that of the other interradii so that the cup

may

possess perfect pentameral symmetry.

The anal

plates of camerate crinoids are those plates

the other interradii,

i.e.

which are not represented

in

the extra plates of the posterior interradius which lack serial

homology with plates of the other interradii. Bather (1899a, 1900) and Wachsmuth
and Springer (1897) regarded the anal plates of camerates as supplementary pieces
developed as the occasion arose in the position where they are found, packing and
widening the posterior interradius. This seems the only possible interpretation. Unlike
the anal plates of flexible and inadunate crinoids, there is no traceable migration, and
the anal elements even defy recognition in many crinoids with expanded posterior
interradii (Text-figure 5a).
The only instance where anal plates can be reasonably
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same basic element

identified as the

is

when

1,

a single plate, unrepresented in other

radials, as in Hexacrinites and
because of the apparent origin of the anals
of camerates, a strict homology between these plates may be questioned.
Because of
the serial homology, which confuses the identification of anal plates in the posterior
interradius, it is often impossible even to draw homologies between plates of different
interradii of the one crinoid.

between the

interradii, is present

Actinocrinites

(Text-figure 5).

and right posterior

left

Even

so,

Moore and Laudon (1941), however, regard

all of

the plates of the posterior inter-

radius of camerate crinoids as anals, a procedure without justification.

Moore

More recently

has introduced the definition "The proximal plate of the posterior
interray of camerate crinoids is named tergal and the higher ones called supertergals;
these plates are judged not to be homologous to anals of inadunates and flexibles".
(1950, p. 30)

Ramsbotton (1961, p. 2) adopts the term "tergal", "since it was shown long ago
by Bather (1899a, p. 40) this plate is not homologous with any of the anal plates in
Inadunates and Flexibles, and hence should receive a different name".
Very little
justification of this, however, can be found in the works of Bather-.
In the section
alluded to, Bather was arguing the impossibility of proving the "homology between the
midrib of the locrinus tube, and the median anal series of Camerata". This is very
different from establishing them as not homologous.
be noted that Moore's "tergals" are not necessarily anal plates, but are

It is to

of the plates of the posterior interradius.

As these

plates are accurately described

characterized by their designation "posterior interradials", Moore's

No

sidered unnecessary.

new term

all

and

is con-

special terminology can be introduced for the anal plates of

camerate crinoids because of uncertainty of homologies between the posterior and
other interradials of camerates, between the posterior interradials of different camerates,
and between the anal plates of camerates and other crinoids.
ix.
1.

The

Definitions

and Conclusions.

radials are the fundamental cup-plates of crinoids, the lowermost cup-plate

of each ray.

In the earlier Inadunata "the radials are frequently compound,

i.e.

con-

structed of two segments or parts, which are closely united by a horizontal suture, and

(Wachsmuth and

in the organization of the Crinoid count as one plate"
p.

The names superradial and

71).
2.

The anal

Springer, 1897,

inferradial are to be applied to these components.

plates of crinoids are defined as extra cup-plates of the posterior inter-

radius, unrepresented in the other interradii.
3.

The anal

plate

(X) in the Inadunata and Flexibilia is the lowest plate
it arose as a modified brachial.

of the

In the Inadunata

anal sac or series.

when

is the plate to the lower right of the anal plate, and
As the name suggests, this plate arose as the inferradial
of the right posterior ray (shown by the comparative morphology of the Flexibilia and
When separated
Inadunata, and suggested by the ontogeny of living comulatids).
from the anal plate in its primitive position beneath the superradial, this plate is not
part of the anal series, so that the term "radianal" is not strictly applicable to it. The
4.

The

radianal,

present,

abuts against this element.

element should then be known as the right posterior inferradial.
5.

Because of uncertainty of the homologies of the anal plates of the Camerata, no

special terminology can be applied to them.
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THE BREEDING BIOLOGY OF THE BAW BAW FROG PHILORIA FROSTI SPENCER.
By M.

J.

LiTTLEjOHX, Zoology Department, University of Melbourne.
(Communicated by Mr. 8. J. Copland.)
(Plate XV

one Text-figure.)

;

[Read 25th September, 1963.]

Synopsis.

The breeding biology and larval development of Philoria
with the two species of the related genus Kyarranus.

frosti are described

and compared

The monotypic genus PhiloHa Spencer appears most closely related to Kyarranus
Moore in which there are two species K. sphagnicolus Moore and K. loveridgei (Parker).
The latter species was previously included in Philoria (Parker, 1940), being transferred to Kyarranus when this new genus was described (Moore, 1958).
Breeding biology and embryonic development were given considerable emphasis in
Since this information was not available
for P. frosti, and could have some bearing on the status of Kyarranus, it was decided to
visit Mt. Baw Baw in the Central Victorian Highlands, the only locality from which
P. frosti had been collected.
Late spring seemed the most likely breeding season, and
on two trips made there during November, 1960 and 1961, the frogs were found breeding
the description of Kyarranus (Moore, 1958).

actively.

Adult Morphology.
the external morphology and coloraexamined in this study agrees with his account,
but some additional notes on coloration and secondary sex characteristics may be added.
Males have dark brownish-black throats, but no breeding rugosities on the hands.
Females have pale mottled yellow-brown throats and well-developed flanges on the two
inner fingers. The small irregular light patches on the dorsal surface, mentioned by
Spencer, are pale yellow in life. A series of 6 females and 10 males (all in breeding
condition) collected at 5200 feet on November 11, 1961, had the following body

Spencer (1901) has given a

tion of an adult P. frosti.

The

full description of

series

proportions: Body Length: females, 49-2 mm. (range = 47-6-51-0); males, 43-8 mm.
(S.D. = 1-33, range - 41-7-45-9). Tibia Length/Body Length: females, 0-376 (range = 0-351Head Width/Body Length:
0-393); males, 0-414 (S.D. = 0-016, range - 0-374-0-435).
females, 0-339

(range - 0-327-0-351); males, 0-362

Thus the males are smaller, but have longer
adult male is shown in Plate xv, figure 3.

legs

(S.D. = 0-011, range = 0-351-0-384).

and wider heads.

A

photograph of an

Habitat.

Breeding adults and egg masses were collected on the slopes and plateau above
On the mountain side collections were made from beneath logs and small
4300 feet.
granite boulders along a clear shallow stream; and on the plateau (circa 5200 feet)
from sphagnum along small rivulets.
Proceedings of the Linnean Society of

New South

Wales,

1963, Vol. Ixxxviii, Part
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sphagnicolus from deep in sphagnum and from rock
on Point Lookout, New South Wales. He collected K. loveridgei
from nests in moist soil in a rain forest at 2700 and 3000 feet at Binna Burra,
Queensland.

Moore (1961)

collected K.

ci'evices at 5000 feet

Breeding Season.

was in full breeding condition during November.
were November 25-26, 1960, and November 11, 1961. Males
were in full chorus and numerous egg masses, with embryos in early development,
Kyarranus sphagnicolus was found breeding during late November, and
were seen.
K. loveridgei in mid-December (Moore, 1961).
As already

The exact dates

indicated, P. frosti
of the visits

Mating Call Structure.

may be described as a short "clunk", repeated in
sequences of up to 30 calls. Tape recordings of calls of five males were made in the
These recordings were then
field at burrow wet bulb and water temperatures of 8-0° C.
analysed on a cathode ray oscilloscope and found to have the following characteristics:
Call Duration: 0-10 second (range = 0-05-0-14); *Dominant Frequency: 1120 cycles per
second (range = 1050-1170); Call Repetition Rate: 100 calls/minute (range = 86-118).
The mating

The mating

call

of

P.

frosti

call is irregularly

modulated with the modulation often reaching 100%,
into 3-7 pulses.
However, the variation in

so that the call

may become broken up

modulation

great that a pulse repetition rate was not determined.

is so

of a representative call is

shown

in Text-figure

An

oscillogram

1.

ilwlnHK*—
Text-fig'. 1.
Oscillogram of typical mating call of Philoria frosti.
the time base at 50 cycles per second.

The lower trace shows

Moore (1961)

describes the call of K. sphagnicolus as "a low and soft growl,
fading at the end.
Each call requires about one second and may be
repeated at intervals of about five seconds." He describes the voice of K. loveridgei as
a slow guttural "ork", and as resembling that of K. sphagnicolus.
'gur-r-r-r-r-r',

Amplexus, Oviposition and Spawn.

Three gravid females were collected and these subsequently mated in the laboratory.
The actual process of oviposition was not observed, but amplexus was inguinal and
occurred in shallow water. The eggs were laid in white foamy masses, about 8 cm. in
diameter and about 3-4 cm. high. The three egg masses laid in the laboratory gave
counts of 81, 94 and 110 eggs. The eggs were large, unpigmented and creamish-white
(PI. XV, fig. 2), with a mean envelope diameter of 5-8 mm. (range 5-2-6-2) and a yolk
diameter of 3-9 mm. (range 3-7-4-2). The foamy egg masses are similar to those of
Kyarranus and Limnodynastes. Likewise, the flanged inner fingers of the females are
also characteristic of Limnodynastes and K. sphagnicolus.
It is here suggested that
P. frosti may produce egg masses in a similar way to Limnodynastes namely, by the
female beating air bubbles into the mucus and eggs with the flanged fingers during the
process of extrusion from the cloaca (Parker, 1940, and unpublished observations by the
present author).
Eggs of Kyarranus are also large and unpigmented with a yolk
diameter of 3-2 and 3-3 mm. in K. sphagnicolus (Moore, 1961).
,

—

* In one individual the call was divided into two parts
the first at 500 and the other at
1050 cps.
Only the last part was used in obtaining the mean and range given above.
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All the p. frosti egg masses collected in the field were in partly flooded burrows in
or under logs and alongside running water. The eggs of K. sphagnicolus were
found in saturated, but not flooded, sphagnum, and those of K. loveridgei in crude nests
in moist loose earth (Moore, 1961).
In both these latter situations, the likelihood of
flooding is remote and Moore considers that the truly aquatic larval stage may be
bypassed in Kyarranus.
While laboratory raised larvae of Philoria were freeswimming, the situation may be different under natural conditions. Until field collections
are made at this stage of the life cycle the question must remain unanswered.

sphagnum

Larval Develojinient and Morphology.

Although a large amount

of yolk was present, cleavage and gastrulation appeared
Eggs, in early cleavage when collected on November 11, were returned
to the laboratory and held at about 20° C.
Tadpoles began hatching nine days later
and were then transferred to a 15° C. enclosure. At this temperature metamorphosis
was reached about 40 days after hatching. Unfortunately the frogs drowned before the
tail was fully resorbed. Two of the most advanced of these had body lengths of 7-8 mm.

to be normal.

and 8-2 mm. respectively. The tadpoles did not feed, were reasonably active swimmers,
and grew rapidly. Yolk was still visible through the body wall at metamorphosis.
At hatching the larvae were creamish-white and completely unpigmented. During
development the dorsal surface became light-brown (PI. xv, fig. 1). A larva at
stage 38 (Limbaugh & Volpe, 1957), and aged 33 days from hatching, had the following
dimensions: Body Length 70 mm.; Tail Length 12-9 mm.; Maximum Body Width 5-8
mm. The spiracle opens close to the ventral surface on the left side and the vent is
median. The mouthparts are rudimentary and consist of the serrated horny jaws and
about 20 oral papillae. No labial teeth were present, but two upper and three lower
later

—

—

ridges could

still

The larvae

be

made

—

out.

and
and do not need additional food (Moore, 1961).
of Kyarranufs are also large

pale,

have rudimentary mouthparts,

Discussion.
It is evident,

when Kyarranus and

Philoria are compared, that the

member

species

of the two genera have very similar breeding biology

and development. All three species
are restricted to high altitudes, lay large unpigmented eggs in frothy masses during the
late spring and early summer, and have initially unpigmented tadpoles. This similarity
is so striking that one is tempted to question the generic status of Kyarranus.
However, until detailed morphological comparisons have been made the present taxonomic
arrangement should remain unaltered.
Of particular interest are the zoogeographic implications of this close relationship.
see a very unusual situation in which three somewhat diiferentiated relict
populations are restricted to specialized montaine environments and are scattered over
about 800 miles. Philoria frosti with its limited geographic range is separated from its
nearest relative K. sphagnicolus by some 650 miles.

We now
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EXPLANATION OF PLATE- XV.
The

scale

is

indicated by the line equivalent to one centimetre in the lower right hand

corner of each photograph.
Figure 1.
Philoria frosti tadpole aged four weeks from hatching
Limbaugh and Volpe, 1957) and grown at 15° C.
Figure 2. Part of an egg mass of Philoria frosti.
Figure 3. Philoria /rosti adult niale.
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DEVELOPMENTAL VARIATION WITHIN THE GENUS
PSEUDOPHRYNE FITZINGER.
M. Jacobsox, iZoology Department, School
University of Sydney.

of

Biological

Sciences,.

(Plate xvi; six Text-figures.)

[Read

2.5th

'

A

September, 1963.1

Sy7iopsis.

comparison is made of tlie development of tlie external features and tlie internal organs
of two species, Pesud02}hryne australis and Pseudophryne hihroni.
The differences are
correlated with the differing enyironments.
'

Introduction.

The standard textbook description

development of the frog's egg is that of
development from many other genera
including the Australian genus Pseudophryne, in which, nine species are recognized.
Only isolated observations on the development of any of these species had been recorded
before the present woxk was undertaken. This paper describes developmental differences
.between |;wo of, the species, P. australis and P. bibroni, and correlates the differences
with adaptations to environments. These two species were originally described together
by Gray (1834) and named BomMnator australis by him. The generic name Pseudophryne was introduced by Fitzinger (1843), but it remained for Gtinther (1858) to
separate the specimens into two species, P. australis and P. hihroni, on the grounds of
the adult colour differences.
Later workers, Fletcher (1893) and Harrison (1922),
confirmed Giinther. The differing habitats and behaviour of P. australis and P. hihroni
have been discussed in a previous paper (Jacobson, 1963).
Rana.

,

differs

It

considerably

in

of the

details

of

,

found on the Hawkesbury Sandstone country of the Sydney district.
chambers dug in the banks of shallow quick-drying pools, where
the water temperature varies only between 17° C. and 23° C.
Snow never falls in this
habitat.
Tadpole development from hatching to metamorphosis in this species takes
In contrast P. hihroni is found throughout eastern Australia, at
about three weeks.
from 2000 ft. to 5000 ft. Its tadpoles inhabit deep, permanent pools which are ofteix
ice-covered in winter, when water temperature beneath the ice can fall to 2° C.
This
species overwinters for four to six months as a tadpole.
In summer, the habitat can
become very hot. When soft banks are present, P. hihroni digs nesting chambers somewhat similar to those of P. australis. In open terrain, however, it lays its eggs loose
in marshy areas. In general, the young stages of P. australis are adapted to a narrow
range of conditions, with a danger of desiccation, while those of P. hihroni can withstarid extremes of temperatures.
.

It

,

P. australis is

lays its eggs in

Materials and Methods.

The material examined included approximately two hundred eggs and two hundred
tadpoles of each of the species, P. australis and P. hihroni, collected in the field, and
approximately sixty eggs of P. australis and approximately five hundred eggs of P. hihroni
laid in the laboratory. P. australis was collected between May, 1959, and August, 1961,
P. hihroni was collected in May, 1960, and
In three localities in the Sydney district.
March, April, May and October, 1961, in five localities in the Australian Capital
Territory. In the laboratory, eggs and tadpoles were kept in 10% Holtfreter's solution,
To examine the effect of temperature on development,
at between 17° C. and 19° C.
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within the gknus pseuuophrync,

were kept at 15° C. and 28" C. from hatching to either
metamorphosis or death. Also, 20 tadpoles of P. bibroni, collected at 2° C. when they
had short posterior limb buds (stage 19), were kept at 18° C. for two days during
transport, and then returned to 1° C. for four weeks. Half of these were then removed
to 18° C. while the rest remained at 1° C. Internal development was observed by fixing
selected stages in formalcohol or Smith's solution, embedding in 56° C. M.P. paraffin,
sectioning at 10;U and staining with Azan.
six tadpoles of each species

Observations.
A. External

Development

at

1H° G.

The

unfertilized egg of P. australis has an average diameter of from 3 to 3-5 mm.,
surrounded by a jelly coat of about 2 mm. The small animal pole is black,
rather than the grey-black described by Moore (1961), and the vegetal region is white
(Pig. 1).
After fertilization, the pigment spreads towards the equator, but no grey
The migrating pigment lightens in colour, indicating a decrease
crescent is visible.
in concentration.
Cleavage begins from four to eight hours after fertilization, and
The first division
the first two divisions are vertical, at right angles to each other.
The second division, however, curves
divides the black animal pole pigment evenly.
towards the circumference so that two large and two small cells are formed (Fig. 2).
One large cell is entirely black, the other large one is two-thirds black, one-third
The third division, which is
white, and the two small cells are entirely white.
horizontal, passes between the black and white areas separating them entirely.
As
cleavage continues, the black pigment remains confined to certain cells, and does not
merge with the paler area until the end of gastrulation (Fig. 3).

and

is

very slow in the vegetal region, so that neurulation does not begin
It is similar to the process in Rana, except
that the embryo remains approximately spherical until stage 15 of the Shumway series
(Shumway, 1940), when the developing neural structures protrude slightly dorsally.
Beyond stage 15, it is not possible to stage P. australis by the Shumway series for Rana.
This is because rapid tail growth changes the shape of the embryo, no external gills
are formed, and intracapsular development continues to a much later stage of development than in Rana. A staging table for P. australis and P. bibroni is given in Table 1.

Cleavage

is

until about 120 hours after fertilization.

The egg of P. bibroni is smaller than that of P. australis. The average diameter
without jelly is 2 mm. It is less densely pigmented than P. australis, but the pigmented
An ill-defined grey crescent is
area extends further towards the equator (Fig. 4).
Cleavage begins two to three hours after fertilization, and proceeds more
formed.
rapidly than in P. australis and the second division forms four cells of equal size. The
most concentrated pigment is again confined to two of these cells, which are adjacent,
but it does not occupy more than half of either (Fig. 5). The third cleavage is closer
to the equator than in P. australis, because of the smaller quantity of yolk (Fig. 6).
Pigment becomes completely blended prior to the end of gastrulation.
Gastrulation is similar in the two species, but differences are again apparent in
In P. australis, the anterior sense plate is similar in size to that in Rana,

neurulation.

In P. bibroni, the neural grooves are very
but in P. bibroni it is unusually large.
narrow and rise very high, and the groove separating the first two visceral arches is
The lobes bearing the cement glands remain
more posterior than in P. australis.
projecting further towards the ventral surface in P. bibroni than in P. australis. This
remains apparent even at stage 17, when the lobes reach their most dorsal position.

At stage 17, when muscular response can be elicited, P. australis has a total length
mm., of which 1 mm. is free head and 2 mm. free tail. The fore and mid
brains are divided by a shallow groove, and the optic vesicles have appeared. Between
During this
stages 17 and 18 in P. australis, there is a growth period of eight days.
time, the eye and heart rudiments appear, the epidermis covers the neural tube, and
Heart beat begins at stage 18, at about sixteen
considerable yolk resorption occurs.
of about 5
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At the same time, teeth, mouth frills and coiled gut appear. This long period
days.
between stages 17 and 18 does not occur in P. bibroni, in which heart beat begins at
about nine days. At this time, the eye lens of P. bibroni is still opaque, and there is
no development of teeth, mouth frills or coiled gut. P. bibroni hatches within a day of
the initiation of heart beat, but P. australis does not hatch for a further ten days.
P. australis then has fully functional eyes and complete tooth rows, and the posterior
limb buds are also present.

MM

Pseudophryne australis showing pigmentation in early stages. Stage
Stage 6, Early cleavage.
4, Four-cell stage.
Pseudophryne bihroni showing pigmentation in early stages. Stage
Text-figures 4-6.
Unfertilized egg.
Stage 4, Four-cell stage.
Stage 6, Early cleavage.
a, black animal-pole pigmentation
b, grey pigmentation
c, unpigmented area.
Text-figures 1-3.

"Unfertilized egg.

1,

Stage

;

1,

;

The newly hatched tadpole of P. australis is approximately 6 mm. long. The dorsal
is dark brown with dorsal and lateral bands of iridescent chromatophores.
The eyes are placed high on the dorsal surface. The ventral surface is transparent
with only a few chromatophores, so that the heart and coiled gut are visible.
The
length of each posterior limb bud equals its own width. The tadpole is actively free
feeding and free swimming, although there are large cement glands. In contrast, the
surface

.
.

.

DEVELOPMEIs'TAL VAKIATIO' WITHIN

280

newly hatched tadpole

of P. bibroni is

eyes are poorly developed,

it

about

5

THE GEiVUS PSEUDOPHRVTS'E.

mm.

The

immature.

long, but Is vei-y

swim

does not actively feed, and will not

unless disturbed,

but remains attached to a blade of vegetation by its large cement glands. There are no
visible chromatophores.
The general body proportions of the tadpoles of both species
remain much the same throughout the stages of development, but the body shapes differ

because P. Mbroni has three large lymph spaces, one anterior and two lateral, which
P. australis lacks.

Table
Stages

l.

and Average Developmental Rates of P.

australis

and P. bibroni.

Average Time from Laying.
^t'l^C

P. australis.

P. bibroni.

(40 animals.)

(100 animals.)

hour

hour

1.

Unfertilized egg

2.

Pigment spread

6 hours

2 hours

3.

Two

7

3

4.

Four

5.
6.

Eight cell
Early cleavage

ceU
cell

7.

Mid cleavage

8.

Late cleavage

9.

Final cleavage

10.

Dorsal

11.

Mid

lip

gastrula

Late gastrula
13. Neural plate
14. Neural fold
15. Late neurula
16. Neural tube
12.

17. Tail
18.
19.

20.

.

'.

.

.

!

'.

:

.

.

bud

Heart beat
Posterior limb bud
Posterior limb bud, L =
.

.

.

21. Posterior foot plate

.

.

Five posterior digits
23. First fore limb
22.

24. Tail resorption begins
25. Tail resorption

complete

W

,,

8
„
10
,.
12
„
14
„
29
,.
33
..
41
„
57
„
81
,.
100
„
127
„
151
„
158
„
179
„
(7-8 days)
386
„
(16 days)
624
.,
(26 days)
26 days, hatch
32 „
40 „
53 „
55 „
60 „

:

..

!

4
6

..

S

10

,.

,

J9
24
33

„

,

'

..

47

L

72

,,

74

,.

78
82
87
98

\

..

„

„
„

(4 days)

9 days, hatch
12 days
23
72
94
120
127
132

„
..

.,

..

..

„

After hatching, P. ausiralis develops steadily without interruption to a

maximum

mm. (PL xvi, figs 1-3). The posterior foot plate expands eight days
when the tadpole also loses the cement glands. By twenty-seven days,

length of about 20
after hatching,

when

the first fore limb erupts, mouth frills and teeth are lost.
One day later the
second fore limb emerges, the orange spots of the adult appear on the dorsal body
surface, and the young toad leaves the water (PL xvi, fig. 3). When it has completely
In
lost its tail about six days later, the body length averages 9 mm. (PL xvi, fig. 4).
P. bibroni, there is more rapid development in the first few days after hatching than
in P. australis.
By the fourth day, the tadpole displays mouth frills, two of the five
By the
tooth rows, functional eyes, dorsal chromatophores and posterior limb buds.
seventh day, the tooth rows are almost complete, resorption of the cement glands has
begun, and the coiled gut is present. The length of the posterior limb bud does not

equal the width until fourteen days in P. bibroni (PL xvi,

fig.

5).

Further development in P. bibroni does not proceed steadily as in P. australis, but
always in a series of growth periods interspaced with quiescent periods.
The two
longest pauses are one of about a week at fourteen days after hatching, and another
of about three weeks at two months after hatching, just after foot plate expansion has
taken place. At this latter time, P. bibroni measures about 2-5 cm. (including tail),
which is about 5 mm. longer than P. australis at the same stage. After the second,
quiescent period, the digits begin to form, and the adult coloration begins to appear as
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a yellow line along the position of the future urostyle (PI. xvi, fig. 6). A yellow mark
also appears between the nostrils, but this fades in most specimens when the anterior
limbs erupt. In general coloration, the P. bibroni tadpole is dark brown and lacks the
iridescent flashes

110 to 120 days.

which are present in P. australis. The first fore limb erupts at from
The second appears within a further twenty-four hours (PL xvi, fig. 7).

At

this time P. bibroni averages 4 cm.
twenty days later, and loses its tail after

To

in
ai

length.
It leaves the water about ten to
further six days (PL xvi, fig. 8).

no information on the longevity or relative age of sexual maturity
Specimens hatched in the laboratory and kept under optimum conditions reached half to three-quarters of the adult size in eighteen months, with no
exhibition of mating behaviour.
On dissection, the testes were small but contained a
few sperm. The ovaries were immature.
date, there is

'

of these species.

i

B. Internal

Development

at 18° G.

Internal development of the two species was observed at the following stages:
A. Eight-day

B. Tadpole

embryo (P. australis, stage 17; P. bibroni, stage 17-18).
which the length of the posterior limb equals twice

in

its

width

(stage 20).

C

Tadpole with expanded posterior foot plate (stage 21).
all four posterior digits formed (stage 22).
E. Tadpole in which the anterior limbs are about to emerge (stage 23).
Only the following major organ systems were observed: the digestive, blood vascular,
excretory, respiratory and skeletal systems, the brain and the olfactory, optic and otic
D. Tadpole with

organs.

Digestive System.
17 in P. australis, the only part of the digestive system differentiated is

At stage

However, such extensive
development takes .place between stages 17 and 20 that the digestive system is subThe pharynx is then extended to form the gut which
stantially complete at stage 20.
The liver has appeared, but remains small
is already so long that coiling has begun.
and is not divided into lobes. More .than 50% of the final number of teeth is present,
and there is a short tail gut. In the, next phase, which carries development to stage 21,
gut elongation and coiling continues, the liver begins to divide into three lobes, the
gall bladder develops, the tooth rows are completed, the mouth frills appear, and the
tail gut begins to shorten.
Finally, at stage 22, the tadpole digestive system reaches its
most elaborate condition, when the gut is about 10 mm. long and is tightly coiled, the
liver has gained its maximum size and is fully lobulated, the mouth frills are complete,
and a remnant of the tail gut remains. At stage 23 the degenerative changes associated
with metamorphosis are just beginning. The tail gut has already disappeared, and the
teeth and mouth frills are being resorbed, but the rest of the system remains as in
the pharynx, which extends to the region of the otic organ.

stage 22.
P. bibroni is little

more than

a late neurula at stage 18.

There

is

a pharynx which

just reaches to the otic region, but the cells of the posterior section are not clearly

Between

defined.

this stage

and the next, even more development takes place than in
system is also established in P. bibroni at

P. australis, so that a functional digestive

stage 20.

It equals

that of P. australis in development, except that the gut is shorter,

and the liver is smaller. At stage 21, as in P. australis, gut
and mouth frills have grown, the gall bladder has
differentiated, and the tail gut has begun to shorten.
However, the liver in P. bibroni
still remains undivided.
The final processes of development which occur between stages
21 and 22 include the further growth of the gut, the commencement of division of the
liyer into lobes, the completion of 'teeth rows and mouth frills, and the loss of the
and therefore
coiling

has

less coiled,

increased,

teeth

gut.
Stage 23 is initiated in P. bibroni well before mfetamorphosis begins.
No
degenerative changes have appeared in the digestive system, and division of the liver
into lobes is not yet complete.
tail
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Blood Vascular System.

At stage 17
the future heart.

in P. australis there is a small

By

the time stage 20

is

mesenchyme condensation at the site of
cell mass has differentiated into

reached, this

two auricles and the truncus arteriosus, but there is little relative
chambers and the heart is almost straight. The heart
is seen with the arterial arches, hepatic veins and posterior vena cava, but it lacks
internal valves and has a smooth, thin ventricular wall.
At stage 21, there is some
slight thickening of the ventricular wall, rudimentary internal ridges are visible and
the

ventricle,

difference in the width of these

commenced so that the ventricle extends to a point just posterior
The size of the ventricle relative to the auricles has increased. The
twisting and enlargement of the heart and the thickening of the ventricle wall continue
through stage 22. They are still not completed by stage 23, although the ventricular
walls have become obviously thick and muscular with prominent internal ridges. Also,
at this stage the inter-auricular septum is formed and the ventricle has come to lie
heart twisting has

to the auricles.

ventral to the right auricle.

In P. bibroni there is no heart rudiment at stage 18, but by stage 20 it is as well
developed as in P. australis. Subsequent development is similar to that of P. australis
through stages 21 and 22 except for a slower process of ventricular wall thickening in
P. bibroni.
At stage 23 the heart of P. bibroni has no inter-auricular septum, but the
ventricular wall is thick and muscular. The internal ridges are not as prominent as in
P. australis,

and the ventricle

still lies

anterior to the auricles.

Excretory System.

At stage 17 in P. australis, there is a well-developed pronephric system with
archinephric ducts. It remains unchanged during stages 20, 21, and even when mesonephric rudiments appear at stage 21 as thin strips of tissue on either side of the midline beneath the peritoneum.
Slight pronephric degeneration begins anteriorly at
stage 22 and is well advanced at stage 23 when further mesonephric development is
apparent.
At this stage, actual mesonephric units and ducts are differentiated at the
anterior end of the tissue strips. In P. bibroni, too, the pronephros is already functional
Mesonephric rudiments are visible at stage 21, but they are shorter and
thinner than in P. australis. Pronephric degeneration is first apparent at stage 22, but
is not as obvious as in P. australis.
Further mesonephric elaboration is also apparent
at stage 23, but once again, is retarded in comparison to P. australis.

at stage 18.

Respiratory System,.

There is no external gill system in either species. In P. australis. internal gills
develop between stages 17 and 20 at the same time as the lung rudiment which appears
as a pocket in the median floor of the pharynx. Some small degree of gill degeneration
is apparent at stage 22 and has become very extensive at stage 23 when the lung
rudiment has been converted to a short closed tube which is beginning to separate

No actual lungs are formed at this stage, although the
system and its associated blood supply is almost completely disrupted. In P. bibroni.
both internal gills and lung rudiment develop at the same stage as in P. australis, but
gill degeneration is not evident until stage 23, and even then it is not far advanced.
The lung rudiment remains small until stage 23 when it elongates slightly but still
consists only of an open pharyngeal pocket.

ventrally into a pair of lobes.
gill

Skeletal System.

In P. australis,
extends to the otic region at
stage 17.
At stage 20, anterior degeneration of these cells takes place, in association
with the development of the parachordals of the skulls. By the time of stage 21, solid
No further
notochordal cells are only present in the posterior third of the trunk.
degeneration occurs during stages 22 or 23. In P. bibroni, the notochord is similar to

The

first

skeletal element present in a tadpole

the notochord, composed of typical large regular

that of P. australis, but the degeneration

is

is

the notochord.

cells,

slower, as skull development

is

also retarded,
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along two-thirds of the trunk at

cells

23.

No mesenchyme
is visible

condensations are present at stage 17 in P. australis, but cartilage

at stage 20 in the skull and in the vertebrae along the anterior third of the

trunk.

Mesenchyme condensations are present

bones.

From

series of complicated

Development

tion.

At stage

at the sites of the future posterior limb

the time of stage 20 the skull cartilages develop rapidly to become a

21 the

is

and highly evolved elements, showing a great degree of specializaslower in P. Mhroni than in P. australis, but is otherwise similar.

cartilage of the vertebrae extends to

mesenchyme of these limbs
femur, and there are mesenchyme masses inside

posterior limbs, the

the level of the bases of the

differentiated into a recognizable

is

the rudiments of the anterior limbs.
vertebrae extend along the whole trunk, all the posterior long bones are
clearly defined and the anterior long bones are outlined.
At stage 23, the vei'tebrae

At stage

22,

have extended along half the

tail

and

all

four

limbs have complete cartilaginous

skeletons.

There

is

no cartilage in P. Mbroni at stage 18 and

it is still

rudimentary at stage

20,

the vertebrae being merely a short series of small, thin plates at the anterior end of the

There are no indications of limb cartilage. At stage 21, the vertebrae extend
along the anterior half of the trunk, but there are still no limb skeletons. However, at
stage 22, the vertebrae extend along two-thirds of the trunk, the posterior long bones are
laid down in cartilage and there are median cell masses in the anterior limb buds. At
stage 23, in P. Mhroni, all four limbs are completely provided with cartilage, but the
vertebrae do not extend into the tail.
trunk.

The Brain.
In P. australis at stage 17, the anterior end of the central nervous system is already
divided into fore-brain, mid-brain and hind-brain. The fore-brain bears small cerebral
hemispheres and a large infundibulum and large epiphysis. The mid-brain bears small
optic lobes.

All three ventricles are large

and the anterior neural roof

is

very thin.

The only apparent brain development which occurs between stages 17 and 20 is a
relative size increase in the cerebral hemispheres and optic lobes compared with the
total brain growth, but much more development occurs between stages 20 and 21, so
by stage 21, the whole brain is greatly swollen in comparison with the anterior
end of the spinal cord. The roof of the brain has thickened at the expense of the width
of the ventricles, the cerebral hemispheres and optic lobes have retained their greater
relative size, and the olfactory lobes and cerebellum have differentiated although both
are small. The sizes of the infundibulum and epiphysis, relative to the rest of the brain,
have greatly decreased. The brain is almost complete, and the only further development
apparent at stage 22 is enlargement of the olfactory lobes and cerebellum. No further
changes are evident at stage 23.
The only brain structures distinguishable at stage 18 in P. Mbroni are the cerebral
hemispheres. There is no division into fore or mid-brain, or hind-brain. Development
of the system is slow compared with that of the digestive system, and at stage 20 the
brain of P. Mbroni has attained approximately the degree of development displayed by
P. australis at stage 17. Fore and mid-brains are separated, and infundibulum, epiphysis,
Generalized growth
small cerebral hemispheres and small optic lobes are present.
occurs between stages 20 and 21, but the whole organ still remains smaller and the
At stage 21 in P. Mbroni, the cerebellum is
tissues thinner than in P. australis.
However, these develop before stage 22 is
present but there are no olfactory lobes.
The brain is now completely formed,
established, and the cerebellum also enlarges.
that,

but

it

does not attain

its full size until

stage

23.

/Sense Organs.

at stage 17 of P. australis. At stage 20,
the passages from external to internal nares, with the associated rupture of internal
Thickening of the walls of these passages
nares into the pharynx, are established.

The external nares are already invaginated

.
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occurs between stages 20 and 21, with general elaboration of their epithelium and
At stage 21,
further expansion of the inner walls to form the organs of Jacobson.
these organs are already fully developed and are in contact anteriorly with the tracts

from the olfactory lobes of the brain, which have been differentiated since stage 20.
The olfactory organs are thus completely developed at stage 21 in P. aust7-alis. There
is

no indication of these organs in P. hihroni at stage

18,

but they develop quickly

thereafter so that the nasal passages are completely formed at stage 20 although the

They are thus equivalent in development to P. australis. At
walls are unthickened.
stage 21, the epithelial walls are thickened and the organs of Jacobson are present.
However, these organs remain small until stage 22 when the olfactory lobes of the
brain develop. They then increase in size, contact the tracts from the lobes, and the
olfactory organs are complete.
The eyes are

By

formed at stage 17

fully

of P. australis, but the corneas are opaque.

stage 20, however, the eyes are functional.

In contrast, the optic organs of P. bibroni

merely indicated by a pair of cell condensations.
tion proceeds rapidly and there are functional eyes at stage 20.
at stage 18 are

Table
Effect of

However,

differentia'

2.

mi Increased Temperature {2S° C.) on Development of Tadpoles of P. imstralis and
P. bibroni.

Abnormal mouth

(Six tadpoles of each species.)

frill

Loss of teeth
Lightening of chromatophores
Acceleration of posterior limb-bud growth
.

Abnormal

.

foot plate

.

.

.

Number

of Tadpoles Affected.

P. australis

P. bibroni.

6

6

6

6

4

3

6

6
2

6

(remainder died
before this stage)

The rudiments of the otic organs are present at stage 17 in P. australis as a pair
small single vesicles.
A slight indentation in the dorsal wall of each indicates
the position where a future first division will form two chambers.
This division has
been completed by the time of stage 20 and a further partial division in the larger
chamber indicates the beginning of the formation of the third chamber. This final
division occurs between stages 20 and 21, so that the otic organs are fully formed at
stage 21. In P. bibroni, the first pair of vesicles is present at stage 18, but there is no
indentation in either wall.
However, at stage 20 there are two chambers on either
of

side.

much

There are also partial divisions indicating the third chambers, but these are
shallower than in P. australis at this stage. By stage 22 the organs are complete.

Temperature on the Developinent

C. Effect of

The

of P. australis

and

P. bibroni.

six newly-hatched tadpoles of P. australis only survived at 15° C. for

and during

two days,

was no apparent growth or development. At 28° C. they
survived for from 7 to 13 days, showing the following abnormalities: mouth frills
became irregular in shape and partly degenerate; the teeth decreased in number; the
chromatophores lightened in colour; the posterior limb buds showed accelerated elongation and developed premature, irregularly shaped foot plates (Table 2).
Apart from
the chromatophore effect, these changes are indicative of accelerated although abnormal
this time there

development.
In P. bibroni. there was no apparent reaction to the lowered temperature of 15° C,
and these tadpoles metamorphosed normally at about six months after hatching. At
28° C, the tadpoles survived for about seven days after hatching.
There was an
increased rate of development which was most apparent in limb bud growth, but all
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specimens were markedly abnormal (Table 2). The developmental acceleration seemed
to be due to shortening of the latent periods, but since only six animals were observed
there

is

insufficient evidence to be sure of this.

Twenty stage 19 tadpoles of P. bibroni which were kept at 1° C. remained almost
inactive. The heart beat decreased from a normal rate of about 40 per minute at 18° C.
to about 25 per minute.
They did not feed and burrowed into sand and vegetation at
the bottom of the dish.
When disturbed, they did not swim unless the disturbance
(touching with a brush) was continued for several seconds.
Development proceeded
normal pattern for four weeks and the tadpoles were then at about stage 21.
Development then halted. Half the tadpoles were then removed to 18° C. in an attempt
to approximate to normal spring conditions.
The remainder continued with no further
development for about two weeks when they all died. There was also a high death, rate
in the tadpoles removed to 18° C, but the survivors continued to develop, alhough the
process Was abnormal and none survived to metamorphosis. The temperature change
was extremely abrupt. No examination was made of the internal development of these
in a

tadpoles.

Discussion.

Young

stages of P. australis live in a precarious environmeint, w:here desiccation

would overtake a species with a long tadpole stage, but where the temperature remains
uniformly high. In contrast, the young stages of P. bibroni are not in any danger of
desiccation at any time during the breeding season, but experience freezing temperatures.
All the major differences in developmental processes appear to be correlated with these,
environmental differences.

remains inside the egg coat for three times as long as does P. bibroni,
hatches as a highly advanced tadpole able to search for food at once.
P. bibroni hatches at a very immature stage, still dependent on yolk for food, and
with organ systems hardly initiated. The P. bibroni condition seems to be commonest
among Australian Anuran species, so that the advanced hatching condition of P. australis
P. australis

and

finally

would seem

to

hatching

facilitated

The advanced stage of development at
by the long growth period through which P. australis, passes
between egg stages 17 and 18. This does not occur in P. bibroni. B. xnistralis also has
an unusually large egg, with great yolk reserves, while the egg of P. bibroni is only a
little more than half the size.
P. bibroni is thus forced to pass through the early
stages of development faster than the other species (Table 1).
is

be fairly unusual specialization.

Once hatched, P. bibroni does not develop

steadily,

but

development

accelerated in those organ systems which are essential for tadpole

The

life,

is

while

greatly
it

lags

and nervous systems draw level in
development with those of P. australis quite quickly. The skeletal and some sensory
systems mature much more slowly.
in others.

digestive, blood vascular, excretory

The introduction
P.

bibroni

is

of

the

quiescent

periods

into

the

developmental

pattern

of

partly responsible for the great difference in tadpole developmental time

between the species. Actual time for P. bibroni is about 100 days, as against about 60
days for P. australis. but the quiescent periods account for approximately another 30
days, so tiding the species over the winter.
These breaks in development can be
correlated with periods of greatest physiological and environmental stress.
The first
major one appears about 14 days after hatching, after the end of the initial growth
spurt which has transformed the hatched embryo to a free living tadpole. The second
occurs between stages 21 and 22, when digestive, neural and blood vascular systems
have developed very rapidly to equal approximately those of P. australis. There would
seem to be a relationship to the long growth period of P. australis between egg stages
17 and 18, when digestive and blood vascular systems are also greatly elaborated. The
two quiescent periods of P. bibroni occur, in the field, in May-June and in AugustSeptember. In normal years, snow falls during the first period, and the pools become
iced over.
The temperature drops markedly, and the food supply becomes restricted
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underwater vegetation.

to the

when

the temperature

becoming suitable
food

:

is

is

The second period is close to the end of the winter,
Conditions are
and the ice is beginning to melt.
growth spurt, when more energy is required but more

rising

for the final

not yet available.

The developmental

differences between P. australia

and P. hibroni provide interesting

data on the concept of heterochronous change among Amphibia. Both these species of
Pseudophryne can suspend development, apparently indefinitely, at the immediate prehatching stage until the egg is immersed in water. This occurs at different stages of

development in the two species. Marked differences in developmental rate are apparent
both between organ systems within an individual in either species, and between the
same organ systems in the two species. Such evidence indicates that it is hardly valid
to make any assumptions about normal developmental rates of Amphibia unless very
specific environmental conditions are stated.
The correlations of the differences
observed in Pseudophryne with the specific environmental stresses are quite apparent.
It would seem that heterochronous change has been utilized by this genus as a major

mechanism

in speciation.
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EXPLANATION OF PLATE

XVI.

Tadpoles of P. australis at stages 20, 22, 24. Lateral views. 4, Adult of P. australis.
Dorsal view showing the orange head spot and orange stripe on urostyle. Length 15 mm. 5-7,
8, Adult of P. bibroni showing
Tadpoles of P. bibroni at stages 20, 22, 24. Lateral views.
brown dorsal surface. Length 18 mm. A mm. rule is included in Figures 1-3 and 5-7.
1-3,

RATES OF DEVELOPWIENT IN EGGS FROM THREE POPULATIONS OF
DIDYMURIA VIOLESCENS (LEACH) (PHASMATODEA).
By

E. Shipp, University of

New

[Read 25th September,

South Wales

19fi3.]

Synopsis.

Egg samples were

obtained from populations of Didymuria violescens at Mt. Warning
(near the coast at the border of New South Wales and Queensland), Jenolan (Central Highlands, N.S.W. ) and Kiewa (Highlands, north-east Victoria).
The eggs were maintained as
follows: (o) under three sets of temperature conditions, having both diurnal and seasonal
variations, with periodic moistening; (&) as for (a) but without moistening; and (c) under
constant temperature conditions.

Under the influence of the varying temperature conditions the Mt. Warning eggs hatched
during the first spring after oviposition, while of both Kiewa and Jenolan eggs the majority
hatched during the second spring.
The course of egg development may vary between two
extremes, one without any noticeable interruption of morphogenesis and hatching, other than
that caused by temperatures below the threshold of development (Mt. Warning), and the
other generally with two firm and separate diapause states (Kiewa).
Rates of development and hatching of eggs with no added moisture were similar to those
of eggs maintained under the same temperature conditions but with periodic addition of water.

Under constant temperature conditions Kiewa eggs completed pre-embryonic diapause
over the whole range tested, i.e. 40° F. to 70° F. Morphogenetic development was completed at
60° F. and 70° F., while at 55° F. it proceeded more slowly.
As indicated by hatching, postembryonic diapause was completed in about 30% of eggs held at 60° F. and a few of those at
55° F. but not at other temperatures.
Intkoduction.

Didyniuria violescens (Leach) is a species of stick insect (Phasmatid) which has
occurred in plague numbers in some eucalypt forests in south-eastern Australia. It has
been found mainly in highland areas, from Victoria to Queensland. The general biology
of this species has been described by Campbell (1960). In this paper it is assumed that
the three populations are of the same species, pending a revision of the genus Didymuria.

summer and autumn except for Mt. Warning
The nymphs emerge from the eggs during spring,

Oviposition takes place during late

where

it

occurs earlier (Dec. -Feb.).

Campbell (working in the Southern
Highlands of New South Wales) showed that in the field most of the hatching occurred
during the second spring after laying. Hadlington and Shipp (1961) obtained eggs from
a population at Jenolan, in the Central Highlands, and kept them in Sydney at room
temperatures. Approximately 60% of these eggs hatched during the first spring after
More than 50% of the original
oviposition and 27% emerged the following spring.
number of eggs failed to hatch. Eggs kept at a constant temperature of 76° F. failed to
A general description of embryogenesis
hatch although embryogenesis took place.
has been given by those workers.
either in the year of laying or in subsequent years.

In this

investigation

known temperatures with

eggs

from three widely separated

localities

were kept

at

the object of determining inherent differences in rates of

development and hatching between these populations.

Materials and Methods.
(a)

Sources of eggs.

The eggs used represented three

district populations,

one at Kiewa in north-eastern

Victoria, another at Jenolan in the central highlands of New South Wales, and the third
from Mt. Warning near the coast on the border of New South Wales and Queensland.

Proceedings of the Linnean Society of

New

Soitth Wales, 1963, Vol. Ixxxvlii, Part
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3', initially there being 50 of each sex
At Kiewa adults were kept in cages, 3' x 3'
per cage, and the eggs and trass from them were collected at fortnightly intervals,
-.

placed in tins, and sent by air to Sydney.

Adults and final instar nymphs were collected from Jenolan and kept in cages at
Sydney. A total of 28 females and 37 males were held in a cage measuring 18" x 18" x 24",
and a further 10 females and 6 males were kept in a smaller cage.
Adults obtained from Mt. Warning were also kept at Sydney, about 30 individuals
maintained in an 18" x 18" x 24". cage.

of each sex being

Table

1.

Holding Tempemtuies showing Diurnal and Seasonal Variations

" High."
Day/Night.

'

'

(

b

)

Summer
Autumn

'

Winter

'

Spring

",

Nov.-March

",

April

",
",

.

May-August
Sept.-Oct.

"

{^'F.).

" Low."

Medium."

Day/Night.

Day/Night.

70-60
60-55
45-40
60-45

75-60
70-55
55-45
70-55

70-55
55-45
45-35
55-35

Treatment of eggs.

The eggs
(4 oz.) with loosely fitting lids were used as containers.
were divided into batches of 350, and a batch was placed in each container together
with 100 gm. oven-dried sand moistened with 1 ml. of water. The sand had previously
beeii' sieved to pass through a 14 mesh sieve which would hold back the eggs. Each time
an egg sample was removed a further 1 ml. of water was added to each container.
;

Plastic jars

The containers were then sent by air to Canberra and were placed in constant
temperature rooms belonging to C.S.I.R.O., Division of Entomology. The three sets of
temperature conditions shown in Table 1, and referred to for convenience as "High",
"Medium" and "Low", were selected to approximate to those obtained in the three
regions.
Eggs from each region were subjected to each set of temperatures, being
moved morning and evening to provide diurnal as well as seasonal variations.
Table

2.

Oviposition Periods.

Locality.

Kiewa

Group.

A

to I

J to

Jenolan

A
B
C

D
Mt. Warning

A
B

R

Period.

4/

2/60-18/2/60

18/ 2/60- 3/3/60

31/ 1/60- 9/2/60
9/

2/60-20/2/60

20/ 2/60- 6/3/60
3/

3/60-11/4/60

14/12/59- 5/1/60
5/ 1/60-18/1/60

C

18/ 1/60-27/1/60

D

27/ 1/60- 7/2/60

E

5/

2/60-17/2/60

Containers of eggs from the same oviposition period (Table 2) were designated in
groups of three by the same letter of the alphabet. One of each such group was placed
There was a total of fourteen groups of Kiewa eggs, four
at temperature treatment.
groups of Jenolan eggs and five groups of eggs from Mt. Warning.
In addition, two groups of Kiewa eggs subjected to the same three temperature
treatments were held in dry sand throughout the entire period.

Other Kiewa eggs were held at constant temperatures. Three batches, each of 350
An
were kept at 40°, 55° and 70° F. respectively for the entire two years.

eggs,

.
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additional two batches were kept at each of the temperatures 40°, 45° and 50° F. until
December following oviposition, and then transferred to 55°, 60° and 70° F.

the

respectively for the following year.
(c)

_

,

'

Sampling.

'

'

Eggs that had been set up from January to May, 1960, were sampled in May, August
and December, 1960, and again in May and August, 1961. The first May and August
samples were designed to determine the amount of embryonic development occurring
prior to and during the first "winter", leading to emergence during that spring. Since
the expected hatching period was from October to December, the December sample was
The same procedure
to detect the number of developed embryos that failed to hatch.
was followed during the second year.
had been intended to take 50 eggs from each container for each sample,
for the first two samplings.
After the first hatching period it was
apparent that so many nymphs had emerged in some containers that the plan should
be modified a smaller sample taken of only sound or unhatched eggs, the number
varying from 5 to 20 depending on magnitude of hatching.
Initially

and

this

it

was done

—

Table

Mean Hatch and Standard

3.

Errors for Eggs Held at Three Temperature
Treatments.

Expressed as percentages of total eggs.

Mean Hatch
Temperature
Treatment.

First

Year

1960.

i[t.

Warning

.

86-9±2-2
84-6±l-8

High

Medium

.

Low
.T;>nolrtn

.

.

.

_

Kicwa

.

76-0n:2-5

The eggs were

Error.

Second Year,
1961.

<1%
<1%
<1%

High

7-8±2-4

52-3±7-9

Medium

4:-5±0-l

49-6±90

Low

5-3±2-l

52-9±6-5

High

12o±31

78-5 + 4-0

70±2-0

78-6±3-2
82-0±2-3

Medimu
Low

later.

%) and Standard

.

.

.

71r:l-2

either dissected immediately after sampling or fixed

Initially the caps

were taken

off

and dissected

the eggs, showing the embryos that were in

In those eggs not showing embryos through the opercular opening,
was completely removed to observe early embryogenesis. The colour
of the yolk in Mt. Warning eggs changes from yellow to orange as soon as the embryo
begins to develop, making dissection unnecessary.
late catatrepsis.

the hard chorion

Results.

A summary

of the

means

hatching is given in Table 3. A
given under the "Area" subheadings. The hatching
In many cases the hatching periods encompass the

of percentages of eggs

detailed account of these results

is

periods are given in Table 4.
December, 1960, sample, and eggs in advanced development at that time
the point of hatching or

may

may

be on

be about to enter post-embryonic diapause.

In the tables of embryogenesis the percentages shown refer to eggs in advanced
development, except that figures in brackets refer to earlier stages.
(a) Mt.

Warning

eggs.

of eggs showing onset of embryogenesis, and advanced development, formed a graded series from "High" to "Low" temperatures .in May and August,

The proportion
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1960 (Table 5).

from

Similar graded series were formed within each temperature treatment
eggs.
By August, 1961, some of the eggs that had failed to

to later laid

first

develop during the first season had reached late catatrepsis.
Hatching during the first spring (1960) ranged from a mean level of 76% in eggs
held at "Low" to 87% for eggs held at "High" temperatures. There was approximately

1%

hatching during the second spring (Table 3).
Table

4.

Duration of Hatching Periods for the Three Populations at Each Temperature Level.

Second Hatching,
1960- 61.

First Hatching;,

1960- 61.
Mt. Warning

.

High

6 Sept.

Medium

1

Low
High

Jenolan

Medium

Kiewa

(H

March

to

9 April

21 Dec.

to

4

2 Oct.

to

2 Dec.

May
4 Sept.

to 25 Oct.<"

to 16 Dec.

9 Oct.

to

to 19 Jan.

14 ICov.

to 12 Dec.

7 Feb.

28 Aug.

to 12 Oct.'"

Low

28 Nov.
3 Jan.

High

6 Oct.

to

Medium

3 Dec.

to 31 Jan.

6 Oct.

to 12 Dec.

20 Dec.

to 23 Feb.

13 Nov.

to 14 Dec.

Low
'"

to 26

Oct.

The incubator overheated on

4 Dec.

25/10/61.

(b) Jenolan eggs.

In eggs held at "High" temperatures no detectable embryogenesis occurred between
May, 1960, and the first hatching period (October-December, 1960) (Table 6). Eggs
held at "Low" temperatures underwent embryogenesis in December, 1960, just prior
The time of embryogenesis at "Medium" temperatures is less clear.
to hatching.
Table

5.

Embryogenesis and Hatching, Expressed as Percentages.

Mt. Warning.

1960.
First

A
B

High

C

D
E
A
B

Medium

C

Aug.

Hatch.

70 (20)
28
18
6
10

56 (18)
66 (20)
78 (16)
70
60

78-8
84-9

40

93 1
90-6
86-9

20
20 (20)
20

60
20
20
20
40

56 (26)
10
14

40 (32)
34 (50)

850

70

24

87-5

70

14 (64)
2 (64)

900

90
70
50 (20)

20
10

60
90
90
70
40

10

D

4

E

A
B

Low

Dec*

May.

2 (76)
4

(62)

79-2
81-3

(80)

72 5

2

C

D
E
*

See

t

The incubator overheated

79-2
84-6
75-8
67-9

May.

Aug.

(0)

Second
Hatch,
t

<1

(10)

20

2

60
20

2

20
20

(0)

10

(10)

1

1

<1
<1

20
80

(10)
(30)

3
1

tc.\t.

(25/10/61) before hatching occurred in "

High " eggs

in the

second year.

Embryogenesis leading to the second hatching took place before May,
majority of eggs showing early stages of development by December, 1960.
Hatching during the

first

spring was approximately

the second (1961) spring appi'oximately

5% (mean

50% hatched (Table

3).

1961,

level), but

the

during

Within each tempera-
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ture treatment a higher percentage of eggs hatched from those oviposited

those laid later, in both the

Kiewa

(c)

first

first

than

and second hatching periods.

eggs.

No embryogenesis was detected in eggs held at any of the temperature levels until
December, 1960, when a high percentage were found to be in early stages of embryonic
development, and a few were in a state of advanced development at all temperature
(Table 7).
By May, 1961, the development of the eggs generally was well
advanced.
levels

Table
Jenolan.

6.

Embryogenesis and Batching.

Expressed as Percentages.

1960.

1961.
First

High

.

.

May.

Aug.

Hatcli.

A
B

14

16

4

4

C

4

6

13-5
3-5
6-5

Dec*

D
Medium

A

2

B

2

4-8
4-3

40

C

D
A

Xow

Aug.

70

90
60
40
20

66-7
65-7

0(85)
0(50)
5(55)
5(10)

70
30

0(55)
0(40)
0(45)
0(25)

80
70
40
30

70

72-4

60
20

57 6

60

45-2
23-3

0(75)

80
60
80
40

90
30
60
20

66-7
55-2
58-1
31-7

11-3
2-2

15 (35)

C

70

5(55)

D

0-8

B

Second
Hatch.

May.

60

49

27-6

Approximately 10% of eggs hatched at all temperature levels during the first
However, a smaller
(1960) and 80% hatched during the second (Table 3).
percentage of eggs from the first oviposition period (replicates A-I) than of later eggs
In the second hatching
(replicates J-P) hatched during the first "spring" (Table 7).
period the proportions were reversed.
"spring"

Kiewa.

Hatching and Embryogenesis in Eggs Laid from 20 Jan. to IS Feb. (A-I) and from 18 Feb.
(J-P). Expressed as percentages.

Mean Hatch and Standard Error (%).

Year,

(Range.)

1960.

High

Medium

Low

*

5-9±0-71

Year,

March, 1960

Embr;oogenesis.

Second

First

Replicates.

to 3

1961

1960.

(Range.)

Dec*

1961.

May,

Aug.

A-I

(7)

20 -8

±3 -23

67-9±301

(85 -1-93 -3)
(52 4-80 9)

0(96)
4(88)

92

(7)

(3-3- 8-2)
(8 -6-35 -9)

88-0±l-01

J-P

96

96
92

A-I

(7)
(7)

1-9 ±0-54
10-7±l-26

(0-7- 4-3)
(8 •6-17 -9)

85-8±l-74
70-5±l-54

(79 1-94-1)
(64 1-75 -6)

(92)

J-P

20 (60)

92
95

86
82

A-I

(7)

(2-5-11-4)
(6 -2-15 -2)

(68 -9-95 -6)

(7)

5-2±103
10-2±109

830±3-25

J-P

75-4±2-95

(60 9-86 0)

84
84

88
92

•

4 (44)

22

(8)

See text.

Kiewa eggs held without added moisture.
The results relating to both embryonic development and hatching (Table 8) fall
within the ranges of the results obtained for eggs oviposited in the same periods and
(d)

c
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No embryogenesis was detected
held at the same temperature treatments (Table 7).
December, 1960, and in May and August, 1961, from 70 to 100% of eggs had
embryos in advanced stages of development.

until

(e)

Kiewa eggs held

at constant temperatures.

No embryogenesis

w^as observed in eggs held at 40°, 55° or 70° F. until

December,
At that time advanced
development was detected only in those eggs held at 70° F. At this temperature the
percentage of eggs in late catatrepsis rose from 90% in December to 100% in May. At
1960,

i.e.

after 10

months

at those temperatures

Table
Kiewa.

Embryogenesis in Eggs Held

at Fluctwtting

(Table 9).

8.

Temperatures ivithout Added Moisture.

Expressed as

Percentages.

1960.

1961.

Rep.

May.

Aug.

Second
Hatch.

(100)

90

(80)

90

100
90

88-0
57-3

(100)

100
100

80

84-1
68-2

90
100

100
80

First

May.

Aug.

Hatch.

F

High

3-3
32-7

R
Medium

Low

Dec.

F

1-3

E.

12 9

10

r

4-6
12-5

40

n

(60)

(30)
(0)

70

85-5
74

-.5

Figures in brackets represent early stages of embryogenesis.

Table
Kiewa.

9.

Embryogenesis at Constant Temperatures.

Expressed as Percentages.

1961.

1960.

Temperature.

May.

Dec.
70° F.
55" F.

90(0)
0(0)

40° F.

0(0)

(Number of Nymphs.)

Aug.

100
30

100
30

1

(27/2/61)

2 (incubator overheated

25/10/61)

0(30)

Nil

Table
Kiewa. Embryogenesis in Eggs Held
Higher (Constant) Temperatures.

at Constant

Expressed as Percentages.

50° F.
45° F.

Number

of Replicates.

2.

1961.

1960.

Temperature.

10.

Temperatures (10 Months) Before being Placed at

Dec.

Temperature.

May.

Aug.

70° F.
60° F.

95
100

95
90

(Number of Nymphs.)
1

(15/4/61)

189

(

= 32%)

_

(25/8/61-23/1/62)
40° F.

55° F.

35

60

2 (18-8

+ 6/10/61)

(ineubatoi- overheated
2,5/10/61)

more than 30% of the eggs reached a late stage of development during the
time of the experiment, and this percentage had done so by May, 1961. No eggs reached
advanced development at 40° F. in the period of observation.

55° F. no

Only one nymph emerged at 70° F. and none at 40° F. Of the eggs at 55° F. only
two hatched before the incubator accidentally overheated (25/10/61) and no further
results were obtained.

BY

29S

SHIPP.

E.

Kiewa eggs were also held at 40°, 45° and 50° F. for 10 months before being transNo embryonic developferred in December, 1960, to 55°, 60° and 70° F. respectively.
ment was observed until after this transfer, i.e. in May, 1961 (Table 10). By this time
were in a state of advanced development except at 55° F. where
only 35%.
However, at this temperature embryogenesis continued and
in August the percentage had increased to 60%.

90-100%

of the eggs

there were

One nymph emerged at 70° F., 189 (or 32%) emerged at 60°
had emerged by the time the incubator overheated (25/10/61).

F.,

while at 55° F. two

Discussion.

—

Development in phasmatid eggs may be considered in three parts pre-embryonic
diapause, embryogenesis and post-embryonic diapause.
In Didymuria violescens the
range of temperatures in which each stage of development can proceed, and the optimum
temperatures, are as yet undefined.

Examination

of eggs

known temperatures,

from populations at Mt. Warning, Jenolan and Kiewa, held at

indicates that there are genetically controlled differences between,

eggs from these areas. The course of egg development may vary between two extremes,
one without any noticeable interruption of morphogenesis and hatching, other than that
caused by temperatures below the threshold of development (Mt. Warning), and the
other generally with two firm and separate diapause states (Kiewa).
Environmental
factors that predispose eggs towards one or other of the two extremes will vary in
different parts of the insects' range. In some way the genetic makeup of the highland
form favours diapause and that of the lowland or coastal form does not.

Pre-embryonic and post-embryonic diapause development proceeded in eggs from
each area in proportions that were unaffected by the temperature treatment used. The
rate at which diapause development proceeded was not determined. The time at which
embryogenesis was initiated depended on the temperature being within the range for
this development after the completion of diapause development.
Differences in percentages of eggs hatching, due to the three temperature treat-

ments used, are relatively minor (Table

3),

but differences due to period of oviposition

are of a larger order for Jenolan (Table 6) and Kiewa (Table 7).
proportion of Jenolan eggs which hatches decreases progressively from
In

to later periods.

Kiewa eggs

period, but the relationship

occur in hatchings of Mt.

is

oviposition

a similar relationship holds for the second Iiatchiiag-

reversed for the

Warning eggs

first

period.

The minor

differences that

indicate that eggs laid at the height of the

oviposition period hatch in greater numbers, during the
at

Each year the
first

first

"spring", than eggs laid

any other time.

The addition of moisture to the sand surrounding the eggs had no effect on diapause,
embryonic development or proportions of eggs hatching. Nymphs were less able to
emerge successfully when dry than when moistened.
Pre-embryonic diapause development proceeds in Kiewa eggs at constant temperatures over the entire range tested, i.e., 40°-70° F. Embryogenesis proceeds at constant
temperatures from 55° to 70° F., but at 55° F. embryonic development occurs in a

greater proportion of eggs that have previously been held at 40° F. than at 55° F. As
hatching occurred at a constant temperature of 60°, and perhaps also 55° F., it appears
that the second, or post-embryonic, diapause may be completed at these temperatures
Clarification of the relationship between temperatui'e and
thought not at 70° F.

diapause development must await further investigation.

Acknowledgements.
indebted to Mr. P. Hadlington, of the Forestry Commission of New
South Wales, and to Mr. L. R. Clark, Division of Entomology, C.S.I.R.O., Canberra, for
their valued avice and their helpful criticism of the manuscript. Mr. E. Lewis, Division

The author

is

of Entomology, devoted considerable care

and attention

in

maintaining the eggs at the

RATES OF DEVELOPMENT IX EGGS OF DIDYMURIA VIOLESCENS.

294

Mr. H. H. C.
required temperatures, and this assistance is gratefully acknowledged.
Williams, State Electricity Commission of Victoria, is to be thanked for arranging to
obtain the eggs from Kiewa through Mr. R. Newman.
References.

—

CampbelLj K. G., 1960. Preliminary studies in population estimation of two species of sticlc
insects (Phasmatidae-Pliasmatodea) occurring in plague numbers in highland forest areas
Proc. Linn. See. N.S.W., 85 121-14.
and Shipp^ E., 1961. Diapause and parthenogenesis in the eggs of three
268-279.
species of Phasmatodea. Proc. Linn. See. N.S.W., 86
Less, A. D., 1955. "The Physiology of Diapause in Arthropods." Ca/niliridge University Press.
of south-eastern Australia.

Hadlington^

p.,

—

:

—

:

295

A NEW SPECIES OF BRITTLE-STAR (ECHINODERMATA, OPHIUROIDEA) FROM
NORTHERN NEW SOUTH WALES.
By

R. Endean,

Department

of Zoology, University of Queensland.

(Plate xvii;

one Text-figure.)

[Read 25th September, 1963.]
Synopsis.

Ophiocoma alternans,

sp.

nov.,

from northern N.S.W.

is

described and figured.

Amongst echinoderms collected at Hastings Point near the New South WalesQueensland border were specimens of an undescribed species of Ophiocoma.
Family Ophiocomiuae Ljungman,
Genus Ophiocoma Agassiz,

Ophiocoma alteknans,

sp.

1867.

1836.

nov.

average length of arms, 75 mm.
Disc: The disc is essentially circular in outline but a slight cleft is present at each
interradius.
Coarse granules cover the upper surface of the disc and hide the radial
shields.
The granules are more crowded near the margin of the disc than they are
near its centre. Thus there are approximately 20 granules per square mm. near the
centre of the disc and approximately 30 granules per square mm. near its margin.
Distally, interradial areas on the lower surface of the disc are well covered with
similar granules, but proximally the granules become enlarged and pointed. A small
area of the disc on the interradial side of each genital cleft is devoid of granules
and small overlapping scales are exposed. A single row of pointed granules is found
along the interradial border of each genital cleft, and the distal edge of each oral
The genital clefts are long, extending almost
shield is fringed with such granules.
The oral shields are ovoid in outline, but tend to possess a
to the margin of the disc.
straight proximal edge. The adoral plates are longer than wide and are well separated
from each other. There are three oral papillae on each side of each jaw. The first oral
papilla is wider than high, curved, and is the largest of the three.
The second oral
papilla is small and blocklike, and the larger third papilla is pointed.
A cluster of
tooth papillae is present at the apex of each jaw. Oral shields, adoral plates and oral
papillae are covered with very fine granules.

Dimensions: Disc diameter, 21 mm.;

Arms: Near the

each lower arm-plate is wider than long and is shaped as
the distal border being convex, the proximal border straight
and the lateral borders concave. Towards the tip of each arm the lower arm-plates
become longer than wide.
The lower ends of each pair of lateral arm-plates are
interposed, to some extent, between the lower arm-plate of their arm-segment and the
lower arm-plate carried on the preceding arm-segment.
This narrows the area of
contact between successive lower arm-plates.
Near the disc, each lateral arm-plate
Distally, the innermost tentacle
carries two tentacle scales which are equal in size.
scale becomes smaller, then disappears, only a single tentacle scale being carried by
Each lateral arm-plate bears at least three
arm-segments near the tip of each arm.
stout arm-spines which are curved away from the disc.
The lowermost arm-spine is
compressed laterally and is about two and one-half times the length of the arm-segment
which bears it. The next arm-spine is similar but slightly longer. The uppermost armdisc,

illustrated in Text-figure

1,
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cylindrical and three to four times the length of the arm-segment

it is carried.

Many

most arm-spine

is

upon which

lateral arm-plates carry four arm-spines.

swollen, elongated

(

about

five

times

tlie

In such cases the upperlength of the segment which

and directed towards the tip of the arm. These arm-spines are, for the most
part, cylindrical, but an occasional spine is slightly enlarged distally.
Near the disc
each arm-segment bears two of these swollen arm-spines, one to each lateral arm-plate.
Distally, the swollen spines are usually carried on alternate sides of each arm, one spine
l)eing present on one of the lateral plates of every second successive arm-segment. The
upper arm-plates are fan-shaped and broader than long. Proximally, successive armplates are contiguous, but distally they are separated by upward extensions of the
All the arm-plates and arm-spines are covered with very fine
latei'al arm-plates.
bears

it)

granules.

The upper surfaces of the arms
Colour: The upper surface of the disc is black.
are irregularly banded with purplish-black and greyish-brown. The lower surfaces of
the arms are brownish. All the arm-spines are indistinctly ringed with purplish-black.
The lower arm-spines are greyish, and the upper arm-spines are greyish-brown. The
colour fades only slightly in alcohol.

Text-flg".

Types:

1.

Holotype, No. J7344;

O. alternans, sp. nov., adoral aspect.

23

paratypes,

All

are in the Australian

Museum,

Sydney.

Type

locality:

Hastings Point, northern N.S.W., under boulders in rock pools near

I..W.N. (16/4/1961).

Variation: The 24 specimens collected range in size from 17 to 24 mm. in disc
diameter and have an average size of 21 mm. The avei'age length of the arms is 3-6
times the disc diameter.
The average number of granules per square mm. near the
centre of the disc is 19 and near the periphery of the disc the average number is 30.
The oral shields vary from almost circular to subpolygonal in outline. Two specimens
possess five spines on arm-segments near the disc, and five specimens possess three
tentacle scales on arm-segments near the disc. Usually, swollen arm-spines are carried
by both members of each pair of lateral plates on the first six arm-segments distal to
the disc. Then the swollen arm-spines are usually carried on alternate sides of each
These spines are never
arm at intervals of two, sometimes three, arm-segments.
clavate, but occasionally possess slightly swollen tips.
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the possession of sphei'ical granules on the upper surface

on the lower surface of the disc and a
dark variegated colouring, 0. alternans belongs to a group of Ophiocomas designated
the scolopendrina group by Clark (1921).
It is closely related to both 0. erinaceus
Muller and Troschel and 0. scolopendrina (Lamarck). However, it can be distinguished
from both these species by the following features:
of the disc, partially bare interbrachial areas

1.

The granules on

the upper surface of the disc are not as coarse in 0. alternans

as they are in the other two species.
2. The greater part of each interbrachial area is covered by granules in
whereas such areas are usually devoid of granules in the other two species.
3.

The

size,

from those of

shape and arrangement of the arm-spines in

0. erinaceus

4.

The coloration

5.

The arms

and

0.

0.

aUernans

alternans differ markedly

0. scolopendrina.

is different.

of 0. alternans are shorter, relative to disc diameter,

than they are in

the cases of specimens of 0. erinaceus and 0. scolopendrina.

The arrangement of the swollen and elongated arm-spines of 0. alternans recalls
the arrangement of the clavate arm-spines of the genus Ophiomastix, but spines are
totally absent from the disc of 0. alternans, and the arm-spines of this species are never
clavate.
Moreover, the geographical position of 0. alternans makes it unlikely that it
can be regarded, in any way, as a connecting link between the genera OpMocoma and
Ophiomastix.
The bulk of species belonging to these two genera are tropical in
distribution.
It is noteworthy that the arm-spines of Ophiocotna occidentalis Clark, which is
found on the opposite side of the Australian continent, closely resemble the arm-spines
of 0. aUernans in shape and size and, to some extent, in their arrangement on the
arms. However, other structural features of taxonomic significance enable the species
to be separated readily.

0. alternans has been found recently at Caloundra in southern Queensland, but it
does not occur on the Queensland coast noi'th of the biogeographical boundary at Lat.
25° S.
The southern limits of its range are not known. Two species of OpMocoma
(0. canaliculata Lutken and 0. pulclira Clark) have been recorded from the southern

half of the Peronian Province.
These species differ markedly from 0. alternans. It
would appear therefore that 0. alternans is restricted to the northern part of the
Peronian Province.
Reference.

Clark, H.

L.,

1921.

—The

Bchinoderm Fauna

of Torres Strait
1-244.

Publ. Cdrneg. Instn. Dept. Mar. Biol., 10, No. 214

EXPLANATION OP PLATE
Fig-.

1.

Fig.

2.

Upper surface of
Lower surface of

:

Its

:

O. alternans, sp. nov.

x 5/7.

O. alternans, sp. nov.

x 5/7.
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Origin.
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A NEW GENUS FOR THE AUSTRALIAN LUCERNE LEAF ROLLER
(LEPIDOPTERA: TORTRICIDAE)
By

I.

Common, Division

F. B.

of

Entomology,

C.S.I.R.O., Canberra, A.C.T.

(Five Text-figures.)

[Read 25th September, 1963.]
Synopsis.

generally known in the Australian economic literature as
Tortrix divulsana (Walk.), is here referred to a new genus Meropliyas in the tribe Archipini.
The genus is described and the genitalia of both sexes of the type species are figvired. Seven
species are assigned to the genus and their synonymy is given.

The Lucerne Leaf

Roller,

iNTROOrCTION.

A

number

of Australian species of Archipini havfi been grouped in the genus
Tortrix Linnaeus, principally by Meyrick (1910).
Thirty-two species were recently
referred by Common (1961) to Epiphyas Turner, but most of the remainder are not
congeneric.
The Lucerne Leaf Roller, Conchylis divulsana Walker, for example, and

large

form a natural group considered to be of generic significance. The
from Epiphyas and, since the continued use of the combination
Tortrix divulsana in economic papers is undesirable, a new genus Merophyas is here
proposed for it. Mr. J. Dugdale (personal communication) states that the genus also
six other species

group

is

clearly distinct

occurs in

New

Zealand.

Genus Merophyas,*

gen. nov.

Type species, Conchylis divulsana Walker.
Antenna in male serrate and ciliated; labial palpus (Text-fig. 1) with second segment
curved slightly upwards, somewhat expanded with scales above, apical segment smoothscaled, short, obtuse.
Thorax without posterior crest. Forewing (Text-fig. 2) smooth,
Ri from one-half cell, R2 from three-quarters, R, to costa from upper angle, R., separate to
termen, rarely stalked with R^, M.^ well separated at base from Cuia but both strongly
curved and parallel, Cun, from three-fifths cell. Hindwing with Rs and M^ short-stalked
from upper angle of cell. Mo approximated at base to M:„ Mg and Cum approximated,
connate or stalked, from lower angle, Cun, from three-quarters cell. Abdomen in male
with mensis ventralis present on eighth sternum.

Male genitalia

(Text-figs

3,

4).

—Uncus spatulate;

socii small;

gnathos arms slender,

united medially to form a fiattened hook; valva broad near base, tapering distally,
clothed with very long scales, apical portion membranous and usually differentiated
a small triangular lobe or cucuUus, sacculus distinct, well sclerotized, slightly
roughened; basal processes of valvae with strong spines, strongly, arched and united
in centre by membranous band; aedeagus pistol-shaped, with a series of small thorns
on outer surface directed towards orifice, cornuti varying in number from one to many,
into

deciduous, short, slender spines.

Female

genitalia

sclerotized, broad,

(Text-fig.

more or

5).

— Ostium

less rectangular;

very

shallow

or

sterigma

cup-shaped,

colliculum a large longitudinally-curved

ending obliquely near junction of ductus seminalis, ductus bursae without cestum;
corpus bursae rounded, signum absent.

plate,

The genus Merophyas has certain characters in common with Epiphyas but is less
As in Epiphyas, the male valva usually has a membranous terminal lobe,
though it is small and poorly differentiated from the valvula. The transtilla is also

specialized.

replaced by spined basal processes of the valvae, and the mensis ventralis
* /tepos

—a part

;

(/luas

—a branch

;

is

present.

feminine.

Proceedings of the Ltnnean Society of

New South

Wales,
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However, the genus is at once distinguished from Epiphyas in the female by the
colliculum, and in the male by the roughened sacculus and series of external thorns
on the aedeagus, and the strongly arched, very spiny basal processes of the valva.

The wing venation

The stalking

of R^ and R5
Meyr. is interesting, for
Meyrick's reliance on this venational character undoubtedly prevented his recognizing
the generic position of this species. Its genitalia, however, are typical of M. immersana
and its facies agrees well with that species.

of the forewings in the

Text-figs 1-5.
of

male

'genitalia

is

very similar to that of Epiphyas.

male holotype

of Dichelia argillosana

Merophyas divulsana ("Walk.)
and lateral view of aedeagus
;

:

.5,

head; 2, wing venation; 3, 4, ventral view
ventral view of female genitalia.

1,

The species of Merophyas are yellowish in general colour, with variable markings,
but often with the normal archipine pattern of basal patch, median transverse fascia
and costal triangle, and with ochreous or fuscous hindwings. A costal fold is always
absent in the forewing of the male and the signum is absent in the female corpus
The adults occur amongst low-growing herbaceous plants and their larvae feed
upon annual and perennial dicotyledonous herbs. M. divulsana is a widespread pest
of lucerne in Australia, the larvae forming shelters by tying two or more adjacent
It is, however, polyphagous and the author has examined specimens
leaves together.
reared from Bassia guinguicuspis, Senecio dryadeus, Taraxacum (dandelion), lettuce.
Antirrhinum, Oypsophylla, and garden mint.

bursae.

The following

species are here assigned to Merophyas.

the holotypes or lectotypes of

all

The author has examined

the species and their synonyms, with the exception of

.
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Dr. A. Diakonoft: (personal communication) kindly

Bactra australiana Strand.

author's attention to the latter species and enabled

male type and sketches

There
M. divulsana.

of its genitalia.

synonymy

included in the

of

Merophyas DIVULSANA (Walker).

is

him

to

drew the
examine a photograph of the

no doubt that the species

correctly

is

Conchylis divulsana Walk. 1863, List

Lei).

Ins.

Mus., 28: 364 (Moreton Bay, Q., holotype ^ Brit. Mus. (without abdomen)).
Tortrix glaphyrana Meyr., 1881, Proc. Linn. See. N.S.W., 6: 516 (Sydney, N.S.W.,

Brit.

lectotype $ Brit. Mus., genitalia slide No. BM3372). Tortrix cavillata Meyr., 1922, Exot.
Microlep., 2: 497 (Melbourne, V., holotype cj" Brit. Mus., genitalia slide No. JFGC9353).

(New synonymy.)
holotype

c?

Bactra australiana Strand, 1924, Iris, 38: 147 (Boyanup, W.A.,
(New synonymy.) Tortrix cnecochyta Tui*n., 1945, Titans,

Berlin Museum).

roy. Sac. S. Aust., 69:

65

(Scone, N.S.W., holotype

roy. Soc. S. Aust., 69:

66

genitalia slide No. T707).

<^

Aust. Nat. Ins. Coll., C.S.I.R.O.,

(New synonymy.)

Tortrix ischnosema Turn., 1945, Trans,
holotype J' Aust. Nat. Ins. Coll., C.S.I.R.O.,

genitalia slide No. T708).

(Toowoomba, Q.,
(New synonymy.)

Paedisca immersana Walk., 1863, List. Lep. Ins.
(^ Brit. Mus., genitalia slide No. BM1946).
Dichelia argillosana Meyr., 1881, Proc. Linn. Soc. N.S.W., 6: 479 (Melbourne, V., holotype
Tortrix trygodana
Brit. Mus., genitalia slide No. BM1829).
(New synonymy.)
(^
Meyr., 1881, Pkoc. Linn. Soc. N.S.W., 6: 515 (Parramatta, N.S.W., holotype ($ Brit. Mus.,

Merophyas immersana (Walk.).

Brit. Mus., 28: 380 (Sydney, N.S.W., holotype

BM3421).

genitalia slide No.

Merophyas scandalota (Meyr.).

Tortrix scandalota Meyr., 1910, Proc. Linn. Soc.

N.S.W., 35: 254 (Lectotype ^ "Mt. St. Bernard, Victoria,
designated, Brit. Mus., genitalia slide No. BM3420).

Merophyas therina (Meyr.).

5000',

G.L.,

1-08",

hereby

Epichorista therina Meyr., 1910, Proc. Linn. Soc.

N.S.W., 35: 259 (Lectotype ? "Deloraine, Tasmania, 27/11/82", selected by J. D. Bradley,
and hereby designated, Brit. Mus., genitalia slide No. BM1822). Epichorista microstictis
Meyr., 1910, Proc. Linn. Soc. N.S.W., 35: 260 (Lectotype ? "Mt. Kosciusko, N.S. Wales,
5000ft.,

19/1/85", hereby designated, Brit. Mus., genitalia slide No. BM3373).

(New

synonymy.)

Merophyas tenuifascia (Turn.).
Tasm. (1926): 131 (Holotype
Nat. Ins.

Coll.,

Tortrix tenuifascia Turn., 1927, Pap. roy. Soc.

"Moina, Cradle Mt. Ra., 2000
C.S.I.R.O., genitalia slide No. T800).
(^

ft.,

Tas., 31.1.25", Aust.

Merophyas peteochroa (Low.).

Capua petrochroa Lower, 1908, Trans, roy. Soc. S.
(Holotype $ "Birchip", V., S. Aust. Museum).
Tortrix firmata Meyr.,
1910, Proo. Linn. Soc. N.S.W., 35: 237 (Holotype c? "Birchip, 12.9.04", Nat. Mus. Vict.,
without abdomen).
(New synonymy.) Meritastis siniodes Turner, 1945, Trans, roy.

Aust., 32:

115

Soc. 8. Aust., 69: 68 (Holotype

? "Ooldea,

C.S.I.R.O., genitalia slide No. T805).

Merophy'as calculata
N.S.W., 35: 223 (Holotype

(Meyr.).
^^

S.A., Oct. 1939,

W.A.M.", Aust. Nat.

Ins. Coll.,

(New synonymy.)
Tortrix calculata Meyr., 1910, Proc. Linn. Soc.

"Deloraine, Tasmania, 26/11/82", Brit. Mus., genitalia slide

No. BM1816).
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Synopsis.

Chromosome numbers are reported for eleven Queensland species of Hymenophyllaceae.
Basic chromosome numbers in the family are x = 7 and x = 11, with a secondary basic number of
X = 18. The Trichomanes group of genera is entirely derived from the latter stock, but all three
lineages are represented in the Hymenophyllum group, in which the genera are not satisfactorily
circumscribed.

Introduction.

The fern family Hymenophyllaceae has long been recognized

as a primitive but
morphologically reduced group.
Most authors have found few useful taxonomic
characters and have accepted only two large genera, Hymenophyllum and Trichomanes.
Several monographers, however, have sought to distribute the species into several
smaller genera (Presl, 1843; van den Bosch, 1861; Prantl, 1875; Copeland, 1938, 1947).
Copeland, in fact, denied that taxonomic characters were few and recognized many
diagnostic features in accepting thirty-four genera.
His treatment initially was not
widely received, but his criteria for generic limits are, in general, now regarded as

sound (Pichi-Sermolli, 1959).
In extending his considerations to phylogeny Copeland (1933, 1937, 1938) discussed

genera mainly in terms of the broad taxa Hymenophyllum (sens, lat.) and
Trichomanes (sens, lat.) into which they may be distributed, and which hereafter are
referred to as Hymenophylloid and Trichomanoid groups respectively.
In the Trichomanoid group of genera, while specific limits were often difficult to define, he found
that the genera were clearly delimited and that it was not difficult to recognize a
primitive stock. In the Hymenophylloid group, on the other hand, where generic limits
are not easily defined, a single primitive element was not evident. Copeland considered
that wide hybridization was involved in the early radiation of the Hymenophylloid
the

genera.
Pichi-Sermolli
elucidation of the

(1959)

has

emphasized

taxonomy and phylogeny

the

importance

of the family.

of

cytological

data

for

Many chromosome numbers

but the only attempt to relate them to the current
(1957), who concluded that the relatively few
numbers then available supported Copeland's system. Chromosome numbers are reported
below for eleven Queensland species belonging to eight genera and chromosome evolution

have been reported

in recent years,

classification is that of

in the family

is

Mehra and Singh

discussed.

Materials and Methods.

The determinations have been made from acetocarmine squash preparations of
meiosis in spore mother cells, after fixation of sori in acetic alcohol. Voucher specimens
have been lodged in the Herbarium of the University of Queensland (BRIU). Mr. L. S.
Smith, Queensland Herbarium, Brisbane, and Miss M. D. Tindale, National Herbarium,
Sydney, have assisted with the identification of the material and their co-operation is
gratefully acknowledged.
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Pbeviovs Records of Chromosome Numbers in the Hymenophyllaceae.
Previously determined numbers are set out in Table 1. The nomenclature is that
of Copeland (1947), except where there has been subsequent taxonomic study, and the
genera are arranged according to Copeland's system.
Table

1.

Previous Records of Chromosome Numbers in the Hymenophyllaceae.

Genus.

Meeodium

Species.

.

n

exsertum (Wall.) Copel.

21

polyanthos (Sw.) Copel.

27
28
36
36
86

demissum

(Forst.) Copel.

dilatatum (Forst.) Copel.
flabellatmn (Labill.) Copel.

2«

Author.

Manton and Sledge, 1954
Mehra and Singh, 1957
Mehra and Singh, 1957
Manton and Sledge, 1954

;

Brownlie, 1954, 1958

Brownlie, 1958

Manton and

Sledge, 1954

;

BrownUe, 1954
flexuosum (A. Cunn.) Copel.
pulcherrimum. (Colenso) Copel.

ramm

(E.Br.) Copel.

scabrum (A. Rich.) Copel.
villosum (Colenso) Copel.

javanicum

36
36
36
36
36

Brownlie, 1961

Brownhe, 1961
Brownlie, 1954
Brownlie, 1958
Brownlie, 1954

72

(Spr.) Copel.

108

Sphaerocionium

Hymen ophyllum

.

.

.

.

sanguinolentum (Forst.) Presl

36
72

Brownlie, 1954, 1961

ferrugineum (Colla) Copel.

36

Brownlie. 1958

peltatum Desv.
tunbridgense (L.) Sm.

11

Brownlie, 1958

13

Hk.

18

Manton. 1950
Manton, 1950
Brownhe, 1968

*wilsonii

revolutum Colenso

Meringium

.

.

Manton and

multifidum (Forst.) Copel.
reniforme (Forst.) Presl

36

BrownUe, 1958

colensoi (Hook.) Copel.

36
36
36

Brownhe, 1958
Mehra and Singh, 1957
Mehra and Singh, 1957

Presl

bivalve (Forst.) Copel.

Vandenhoschia

22
21
22
26

fmeyenianum

Cardiomanes

Manton and Sledge, 1954
Mehra and Singh, 1957

pyxidifera (L.) Copel.
nuriculata (Bl.) Copel.

;

Sledge, 1954

BrownUe, 1958
Brownlie, 1954

108
72
radicans (Sw.) Copel.
XT. speciosum Willd.

Polyphlebium

Gonocormus
Crepidomanes

.

.

.

.

.

.

venosum (K.Br.) Copel.

72

Mehra and Singh, 1957

72

Manton, 1950

36

BrownUe, 1954
108

prolifer (Bl.) Prantl

bilabiatum (Nees et Bl.) Copel.

Bell.

1960

Manton, 1954

36

;

Manton and

Sledge, 1954

plicatum, (v.d.B.) Copel.

36

Manton and Sledge, 1954
Mehra and Singh, 1957
Mehra and Singh, 1957

motleyi v.d.B.

34

Manton and

bipunctatum (Poir.) Copel.

36

72

108

Microgonium
Cephalomanes

.

.

.

.

Selenodesmium

*

Recorded as H.

javanicum
obscurum

(Bl.) v.d.B.

(Bl.) Copel.

unilaterale Bory.

t Recorded as H. serrulatum (Pr.) C. Chr.
i

Combination not published under Vandenboschia.

c32

33

Sledge, 1954

Manton, 1954

Manton and

Sledge, 1954

;

.

.
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Obseevations.

The chromosome numbers

Queensland Hymenophyllaceae which have been
determined are presented in Table 2 and representative configurations are illustrated
Eight of the eleven determinations ai'e new species I'ecords, one also
in Text-figure 1.
being a new generic record {Macroglena) Two species have n = 22, eight have n = 36 and
one has n = 68. All of the numbers, however, are in accord with the previous cytological
of

.

record.

Y

tr

¥

*
h^^

4>

#^

^-^?
—

Text-flg. 1.
Chromosomes of Queensland species of Hymenophyllaceae.
(All x c. 900.)
Hymenophyllum cupressiforme, n - 22. b, Macroglena caudata, n = 36. c, Microgonium
Mmarginatum, n = 68. d, Selenodesmium elongatum, 2n - 12 (mitosis in young sporangium).
a,

Table

2.

Chromosome Numbers in Queensland Species of SymenophyllaceMe

Genus.

Meeodium

.

Microgonium
Selenodesmium
Macroglena

.

Voucher.

samoense (Baker) Copel.

BRIU
BRIU
BRIU

1695
1696
1697

cupressiforme LabiU.

Macpherson Ra.

22

BRIU

1698

.

bivalve (Forst.) Copel.

Macpherson Ra.

22

BRIU

1699

.

venosum (R.Br.) Copel.

Macpherson Ra.

36

BRIU

1700

majorae (Watts) Wakef.
venulosum (Rosenst.) Copel.

Paluma
Paluma

Ra., N.Q.
Ra., N.Q.

c36
(36

BRIU
BRIU

1701
1702

.

bimarginatum v.d.B.

Paluma

Ra., N.Q.

68

BRIU

1703

.

elo^igatum. (A.

Paluma

Ra., N.Q.

36

BRIU

1704

.

caudata (Brack.) Copel.

Paluma

Ra., N.Q.

36

BRIU

1705

Hymencphyllum

Crepidomanes

2w

36
36
36

flabellatum (LabiU.) Copel.

PolypMebium

n

Macpherson Ra.
Macpherson Ra.
Paluma Ra., N.Q.

australe (Willd.) Copel.

.

Meringium

Locality.

Species.

.

Cunn.) Copel.

72
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Discussion.
(a) Basic chromosome numbers and chromosome evolution. Several basic numbers
Manton and Sledge (1954) recorded the
have been recognized by previous authors.
haploid numbers of 13 and 18, and on the basis of n = 21 in Mecodium exsertum, and
Meringium meyenianum and n = 28 in Mecodium polyanthos, also postulated the existence
of a basic number x = 7. Mehra and Singh (1957), ignoring the previous record of n = 28
in Mecodium, polyanthos, interpreted their own determination of n = 27 in this species as
evidence of a basic number of x = 9 rather than x = 18, and thus considered the basic
numbers to be 7, 9 and 13. Abraham, Ninan and Mathew (1962) followed Mehra and
Singh in postulating a base number of x = 9 and misquoted Manton (1950) as reaching

the

same conclusion.*

demonstrated numbers of n = 11 or 22 in three New Zealand
now also recorded for Hymenophyllum cuprcssiforme in Queensland. Although Brownlie made no attempt to relate this new number to those previously
recorded, a reconsideration of the relationships of the known numbers in the family is
clearly necessary. The haploid number 18 may now be considered to be an amphiploid,
secondary basic number derived from x = 7 and x = 11. If these latter numbers are
taken as basic for the family it is possible to derive all of the known numbers in a
relatively simple manner involving only euploidy and small aneuploid changes (TextBrownlie

(1958)

species and n = 22

fig.

is

2).

72

-Derivation

Text-fig-.

of

68

chromosome numbers

in

the

Hymenopliyllaceae.

suggested, therefore, that a basic number of 9 does not exist in the family and
number 18 is of amphiploid origin. The arguments of Mehra and Singh (1957)
for a primary number of 9 are based on the assumption that n = 27 is euploid, even
though n = 28 occurs in what they agree must be considered the same species on morphological grounds. If these authors consider both numbers to be euploid then the unlikely
If
situation is created where two basic numbers occur in one morphological species.
one of these numbers is aneuploid, then it is more likely to be the lower one (Stebbins,
1950). Furthermore, if the basic number is x = 9, then the single hexaploid (n = 27)
It is

that the

record

(if

such

it

is)

and the absence of decaploid (n = 45) forms are unusual in view
and the several examples of 12- and 16-ploid levels

of the twenty-six octoploids (n = 36)

which are known.

The scheme of chromosome evolution
(&) Chrom,osome numbers and phylogeny.
proposed may be extended to relate the genera according to the phylogenetic views of
Copeland (1938) (Text-fig. 3). Further examination of the scheme from the point of
* The Australian Hymenophyllaceae have recently been monographed by M.
D. Tindale,
Contrib. N.8.W. Nat. Herb., 201 (1963), who has commented on the difficulties of delimitingseveral Hymenophylloid genera and has proposed their reduction to subgenera of Hymenophyllum. In Hymenophyllum and Merinpium (pp. 12, 30) she has accepted a basic number of
X = 9 as postulated by previous authors. Two new chromosome number determinations are
reported, viz., H. peltatii.m, 2n = 22, which confirms Brownlie's determination, and H. cupressiforme. n = c. 24 (cf. Table 2 above), but the numbers have no bearing on the conclusions
reached below.
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view of the cytological implications involved and also in terms of various statements
Copeland (1933, 1937, 1938) on taxonomy and phylogeny allows several observations
its support to be made.
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In comparison with the Hymenophylloid
(i) The Trichomanoid group of genera.
group the components of the Trichomanoid group present little taxonomic difficulty at
the generic level and have a simple pattern of relationship, as all genera appear to be
derived from a single original stock in the genus Vandenboschia. These observations
conform with the cytological observation that all of the chromosome numbers in the
group can be related to a base number of 18, so that it may be postulated as having a
The origin of most of the genera from Vandenboschia has
single amphiploid origin.
involved extensive euploidy and most of the present-day species are tetraploids. Aneuploid
reduction has also been involved, probably at the (secondary) diploid level, and it is
likely that there are several independent reduction series.
TRICHOMANOID

Text-fig.

3.

— Generic

relationships in the Hymenopliyllaceae.

The Trichomanoid group shows features which have often been associated with
hybridization and polyploidy

(Stebbins, 1950).
It is numerically the largest in the
family and has reached the highest levels of specialization. It has also spread extensively
from the supposed southern temperate centre of origin of the family.
(ii)

The HyvienojihyUoid group

difficulty

in

fixing

generic limits,

Copeland (1937) has stressed the great
obscure relationships of the genera, and the

of genera.

the

absence of an obvious single primitive element in this group. He has even concluded
that there has been extensive hybridization in the early stages of its radiation. These
observations conform remarkably well with the situation which would be expected on

genome evolution. On the assumption that there are two
and n = 11 respectively and one or more hybrid stocks with
n = 18, the larger genera Mecodiuni, Hymenophyllum and Meringiuni have been circumscribed in such a way that each includes at least two of these lineages.* By considering
the genera as they now stand the taxonomic and phylogenetic conclusions which
Copeland reached are thus inescapable.
the basis of the postulated
ancestral stocks with n =

7

Mecodium, from the available data, appears to include only one basic stock (n = 7)
its hybrid derivatives, and may thus be considered in a broad sense as a natural
HymenopTiyllum and Meringium, on the other hand, are unnatural groups in
group.

and

they are not groups of a single origin.
A re-examination of the
of genera is clearly necessary to discover whether combinations
of diagnostic characters other than those employed by Copeland may provide more
satisfactory generic limits.

the

sense

that

Hymenophyllum group

In discussing genera such as Mecodiuni and Meringium, Copeland commented that
each "includes aberrant species in the far South, vestiges of a flora antedating the
present evolution of the family, with these genera satisfactorily uniform in the Tropics
See footnote,

p.

304.
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It is significant that tlie basic number x - 11 has been recorded
only in New Zealand and Australian material, which perhaps explains the aberrant
nature of some southern species and supports Copeland's view of a southern origin of
If the postulated scheme of genome evolution is correct, then it is clear
the family.
that Copeland had a remarkable insight into evolutionary relationships within this
taxonomically difficult family.

of both hemispheres".

Conclusions.

The primitive chromosome numbers in the Hymenophyllaceae are x =
and the family has evolved from two basic stocks.
1.

2.

The

basic

and x =

7

chromosome number x = 18 is derived by hybridization between
A basic number of x = 9 does not exist.

11

the

ancestral lineages.
3.

is

The Trichomanoid group

of

genera

cytologically fairly uniform

is

and the group

derived entirely from the amphidiploid stock with x = 18.

4. The Hymenophylloid group of genera includes derivatives of both ancestral stocks
and one or more hybrid ones. Generic limits in the group are not natural.
5.

The geographical distribution

of the basic

number x =

11 supports a southern

origin of the family.
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OCCURRENCE OF BOT-FLY LARVAE TRACHEOMYIA MACROPI FROGGATT
(DIPTERA: OESTRIDAE) IN WILD RED KANGAROOS, MEGALEIA RUFA
(DESMAREST).
By

R.

Mykytowycz,

C.S.I.R.O.

Division

of

Wildlife

(Communicated by Mr. A.

(Two

Research,

Canberra,

A.C.T.

L. Dyce.)

Text-figures.)

[Read 30th October, 1963.]

Synopsis.
Infection with bot-fly larvae Traclieomyia macropi Froggatt has been recorded in populations of red kangaroos Megaleia rufa (Desmarest) from widely separated areas of eastern
Australia.

Altogether 384 tracheae were examined within a period of 11 months.
Up to 57% of
animals from a single area were found to be infected. There was no indication of differences
in the incidence of infection between sexes, but males were found on the whole to carry more
larvae.
Young animals seemed to be more susceptible than older ones. Bot-fly larvae were
found all the year round. Analysis of the frequency of occurrence of different larval instars
suggests the occurrence of two periods of oviposition, the main one in May-July and the
second in November. No bot-fly larvae were found in 50 grey kangaroos Macropus canguru
(Miiller) which were examined simultaneously.

The question of the

speciflcity of Traclieomyia

macropx

is

discussed.

Introducjtion.

The occurrence

trachea of the kangaroo was reported
named it Oestrus
Subsequently Townsend (1915) established the genus Traclieomyia.
macropi.
Adult
flies have been described by Paramonov
(1953).
Moi'e recently Koch (1961) and
McCarthy (1961) again reported the occurrence of this parasite in the red kangaroo
of

bot-fly

larvae

originally by Froggatt

(1913)

who

Megaleia rufa

(Desmarest)

in

the

described the third instar and

from Western Australia and Queensland respectively.

These earlier publications, however, give no indication of the seasonal prevalence
An opportunity to gather additional information on
and severity of infections.
Tracheoviyia was available during a general survey of the endoparasites of the wild
red kangaroos which has been carried out recently in widely separated parts of eastern
Australia.

The

findings are reported in this paper.

Methods and Material.
Sampling of red kangaroos was carried out in three localities: near Hay and
Wilcannia in New South Wales and Cunnamulla in Queensland. At Cunnamulla also
grey kangaroos {Macropus canguru (Miiller)
were taken. A detailed description of
these areas has been given elsewhere (Mykytowycz, 1963).
)

From Hay, kangaroos were taken

monthly intervals during September,
March-May, 1962, inclusive. Altogether 208

at regular

1961, to July, 1962, except for the period

kangaroos from this area were examined for the presence of

A

bot-fly larvae.

kangaroos from Wilcannia and 60 from Cunnamulla were collected.
On post-mortem
Samples were carried out at approximately .3-monthly intervals.
examination, during which the sex, size and condition of tlie animals were recorded,
bot-fly larvae were counted and preserved in formalin or alcohol for examination in
the laboratory. Larval material collected during the present study has been deposited
with the Division of Entomology, C.S.I.R.O., Canberra.
total of 116
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red kangaroos,

Results.
(a) Description of Larvae.

Third and second instars were described by earlier writers (Froggatt, 1913; Grunin,
During tlie present study the first stage was also encountered.
First instar larvae: 2-3 mm. long, translucent, and unlike the other instars, flat
without the raised last abdominal segment. The comb-like teeth on the ventral surface
of the segments undeveloped but, in contrast, the single teeth on the lateral edges of
Spiracular plates absent and the multiple branches of the
the segments well formed.
tracheae opening directly onto the surface of the last abdominal segment as in other
parts of the body. Mouth hooks present.
Second instar larvae: 4-8 mm. long, and easily distinguishable from third instar
Spiracular plates approximately
larvae by the appearance of the spiracular plates.
ISOjU, X 250jii, kidney-shaped and bright yellow in colour with a characteristically concave
1961).

internal margin in early forms. Central boss lacking. The number of spiracular pores
on the plates ranging from 70 to 90.
Third instar larvae: 9-15 mm. long, with dark brown spiracular plates approximately 500/,i X 650/x. Usually only one of the internal margins of the plates very slightly
concave. A central boss of approximately 150/x diameter always present.
In contrast to the pure white second instar larvae, the body of the third instar
brownish-grey in colour. On the whole the appearance of second and third instar larvae
agrees with the description given by Grunin. However, according to him, there are 40
spiracular pores in each plate of the second instar larvae. Grunin also indicates clearly
the presence of well-developed condyles on the major ciirvature of the mouth hooks.
No such condyles were present in the specimens examined during the course of the
It has to be remarked that Grunin's descriptions of second and third
present study.
instar larvae were based on material from euros (Macropus robustus Gould) collected
by E. H. M. Ealey at Woodstock, Western Australia.
(b) Incidence of Infection ivith Bot-fly Larvae.

In Table

1

the incidence of infection with bot-fly larvae in 384 kangaroos from

three sampling localities

is shown.
Larvae were recovered from animals in all months, except November, 1961, at
Cunnamulla and March, 1962, at Wilcannia. It is probable, however, that first instar
larvae were missed, due to their small size and difficulty of recovery when they are
masked by mucus in the trachea.
In Hay, where the kangaroo population was highest, 57% of the animals were
In Wilcannia and Cunnamulla the incidence was 36 and 37%
found to be infected.

respectively.

There was no consistent difference in the degree of susceptibility of the sexes to
Males were found to be more frequently infected at Hay and females at
Cunnamulla and Wilcannia.
infection.

(c)

Severity of Infection

ivitli

Bot-fly Larvae.

number

of larvae in separate samples is also indicated.
There was a constant difference in the severity of infection in males and females.
Males carried more larvae in all samples except those taken at Hay in February and
June, 1962. The higher averages in males were, however, sometimes the result of very

In Table

1

the average

high counts in particular animals.
The number of larvae recovered from individuals in a single sample varied
greatly.
The highest number recovered was 94 from a male weighing 11 kg. (tibial
length 390
(d)

mm.) sampled

at

Hay

in

December, 1961.

Severity of Infection in Relation to

Age

of Host.

Table 2 shows the severity and incidence of infection in relation to age and sex
In the absence of a more reliable ageing method tibial length is
of the kangaroo.
Four age-groups are considered.
used as an indication of the age of kangaroos.
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A

slightly higher severity of infection in males

is again apparent, apart from the
which data for males v^^ere derived from only one animal. The
severity of infection was slightly higher in the two youngest age-groups with tibial
length corresponding to approximately two years of age and below.
This suggests
age resistance, the mechanism of which remains obscure.

third age-group,

(e)

in

Position of Larvae in Trachea.

In some cases (involving 568 larvae) the position of the parasites in the trachea
was recorded and it was found that 56% (313) of them were located in the upper part
close to the pharynx, 41% (238) in the lower trachea and 3% (17) in the bronchi or
bronchioles.

Table

2.

hicidence and Severity of Infection with Bot-fly Larvae (Tracheomyia inacropi) in
Different

Ages and Sex.

{Age expressed by

Age Groups
250-359

as Indicated

Number

20

16

35

13

Length (mm.).

405-434

3

36

21

10

25

48

Sexe.s.

435 and Over

Both

Botli

2

Sexes.

rufa) of

?

c?

31

17

3

60

52

53

33

177

121

Both
V

3

20

196

96

292

50

48

53

50

Sexes.

Sexes.

of kangaroos

examined
Percentage infected

Mean

(?

Tibial

360-404

Both

?

by

Red Kangaroos (Megaleia

tibial length.)

number

of

larvae per infected

animal

..

..

6-6

19-5

8-7

9-4

10

5-3

4t)

7-8

110

89

Third stage larvae were more frequently concentrated round the pharynx.

On a few occasions in the course of parasitological examinations third instar
larvae were found in the stomach contents, which suggests that the larvae may leave
the host by way of the faeces. However, the animals were not examined immediately
after kill; therefore it is possible that post-mortem dispersal of the larvae could have

taken place.
(/)

Seasonal Fluctuation in the Occurrence of Larval Instars.
In Figure

1

The

are shown.

of total larvae.

not be complete.

seasonal fluctuations in the incidence of the three instars of larvae
with a particular instar is expressed as a percentage

level of infection

However, due
Nevertheless

to the small size of the first instar larvae the data
it

is

apparent that there

is

may

a peak in the occurrence of

the first instar in May-June and records for Wilcannia suggest that there may be a
second peak in November. Peaks of the second instar larvae follow in November and
July, and these in turn are followed by peaks of third instar larvae in January and

October.

From

The
it appears that May-July is the main ovipositiou period.
three sampling areas and additional observations made at Hay and

the data

records from

all

"Wilcannia in May, 1963, are complementary.
It is of interest

collected in July

that the only adult bot-fly specimen so far caught in the

field

was

(Paramonov, 1953).

In Figure 2 seasonal differences in the mean weight of larvae are indicated. The
mean weights in May, June, July again suggest that the main oviposition takes
The ti'ough in December is possibly the result of preceding
place during this period.

lowest

oviposition.

^
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Grey Kangaroos Macropus canguru

(Miiller)

for the Presence, of

Bot-fly Larvae.

Simultaneously with red kangaroos a total of 50 specimens of grey kangaroos
were examined at Cunnamulla on four separate occasions. No larvae were found in
these animals, although from Table 1 it can be seen that 37% of red kangaroos in this
area were infected.
HAY
*

1st

O

2nd

stage larvae
•

—

C

C»

W

CUNNAMULLA

.

.

-

WILCANNIA

;

NOV

OCT

SEPT

JAN

DEC

FEB

MAR

APR

JUNE

MAY

1962
Fig. 1.
Seasonal occaii'rence of different instars of bot-fly larvae
in the red kangaroo (3Iegaleia rufa).

JULY

1961

—

(Tracheomyia macropi)

CUNNAMULLA

samples

HAY samples

WILCANNIA
160

OCT

SEPT

NOV

DEC

JAN

FEB

1961

Fig. 2.
in the red

samples

_

— Seasonal
kangaroo

variation in the
(

MAR

APR

MAY

JUNE

JULY

1962

mean weight

of bot-fly larvae

{Tracheomyia macropi)

Megaleia rufa).

DiscrssiON.

The above data were collected during the course of a general survey and are not
sufficient to answer all questions concerning the biology of T. macropi.
They reveal,
however, some problems worth further investigation.
One problem is the question of the specificity of the parasite.
Rodhain and
Bequaert (1916) were the first to report the occurrence of T. macropi in the grey
kangaroo Macropus giganteus Zimm. {-Macropus canguru (Miiller)). As these authors
were not in possession of specimens, but referred to Froggatt's original report in
which he merely gives the host as "a large kangaroo", it seems to be a misleading
assumption on their part to apply a scientific name on the basis of this description,

,
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which could apply equally well to a red kangaroo, which is at least as large as the
grey. McCarthy (1961) refers to the examination of Macropus major {- M. canguru)
but it is not clear from his report whether bot-fly larvae were actually found in this
species.

Current observations indicate that grey kangaroos Macropus canguru were not
The two species occupy different ecological niches. The grey kangaroo is a
sedentary species and confines itself to the more wooded areas, while the nomadic red
kangaroo occurs on the plains and more open country generally. This distribution of
the hosts may be an important factor in the ecology of the parasite.
affected.

The western races of the euro, Macropus robustus Gould, inhabit the sparsely
vegetated stony hills and slopes, and bot-fly larvae were positively recorded from this
from Woodstock, Western Australia (Ealey, personal communication).
No
were found in 15 euros examined near Wilcannia, N.S.W., in May, 1963
(Bailey, personal communication).

species

bot-fly larvae

A comparative study of specimens from red kangaroos and euros is necessary for
a precise understanding of the taxonomy of the parasite and material for this purpose
is at present being accumulated by Dr. D. H. CoUess of the Division of Entomology,
From

C.S.I.R.O.

the present study

it

may

seems that there

be some difference between

the Tracheomyia infecting these two host species.

From
to

the point of view of ecology of the kangaroo

what extent the presence

it

would be interesting to know
The tracheae

of bot-fly larvae affects the health of the host.

handled during the present study were not examind histologically, but macroscopically
extensive superficial erosive lesions of the mucosa were frequently seen in animals
infected heavily with third stage larvae. Healed lesions were also frequently noted in
adults free of larvae.

For a more complete study of the problem of the pathogenicity of bot-fly larvae it
would be of value to correlate the running ability of red kangaroos with the severity
of infections.
In one case, a young male which exhibited very poor running abilities
was found on kill to carry 78 bot-fly larvae partly blocking the lumen of the trachea.
Extensive lesions in the mucosa were also present.
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NOTES ON THE GENUS ERODIUM L'HeR IN AUSTRALIA.
By

R. C. Carolix, University of Sydney.

[Read 30th October, 19G3.]
Synopsis.

Erodium hotrys (Cav. )

Bertol., E. obHisipUcatwrn (Maire, "SVeiller et
Willd., E. aureum Carolin, E. moschatum (L. )

Wilczek)

J. T.

Howell,

L'Her. ex Ait., and
E. malacoides (L.)
E. cicutarium (L. ) L'Her. ex Ait., all introduced species, are described and discussed. E. aureum
is now considered to be closely related to E. malacoides and is probably not indig-enous.

In a previous contribution (Carolin, 1958) those species considered to be endemic
were discussed and described. During the past year it has been possible
Whilst the general lines of the
to re-assess these species and the introduced ones.
previous treatments would still seem to be valid, it appears that E. aureum Carolin is

in Australia

in all probability not indigenous but
to E. malacoides

(L.)

Willd.

It

is

a

member

of the

Mediterranean complex related

seems, then, that there are but two endemic species,

one of which is differentiated into two subspecies. It seems probable, also, that these
be the only indigenous species, all the others having been introduced since European
colonization commenced.
Descriptions and discussions of these introduced species are
provided below.

may

Amoen. Ital. 35 (1819); DC, Proclr., 1: 647 (1824); R. Knuth,
Das Pflanzenreich-Geraniaceae, 256 (1912); Asch. et Graeb., Syn. Mitteleurop. Fl., 7: 79
(1913); Wagner and Biswell, Madrono, 7: 188 (1943); Black, Fl. 8. Austr.. ed. 2, 2: 483
(1948); Munz, Calif. Fl.. 144 (1959).

E. BOTRYS (Cav.) Bertol.,

Nomenclatural

gruinum

var.

/S

Syyionyriis:

Geranium hotrys

Willd., Spec. PI., 3:

Cav.,

634 (1801); E.

Diss.,

gruinum

4:

218

Erodium

(1787);

var. hotrys

(Cav.) Pers.,

Syn., 2: 224 (1807).

Taxonomic Synonyms: Erodium paucijiorum Turcz.,
mixtum Hiiter in 6st Bot.

419 (1858); E. ciconium var.

Bull. Soc. Iinp. Nat.
Zeits., 54:

Mosc,

31:

452 (1904).

Annual herbs. Stems several, up to 40 cm. long, rarely less than 5 cm., ascending
decumbent; covered with stiff or ± curled white simple hairs below but often
glabrescent towards the base and with numerous (becoming dense) glandular hairs
above.
Basal leaves: laminae pinnate-dissected, oblong to elliptic in outline, up to
10 (usually c. 6) cm. long and 3 cm. wide, obtuse, covered with scattered mostly simple
hairs especially on the veins; lobes serrate-dentate; petioles hirsute, usually longer or
as long as the laminae. Cauline leaves opposite, smaller with acute teeth and becoming
sessile towards the top; stipules broad-ovate, 5 mm. long, 4 mm. wide, white to pale
brown, membranous, glabrous but for the ciliate margin. Flowers in umbels of 2-3,
sometimes solitary; peduncle up to 5 cm. long, densely covered with glandular hairs;
pedicels similar, 10-15 mm. long; bracts numerous, similar to stipules but smaller,
narrower and more acute. Sepals narrow-oblong, up to 1-5 cm. long, 3 mm. wide, densely
covered with glandular hairs and some simple ones especially towards the margin and
Petals blue, ± obovate, somewhat longer than the
the base; mucro c. 1 mm. long.
sepals. Filaments of the stamens lanceolate, 3 mm. long; staminodes ± ovate, c. 1 mm.
long.
Fruit: rostrum 8-11 cm. long; mericarp c. 1 cm. long with simple ±: spreading
hairs lying away from the sutures and some very short glandular hairs; fovea deep and
glabrous with two concentric folds which have glabrous chartaceous acute and ±
irregular margins; awns shortly pubescent with appressed hairs on the outer surface
and with numerous bristles on the inner surface which are very long about the middle,
flattened towards the base and not narrower than in the middle.
or

Proceedings of the Ltnnean Society of

New South

Wales.

1963, Vol. Ixxxviii, Part

3.
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Range.

—A

native

the Mediterranean

of

region but

now almost cosmopolitan

in

similar climates.

Habitat.

—Open places
— Kniith

generally.

cit.) recognizes four varieties.
Most of the Australian
corresponds to var. genuinum Rouy in Rouy et Fouch (= var. botrys).
Specimens corresponding to var. luxurians Guss. have also been found, but these appear
a phenotypic rather than a
to represent merely large specimens of the type form
genotypic variant. Specimens corresponding to var. brevicaule Rouy in Rouy et Fouch.
have also been found. This taxon, also, must be of doubtful validity as it is possible

Discussion.

{loc.

material

—

that

it

mined.

represents merely depauperate specimens of the type not genotypically deter-

Some experimental data

are needed.

—

examined. Western Australia: Kwinana near Perth, RCarolin no. 3195, 20.S.1961 (SYD); Needilup near Ongerup, R. Carolin no. 3545, 10.9.1961
(SYD); 1 mile S. of Bull's Brook, J. H. Willis, 13.9.1947 (MEL); Midland Junction,
South Australia: Middle Yorke Peninsula, Hj. Eichler
R. D. Royce, 20.9.1944 (WA).
no. 14222, 2.10.1957 (AD. SYD). Victoria: Benalla, Staff of Merrindale Biol. Res. Station,
New South
sine date (MEL); near Glenthompson, P. F. Morris, Sept. 1932 (MEL).
Wales: Broken Hill, A. Morris, 21.9.20 (NSW); 80 Acres Reserve Gerogery, E. K.
McBarron no. 2461. 1.11.48 (NSW. SYD)
Raymond Terrace, E. Armstrong, 11.1940
NSW); Wingham, C. Brewer, 16.10.1952 (NSW); Kalodong via Taree, J. B. Nooman,

specimens

Selected

;

9.1954

(NSW);

(NSW).

Culcairn, A. B. Gibbs, 19.6.1946

E. OBTUsiPLiCATUM

(Mairc, Weiller et Wilczek)

(1947): Munz, Calif.

Fl..

J.

T.

Howell in

Leafl. West. Bot., 5:

67

144 (1959).

No7nenclatural Synonym: E. botrys var. obtusiplicatum Maire, Weiller et Wilczek
in Bull. Soc. d'Hist. Nat. Afr. Nord., 26: 120 (1935).

Taxonomic Synonym: E. botrys
Asch. et Grab., Syn. Mitt.-europ. Fl.,

f.

7:

montanum Brumh., in Fedde Rep.. 2: 118 (1906):
Wagner et Biswell in Madrono, 7: 188
81 (1914)
:

(1943).

Annual herb. Stems several, up to 30 cm. long, ascending or decumbent, covered
with stiff white simple hairs below and shorter glandular ones becoming predominant
towards the top. Basal leaves: laminae pinnatisect or lobed, obtuse, oblong to ovate in
outline, up to 5 cm. long and 2-5 cm. wide with scattered ± stiff white hairs especially
towards the margin; the lobes serrate-dentate; petioles hirsute, 2-8 cm. long, stipules
ovate to almost orbicular, 2-4 mm. long, acuminate, ciliate, membranous brown to
whitish. CauUne leaves smaller, becoming sessile towards the top. Floicers in umbels
of 2-3 (4) or rarely solitary: peduncles 2-3-5 cm. long, densely coA^ered with glandular
hairs but scarcely any simple ones; bracts 3-numerous, similar to stipules but smaller,
narrower and more acute; pedicels 6-10 mm. long densely covered with glandular hairs
and some simple ones. Sepals narrow-oblong to elliptic, 8-10 mm. long, densely covered
with glandular hairs and some simple ones towards the membranous margin and base,
shortly mucronate. Petals obovate, blue, slightly longer than the sepals. Filaments of
the stamens elliptic, c. 4 mm. long; staminodes c. 2 mm. long. Fruit: rostrum 5-5-8-5 cm.
long; mericarps c. 8 mm. long with stiff white hairs diverging diagonally from the
suture; fovea shallow and usually with some stiff simple hairs and with one shallow
groove the margins of which are obtuse, frequently hirsute, not chartaceous and
±1 smooth; awns with some long bristles, flattened towards the base.
Range. A native of North Africa and probably now as cosmopolitan as E. botrys.
Introduced into Great Britain in wool shoddy.

—

Habitat.

—Open places generally.
—An extensive discussion

Discussion.
above.

It

of this species is included in the references
separateness from E. botrys in Australia as elsein the shorter rostrum, obtuse, non-chartaceous, smooth hirsute

appears to maintain

its

where, differing from it
margins of the groove and the shallower ± hirsute fovea. E. botrys var. brachycarpum
Godr. may also belong here, but I have not had an opportunity of examining the type.

BY
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— Soxth Australia:

Victoria: Near Seymour, Consett Davis, 9.42 ex

J.

M. Black no. 24, pro-parte (K).
no. 12305 (NSW). New

Rodway Herb.

South Wales: Monument Hill, Albury, E. J. McBarron, no. 1994, 12.9.1948 (NSW);
Bulgundry Reserve, Albury, E. J. McBarron, no. 3558, 8.9.1949 (NSW. SYD)
Young
;

District,

B. Byrne,

8.1950

(NSW).

MALACOiDES (L.) Willd., Pliyt., 1: 10 (1794) et Sp. PI., 3: 639 (1801); DC, Prodr.,
648 (1824); R. Knutb, Das Pflanzenreich-Geraniaceae, 245 (1912); Asch. et Graeb.,
8yn. Mitt.-europ. Fl., 7: 72 (1914); Vierhapper in VerJi. K.K. zool.-hot. G-esell. Wien,
E.

1:

1919: 146 (1919); Curtis, Stud. Fl. Tasm., 1: 93 (1956).

Nomenclatural Synonym: Geranium malacoides
Misapplied Name: Erodium

cMum

(non (Burm

L.,
f.)

Spec. PI. ed.

1,

680

(1753).

Willd.) Ewart, Fl. Vict., 683.

Annual herbs. Stems several, up to 50 cm. long, erect or ±: ascending, covered with
simple hairs interspersed with somewhat smaller glandular hairs. Basal leaves: laminae
ovate-cordate, 5-7-lobed, to 4 cm. long and 3 cm. wide, sprinkled with soft pubescent
hairs on both surfaces, the lobes dentate or crenate; petioles hirsute, 4-8 cm. long.
Cauline leaves, smaller and with shorter petioles; stipules membranous, white, ovate to

mm.

long, ciliate towards the obtuse apex and with a few simple hairs on
Flowers in umbels of 5-7; peduncles 3-5 cm. long, covered with simple
and glandular hairs; bracts 2 or usually 4-6, similar to stipules but narrower and

orbicular,

c.

5

the green midrib.

more

acute, 3-4

oblong to

mm.

elliptic,

4-5

long, free;

mm.

pedicels similar to peduncles,

long, 2-2-5

mm.

c.

15

mm.

long.

Sepals

wide, densely covered with glandular hairs

and with some long simple hairs towards the base and apex and with an awn c. 1 mm.
Petals obovate to oblanceolate, 5-5 mm. long, deep pink to mauve. Filaments of
the stamens linear to linear-lanceolate, 3-5 mm. long, entire; staminodes oblong-elliptic,
2-5 mm. long.
Fruit: rostrum 2-2-5 (3) cm. long; mericarps 6 mm. long, hirsute with
stiff hairs ± divergent away from the sutures; fovea well defined with one wide furrow
beneath each the margins of which are ± acute, both fovea and furrow with large
glandular hairs; awns as wide at the base as the middle with the gyres reaching to
long.

the base.

Range.— A native

of Mediterranean Europe, North Africa and extending eastwards
Introduced into many other warm temperate regions including
southern Australia and Tasmania.

to

Northern India.
Habitat.

—Waste places.
—This an

extremely variable species and no satisfactory description
Vierhapper (loc. cit.) gives a very extensive discussion
His
of it and related species, but even he admits that the species overlap somewhat.
treatment is certainly more critical than that of Knuth (loc. cit.) and would seem to
be valid in essentials (also see under E. aureum below). This species is distinguished
from all the other taxa found in Australia by its slightly lobed, scarcely disaected leaves
The specimen referred to by Ewart (loc. cit.) is lodged
(cf. discussion of E. aureum).
at Melbourne and there is little doubt that it is, in fact, E. malacoides and not E. cMum.
The latter is easily distinguished from the former by the shallower glabrous fovea
without concentric folds and the ±: straight, terete base of the awn as against a deep
glandular hairy fovea with a well-marked concentric fold and a spiral flat base to the
awn.
Discussion.

is

of its limits has been achieved.

—

Selected specimens examined. South Australia: Centre of S. Australia, R.
Schomburgk, No. 118, May 1874 (K). Tasmania: Launceston, W. M. Curtis, 27.10.1943
(K). Victoria: Back yard of Science Branch, Dept. Agric, Flinders Street, Melbourne,
E. E. Pescott, 1.1.1919 (MEL). New South Wales: Hay, R. L. Gray, 21.9.1961 (NSW).
E.

aureum Carolin

in Proc. Linn. Soc. N.S.W., 83: 92 (1958).

Usually dwarfed annual (or short-lived perennial) herb with an ascending rosette
of radical leaves. Stems 1-3, decumbent or ascending, up to 20 cm. long, covered with
soft glandular and simple hairs.
Basal leaves oblong to ovate-lanceolate in outline.

.
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1-8-3-0 cm. long, 7-15 mm. wide, lobed or deeply dissected with three primary lobes
right to the midrib, the surface covered with both simple and glandular hairs and
with dentate margin; petioles slender with scattered hairs. Cauline leaves few, smaller

and almost sessile. Floioers in umbels of (2)-3(5) or rarely solitary; pedicels covered
with glandular and (fewer) simple hairs. Sepals 5, oblong-lanceolate, 5-8 mm. long,
2-3 mm. wide, covered with glandular and simple hairs, shortly awned (0-5 mm.) or
obtuse, ciliate on the membranous margin. Petals 5, pink to pale purple with darker
veins, ovate, c. 8 mm. long and 6 mm. wide. Filaments of stamens narrow-lanceolate,
1 mm. wide at their widest, 4-5 mm. long including long aristate often purple apex,
entire; anthers red; staminodes narrow lanceolate c. 4 mm. long.
Stigmata yellow.
Fruit: rostrum 2-5-3-5 cm. long; mericarp c. 5 mm. long and 2 mm. wide; fovea distinct
with a concentric groove, both well-defined and bearing at least one or two large
glandular hairs; awns of equal thickness from top to bottom bearing a large number
of long bristles towards the base and with gyres reaching to the base.
Range. ? A native of the Mediterranean region, probably originally from North

—

Africa.

— Generally

Bistriltution

—Vierhapper's

Discussion.-

177

indumentum

is

open situations in the drier regions.

descriptions (see under E. malacoides) do not cover this

E. malacoides var. garam.antum Maire in Bull. Soc. d'Hist. Nat. Afr.

taxon adequately.
Nord., 20:

in

(1929), corresponds fairly closely, but the rostra are too short and the

somewhat

different.

its ± decumbent habit, fewer flowers per
umbel, usually longer rostrum, narrower ±: deeply pinnate-lobed or pinnatisect leaves,
much shorter awn to the sepals, shorter simple hairs on the sepals, and more numerous
long bristles at the base of the awn.
It probably represents a segregate from the
E. malacoides complex which is adapted to rather more arid conditions than
E. malacoides itself.
It is distinguished from E. suMrilobum Jord. by the presence of
large glandular hairs in the carpel-pits, although these may be very few.

It is

distinguished from E. malacoides by

it and E. malacoides break down to some extent in North
have seen no specimens corresponding exactly to it from anywhere
The taxon is certainly behaving as a well-defined unit in Australia
else but Australia.
and it is thought best to retain it, at least until more data are available from the
Mediterranean area. This taxon can no longer be regarded as endemic or even native,
neither is it probable that it is very closely related to either E. crinitum or E. cygnorum,
although these two latter species probably belong to the same section of the genus.

The

differences between

Africa, although

I

Apparently the first collections from inland areas were made by R. Helms on the
Elder Expedition in 1891, some time after the opening of the Suez route to Australia
from Europe. The dispersal of Erodium mericarps in the wool or fur of animals is
particularly efficient, as shown by the occurrence of the Australian species in shoddyfertilized fields in England and Belgium. It would not have taken long for this species,
after its first introduction, to spread over the country to which it was adapted.
It does not seem likely that it was introduced with the camels from north-west
India as the members of the Erodium malacoides-comjilex from that region differ in the
indumentum and complete lack of glandular hairs in the fovea. See Carolin in Proc.
Linn. Soc. N.S.W., 83: 92 (1958), for list of specimens.
E. MO.scHATUM

(L.)

L'Her. ex Ait., Hort. Keiv., ed.

630 (1801);

DC,

Prodr., 1: 647 (1824); R. Knuth,

?>:

(1912); Asch. et Graeb., Syn. Mitt.-eur.
483

(1948);

Ewart,

Fl. Vict.,

683

Fl., 7:

1,

2:

414 (1789); Willd., Si)ec. PI,

Das Pfianzenreich-Geraniaceae, 281

100 (1914); Black, Fl.

8. Austr., ed. 2, 2:

(1930).

Nomenclatural Synonym: Geranium moschatuvi L., Spec. Ph. ed. 1, 680 (1753).
Orthographic Variant: Herodium moschatum Reichb., Ic. Fl. Germ., 3: 64 (1842).
Annual herbs with a musk-like smell. Stems several, up to 40 cm. long, ascending,
densely covered with simple and glandular hairs becoming less dense towards the base.
Basal leaves: laminae pinnate-compound, ± oblong in outline, 3-20 cm. long; leaflets

BY
ovate to

sessile,

elliptic,

mm.

9-30
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wide, dentate, covered with simple

and glandular hairs; petioles 2-16 mm. long ± pubescent. Cauline leaves smaller;
stipules ovate to orbicular, up to 8 mm. long, glabrous, scarcely ciliate but with a few
minute teeth. Floicers in umbels of 4-7; peduncles l-(8)-16 cm. long, ± pubescent;
bracts similar to stipules but frequently ± ciliate towards the apex, free; pedicels
6- (10) -18 mm. long, densely glandular hairy. Sejials oblong, 7 mm. long, 2-5 mm. wide
with a short mucro, ± glandular hairy with some simple hairs. Petals obovate, pink,
slightly longer than sepals. Filaments of stamens narrow-lanceolate, 3 mm. long, someFruit:
times with two irregular teeth; staminodia narrow-elliptic, c. 2 mm. long.
rostrum 2-6-3-4 cm. long; mericarps c. 8 mm. long with stiff hairs diverging diagonally
from the suture; fovea well defined with a deep concentric groove, the fovea at least
(and usually the groove as well) bearing large glandular hairs; awns with long
towards the base, gyres extending to the base which is flattened
and not narrower than the middle region.
bristles particularly

Range.
climates

—A

all

Habitat.

native of the Mediterranean region and
over the world. Temperate Australia.

—Waste and
—Knuth

now

introduced into similar

cultivated lands and other open places.

which he cites as
and the type is almost
entirely one of size.
There is no consistent difference in the leaves which can be
correlated with size differences, as far as can be seen at present. The smaller specimens
tend to have fewer simple hairs on the calyx although this sometimes breaks down.
It seems inadvisable to admit any of these variations to taxonomic rank as yet.
(Also
see Ascherson and Graebner, loc. cit.).
Discussion.

The

var. praecox Lge.

(Zoc.

refers both Australian specimens

cit.)

difference between these small specimens

—

specimens examined. Western Australia: Merredin, Max Koch, No.
(K)
Kauring, York-Greenhills, F. Stoward No. 421 (K)
Westbourne
Dwalganup, C. B. Carter No. 20, Feb. 1915 (K) Brown Street, Perth, A. Morrison, sine
date (K.). South Australia: Between Botanic Garden and Rundle Street, Hj. Eichler
no. 13051, 15.10.1956 (AD. K).
Tasmania: St. Marys, R. Carolin, no. 1861, 11.2.1960
(SYD); Hobart, A. H. S. Lucas, Nov. 1924 (NSW); Risdon, ex Herb. Rodway, no. 922
(NSW). Victoria: Common about Melbourne, Sept. 1853, sine leg. (NSW). New South
Wales: Condobolin, N. C. Beadle, 15.9.1945 (SYD); Bulgandry Reserve, E. J. McBarron
no. 2042, 20.9.1948 (NSW. SYD)
Yass, J. M. Dwyer, 22.9.1911 (NSW); Gilgandra,
(NSW); Parkes, J. E. Russell, 13.10.11 (NSW); Bega, ex Herb.
J. D. Simon, 10.1913
Rodway no. 924 (NSW); Parramatta. O. D. Evans, Aug. 1926 (SYD). A.C.T.: Palmer
Street Hall, M. Gray no. 141, 26.10.1960 (NSW 56039). Queensland: Bot. Card. Brisbane,
C. T. White no. 9219, 7.9.1933 (BRI037061); Gympie, Dr. F. H. Kenny (BRI037060).
Selected

2712,

10.8.1923

;

;

;

;

E. cicutarium
3:

629

L'Her. ex

(L.)

(1881);
Geraniaceae, 274

(1912);

Graeb., Syn. Mittel.-eur.

Baker

Ait.,

Hort. Keio, ed.

1,

2:

414

(1789);

Willd., 8p. PI.,

DC, Prodr., 1: 646 (1824); Clavaud in Act. Soc. Linn. Bord., 35: 425
Rouy in Rouy et Fouch., Fl. Fr., 4: 103 (1897); R. Knuth, Das PflanzenreicJi-

(1801);

in Bot. Soc.

d

Baker and Salmon
Fl..

7:

90

(1914);

in Journ. Bot., 58:

Hegi,

Excli. Club Brit. Isles, 7: 957

Arch., 54: 138 (1947); Larsen in Biol. Medd. Kong.

Annual or biennial

III.

Fl.

121

Mitt. -Eur.,

(1920);
4:

1719

Asch.

et

(1923);

(1925); Andreas in Nederl. Kruidk.

Dansk Viden.

Sels., 23:

3

(1958).

Stems decumbent ascending or erect, hirsute or
glandular haiiT- Basal leaves: laminae pinnate-compound, each leaflet deeply pinnatifid,
ovate to oblong in outline, up to 5-5 cm. long, hirsute or glandular hairy; lobes of the
leaflets acute, often ± dentate; petioles hirsute or glandular hairy up to 4 cm. long;
stipules membranous, lanceolate-deltoid to ovate-acuminate, 3-7 mm. long, white, brown
or red, ± transluscent. Cauline leaves ± smaller. Floioers in umbels of 2-5; peduncles
glandular hairy or hirsute with scattered hairs 4-8 mm. long; bracts connate into a
wide funnel-shaped tube and appearing as lobes or large teeth upon it, c. 2 mm. long,
ciliate;
pedicels 9-22 mm. long, glandular hairy, hirsute with scattered hairs or
hirsute and glabrescent.
Sej^als oblong to elliptic, 5-7 mm. long, membranous and
herbs.
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Petals obovate to
mucronate.
sometimes with dark spots or lines towards
Staminal filaments lanceolate, 5 mm. long; staminodes narrow-lanceolate to
the base.
Fruit: rostrum 3-0-4-5 cm. long; fovea shallow and
narrow-elliptic, 2-5-3 mm. long.
only occasionally with a glabrous furrow below each.

±

oblanceolate,

Range.

margin,

the

at

ciliate

hirsute

glandular-hairy,

or

irregular, pink to white

— Temperate regions.
—Very widespread.

Habitat.

A very variable world-wide weed. It is difficult to match the Australian material
with European specimens for the variability within Europe itself is very great. This
variability has been studied for many years by many botanists, the result being considerable nomenclatorial confusion.
Two workers have approached the problem from
cyto-genetic and experimental viewpoints (Andreas, loc. cit., and Larsen, loc. cit.) which
Unfortunately they
promises to provide some sort of explanation of the variability.
both worked within very limited areas and, whilst admitting that their material may
correspond to species occurring outside these areas, nevertheless provided new names
with which to burden nomenclature. A widespread overall survey
the lines commenced by Andreas and Larsen.

The simple

or glandular nature of the

indumentum appears

is

called for along

at first sight to be a

useful taxonomic character showing correlation with others such as glabrous or hairy
pedicels and fovea furrows deep or shallow respectively.
in so

many specimens

These, however, break

be unsatisfactory to describe the variation within this group in

down

may, indeed,
the terms of classical

that no satisfactory division can yet be made.

It

taxonomy.
specimens

Selected

examined.

—Westeen

Ongerup-Ravensthorpe,

Australia:

R.

(SYD); Frazer Range, Byre Hwy., R. Carolin no. 3621,
13.9.1961 (SYD); Kwinana nr. Perth, R. Carolin no. 3194, 20.8.1961 (SYD).
South
Australia: Wilpena Pound, B. Patterson, Aug. 1958 (SYD); Streaky Bay, R. S. Rogers,
9.1907 (NSW 60947); Revesby Island, J. H. Maiden, Jan. 1907 (NSW 60955). Tasmania:
Victoria: Skipton, W. T. Whan (NSW 60941).
S. C. Hannaford, sine loc. (NSW 60946).
New South Wales: Condobolin, N. C. Beadle and R. G. Tupper, Sept. 1948 (SYD);
Albury, E. J. MacBarron no 2519, 7.11.1948 (NSW. SYD); Braidwood, 0. D. Evans,
17.9.1926 (SYD.); Sawpit Creek, Jindabyne, M. Woodward, Jan. 1958 (SYD); Narrabri,
Carolin no.

E.

3571,

Breakwell,

60989);

11.9.1961

9.1913

(NSW

Cooks River, A. A. Hamilton, Oct. 1909 (NSW
(NSW 61012). A.C.T.: Black Mtn., M. Gray,

61003);

Mt. Dromedary, Reader, 3.8.1880

no. 4901, 10.1960

(NSW

56040 CANB.).

Key

to

tlie

Species fo%ind in

Fovea with some large glandular hairs.
2.
Leaves pinnate compound
2.* Leaves lobed or ternate.
3.
Leaves ovate, slightly lobed sepal awn
3.* Leaves
ovate-oblong, deeply-lobed to

Australia.

1.

;

E.

c.

1

mm.

;

sepal

inconspicuous
1.* Fovea with no glandular hairs.
4.
Leaves pinnate-compound, the leaflets deeply pinnatisect
4.* Leaves deeply lobed to pinnatisect or ternate.
5.
Hairs of the calyx mostly simple (except the minute ones).
6.
Hairs of the calyx not appressed, long staminal filaments 2-3
;

E. malacoides.

long, conspicuous

ternate-compound

moscliatuin.

awn

0-.">

mm.
E.

long,

(tureuni.

E. cicutarium.

times as long as the

staminodes
E. crinitnm.
6.* Hairs of the calyx appressed, short
staminal filaments 1-5 times or equally as long as
the staminodes
E. cygnonim ssp. cygnorutn.
5.* Hairs of calyx mostly glandular.
7.
Hairs on the stems glandular; leaves 3-lobed (ternate) .. E. cygnurnm ssp. (ilandnlosnvi.
7.* Hairs on the stems coarse, simple towards the base; leaves pinnate-lobed or dissected.
E. ohtusipHcatwn.
S.
Fovea hirsute with obtuse rim rostrum 5-5-8-5 cm. long
8.* Fovea glabrous with acute chartaceous rim
rostrum usually longer than 8-.5 ciu. long
;

;

;

E.

hotrys.
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AN AUSTRALIAN SPECIES OF MICROPHORELLA (DIPTERA: EMPIDIDAE), WITH
NOTES ON THE PHYLOGENETIC SIGNIFICANCE OF THE GENUS.
By Donald H.

Colless, Division of Entomology, C.S.I.R.O., Black Mountain, Canberra.

(One Text-figure.)
[Read 30th October, 1963.]
Synopsis.

MicrophorelJa iota, sp. nov., is described from south-eastern Australia.
that Microphorella and related genera may represent an empidid stock
Dolichopodidae have been derived.

The seven previously known
and North America.
surprising to

find

species of Microphorella are all

is

is

suggested

from central Europe

Since they are very small and inconspicuous

that the genus

It

from which the

it

is,

perhaps, not

more widespread and the present paper

really

reports the recent discovery of a species in south-eastern Australia.

Close examination shows that the genus possesses a number of features suggesting
taxonomic relationships of considerable interest, as discussed below.

Microphorella

iota. sp. nov.

Male.

Entire integument, setae, and halteres black;
length 1-4-1-7 mm.

the former with slight pruinosity.

Wing

Head.

Occiput strongly concave above; orbital bristles very short, in a single row;
Frons broad, at the vertex about twothirds of width of head in dorsal view, sides oblique, tapering towards antennae; a
depressed area present above antenna bases.
Posterior ocellar bristles minute; the
a few similar bristles behind mouth-opening.

pair laterally directed and about as long as the three pairs of vertical
a single pair of strong fronto-orbitals present, placed well anterior to ocelli
and slightly incurved.
Face narrowest at centre, there about as wide as distance
between antenna bases. Eyes microscopically pubescent. Antenna as in Figure Ic, the
flagellum without any short basal segment, apparently due to fusion with the apical
segment. Mouthparts short, formed mainly by the labella; the latter somewhat flattened
laterally, their ventral margins sharp and with a few tooth-like papillae
(as in
Dolichopodidae)
palp (Fig. Id) clavate, with a strong, down-curved, subapical bristle,
and a dorsal sensory area bearing delicate, club-tipped processes; also with what appears
to be an internal pit- or flask-shaped organ.

anterior

bristles;

;

Thorax.

Mesonotum with

prescutellar area depressed, clearly differentiated.

rather short, but strong, arranged as follows:

5

Bristles

dorso-centrals, the posterior pair longer

and more widely separated than the others; one presutural, and one postsutural, sublateral; another tiny seta placed anteriorly and medially, close to the postsutural;
notopleural depression with one lateral bristle and another posterior and internal to
it; one supraalar; humeral angle with a pair of minute setae only; acrostichals absent,
except for several minute setae at the extreme anterior margin.
Scutellum with a
single pair of strong, erect, incurved bristles.
Pleura bare.
Legs.
Fore- and mid-coxae with short anterior bristles, mid- and hind-coxae with
1-2 lateral bristles; other segments with rows of short, rather spiny setulae. Mid-tibia

with distinct internal spine at apex; fore- and hind-tibiae and hind metatarsus with
internal apical combs.
Claws simple; empodium forked, setiform; pulvilli small.
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Costa completely encircling wing, with several short bristles and
all other veins without setulae. Humeral

(Fig. la).

longer one, anteriorly near the base;
rather

indistinct.

Sc

rather

short,

broken distal

to

the

crossvein.

Rs

originating opposite humeral crossvein; r-m very weak, even lacking, in some specimens;

base of Mo (closing median

detached at base.
cell, distinct.

cell)

similarly

weak and sometimes

Cell Cuo rather strongly sclerotized;

Squama with weak

absent;

M3 + ^ slightly

apical portion of lA, distal to

fringe of 4-6 setae.

m

m/i

Fig.

1.

Micro-phorella iota, sp. nov.
(a) Wing;
Male terminalia, lateral view;
f) )
(e) Female terminalia, ventro-longitudinal view.
(

(c)

Antenna; (d) Palp;

Abclomeji short and broad, the large terminalia folded dorsally forwards and rotated

about

and 7; the general outline of body preserved by
displacement of more posterior segments.
Ninth

45°, to lie to the right of segs. 6

indentation of seg.

5

and

lateral

sternite forming a large capsule (Fig. 1&), with symmetrical posterior foramen; coxites

asymmetrical, the right-hand one larger, both apparently with an internal, apical lobe;
styles rather leaf -like, with twisted, pointed apices; a clubbed accessory process visible

on one side
apical setae.

Tenth segment apparently represented by two small lobes bearingAedeagus long, tubular, terminating in a conspicuous, brush-like organ.

only.
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Female.

Terminalia (Fig. le) with
Generally similar to male; wing length 1-6-1-8 mm.
9th tergite divided medially, each half with three stout, blunt, submedian teeth and a
smaller, pointed, lateral spine.
Allotype, female,
Holotype, male, Mt. Majura, A.C.T., 2 Apr. 1963, D. H. Colless.
data as for holotype. Paratypes: one male and four females (the male and two of the
females in spirit), data as for holotype; one male, same locality, 29. ix. 1960, D. H. Colless;

two females, Ginninderra

Falls, A.C.T., 28 Feb., 1962, D. H. Colless; all in Australian
National Insect Collection, C.S.I.R.O., Canberra. Also, one female paratype, data as for
holotype, to be placed in Deutsches Entomologisches Institut, Berlin; and two female
paratypes. Sassafras Gully, Springwood, Blue Mountains, N.S.W., 10.i.l956, D. K.
McAlpine, in the Australian Museum, Sydney.

—

Biology. All specimens were collected by sweeping near streams. One series was
swept from moist rocks in a slowly-trickling watercourse, and the natural habitat is
probably of this type. The mouthparts suggest that the adults may be predaceous, in

a fashion similar to the Dolichopodidae.

Discussion.

Apart from the above species, MicropJiorella has two described species in central
Europe and five in America. The collection of the Deutsches Entomologisches Institut
also includes specimens of what appears to be yet another species from Italy; these
specimens were identified by Engel (1956) as M. beckeri Strobl. I have been able to
examine material of all the European species, and the American M. chiragra Melander;
M. iota is quite typical of the genus, rather closely resembling the type species M. praecox
Loew.
In general appearance all these species show a remarkable resemblance to the
Dolichopodidae, particularly to such genera as Sympycnus. The impression is greatly
strengthened by similarities in what appear to be important details; e.g., the basal
is general in Dolichopodidae but, as far as I am aware, unknown
elsewhere in the Empididae. The structure of the head, and particularly of the mouthin the Empididae, I know of
parts, is also remarkably similar to that of Sympycnus

origin of Rs, which

—

only Dolicliocephala. and perhaps some other Clinocerinae, with labella of this type,
although illustrations suggest that they also occur in Microphorus and Schistostoma,
which are related to Micropliorella. Moreover, the female terminalia are of the type
found in most, if not all, Dolichopodidae, and are exactly similar to those of Sympycnus.

The male terminalia show some resemblance
capsule-like

form,

but,

unlike

those

of

all

to

those

of

Dolichopodidae,

Sympycnus.
are

only

etc.,

partly

in

their

rotated.

rotation, and associated asymmetry, seem to be of a type quite different from that
found in the Tachydrominae and Hybotinae, but, in general features, the terminalia
could be considered to be of the empidid type. The wing venation, apart from the basal
origin of Rs, is typically empidid, with a normal median cell.

The

The above-mentioned features

raise the question of

whether Microphorella, and the

related Microphorus, SchistostoTna, and Parathalassius, should in fact be placed in the

Dolichopodidae. The last three genera, however, seem far more typical of the Empididae,
though, as pointed out by Collin (1961), they probably require a new subfamily (Collin
places them in the Hybotinae, while other authors place them in the Empidinae).
Microphorella, then, must also be placed in that family, but it seems not only legitimate
but necessary to speculate on its relationships to the Dolichopodidae.
Convergence

cannot be entirely ruled out, since general facies and structure of mouthparts may
represent only parallel adaptation; but the resemblance in female terminalia alone
seems to argue a close phylogenetic relationship. The male terminalia also suggest an
early stage in the evolution of the more highly specialized type typical of Dolichopodidae.
There seems no possibility that these resemblances are plesiomorphic, i.e. that they
represent parallel retention of primitive characters. The female terminalia, for instance.

.
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can only be regarded as an advanced specialization of the empidid type, and earlier
of such specialization can be seen in several Australian species of probably
undescribed genera related to RJiagas, Iteaphila, etc., and in Ceratomerus.
stages

When a greater array of characters is considered, the situation becomes extremely
complex, and its elucidation may require the techniques of numerical taxonomy. However, there does seem to be a strong suggestion that Microphorella and its allies
represent an empidid stock from which the Dolichopodidae have evolved. If this were
accepted, some taxonomists would then consider it necessary to reduce the Dolichopodidae
The present evidence is, of
to a subfamily of Empididae, or split the latter family.
course, quite insufficient for such a drastic revision, but, in

any

case, I do not believe

that such rigid application of formal principles could serve a useful purpose here.
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THE CLASSIFICATION OF ANIMALS.
By

I.

M. Mackeeras, Division of Entomology, C.S.I.R.O., Canberra.

(One Text-figure.)
[Read 27th November, 1963.]

animals has evolved over the past two centuries from typoand now there is a tendency among some zoologists to return
That is a serious
to pre-Darwinian empiricism in the form of numerical taxonomy.
step to take, because it involves dissociating taxonomy from the principles of comparative
morphology and limiting the purposes for which a classification may be used (p. 334).
It therefore requires critical examination, in order to discover whether an empirical
system has a sounder theoretical basis than an evolutionary system or compensating

The

classification of

logical to evolutionary,

advantages in application. This brief review is concerned primarily with that issue,
but it has also been stimulated by recent basic contributions to evolutionary taxonomy,
notably by Hennig (1957) and Simpson (1961), and it will be necessary to examine
these also.

is

The literature has become voluminous and confusing, so the treatment adopted here
designedly terse in an endeavour to keep main issues clear, while the bibliography is

short because the recent works cited (especially Simpson, 1961) provide a liberal entry
into the earlier literature. I am much indebted to Dr. D. H. Colless and other friends
with whom I have discussed these problems, but most of all to Simpson's book, which

almost

— though

not quite

—made

this discussion unnecessary.

The Opposing Systems.
'Natural'

classifications of

animals and plants have been based on at least three
To go back no further than 1758, they are:

different principles in the course of history.

1. Typological or Linnaean: Based on the intrinsic 'essences' or 'natures' of the
organisms, as expressed (by later exponents) in the 'archetype', which was something
All animals have a 'plan', in the sense that
quite different from 'common ancestor'.
they are coherent wholes and carry the marks of their ancestry; but that is not
typology, and the present status of the system, if it really survives at all, is so nebulous
that it would obscure more important issues to discuss it further.
2. Empirical or Adansonian: Based on the observable degree of overall resemblance
Strictly 'static'
between the organisms classified, excluding all other considerations.
or non-evolutionary in content and method, and therefore appropriately to be contrasted with the third, which is:
3.

Evolutionary or Darwinian:

Based on their relative 'propinquity of descent',
It has been a source of confusion that
not always, expressed by overall resemblance in the

in so far as that relationship can be estimated.

propinquity of descent is often,
usual sense of those words.

l)ut

The empiricists claim four principal virtues for their system: that it has a sound
that it is more 'general' than an evolutionary system; that it is
stable; and that it is applicable to all organisms, whereas, in their opinion, descent
can very rarely even be guessed. These claims are what we have to examine, but it is

philosophical basis;

necessary

first to

take note of the further confusion that has been introduced, because
some commonly used words with meanings that have been obsolete

empiricists employ

in zoology since 1859, or are otherwise unfamiliar to
'affinity'

are two, and

it

may

many

zoologists.

'Natural'

and

be necessary to refer to others as the discussion develops.
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of Classification.

Philosophers and scientists would agree that a classification is an intellectual device
to assist the human mind to deal, in one way or another, with large numbers of different
items.
We are therefore free to base our classification on whatever principles and
construct it in whatever form may be most appropriate to the purpose it is to serve,
provided it is logically consistent.
It would also be agreed that it is convenient to
divide classifications, broadly, into general, which are intended to be used for a variety
of purposes, and special, which are useful only for a particular purpose.
At this point, it seems to me that the philosopher and the scientist tend to part
company. The philosopher is concerned with generalizing about knowledge, and with
attempting to establish principles that can be applied to all knowledge; whereas the
scientist knows from experience that it is unwise to generalize from one branch of
scientific knowledge to another without evidence of an actual association between the
two. He is consequently suspicious of attempts to apply the precepts of philosophy to
his branch of knowledge unless their relevance is clearly demonstrated.
Gilmour (1940) may be taken as representing the philosophers for the purpose of
this discussion, and the principal components of his thesis may be summarized under
five

heads.

He adopts Dingle's epistemological theory of how scientists obtain their knowledge of the external world as a foundation for his reasoning. Essentially: "The primary
division in the process which leads to the acquisition of knowledge is that between the
subject 'I' and the object, which consists not only of those sense-impressions which go
1.

to

form what we

the thinker

call the external world,

opposed to matter, but of
both 'mind' and 'matter'.

.

.

.

He

all

the past and future states of
is

not one of

mind as

to the objects including

'Out of that chaos of past experience reason constructs

myself, you, tables, chairs, stars and
in order.' "

but also of

Thus the primary duality
the ever-present subject T, as opposed

(including feelings).

all

the rest of the world, and tries to set

distinguishes the concepts of persons, tables, and so forth as

them

all

'clips' to

hold groups of sense-data together.

He would

"the fundamental principles which underlie the process of
mine) on the epistemological theory outlined above, and reinforces
the impression of generality so established by saying that "the classification of animals
and plants, though based on different data, is essentially similar in principle to the
classification of inanimate objects".
Nevertheless, construction of the classes is an
activity of reason, and, "provided they are based on experienced data", they "can be
manipulated at will to serve the purpose of the classifier".
3. The kind of classification referred to above as 'general' he calls 'natural', using
the word in a philosophical sense which he does not distinguish from its restricted
2.

base

classification" (italics

happenings, or processes that occur in the universe
which groups together individuals having a
large number of attributes in common", and says that it therefore "can be used for a
wide range of purposes". Subsequently (1951), he made the significant addition: "and
if there is one factor influencing a group of objects more powerfully than any other,
then a classification based on that factor will be more natural that is to say, useful
for a greater number of generalizations
than any other".
scientific use as referring to things,

in

which we

live.

He

defines

it

as "one

—

—

4. He accepts the individual as the convenient unit of classification in the higher
animals and plants, but emphasizes "that the individual is a concept, a rational con-

struction from sense-data, and that the latter are the real objective material of classification" (italics mine).
He would therefore use only 'sense-impressions', 'sense-data', or

which he treats as interchangeable terms, in constructing a classification,
and would specifically exclude the use of integrated (i.e. 'clipped') sense-data, although
he does seem to distinguish, in some unexplained way, between 'biological objectivity'
and 'metaphysical objectivity'.
5. He considers that, if unit characters could be defined, "then resemblance and
'attributes',

difference in a certain

number

of characters could be

used as a basis for the definition
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and difference, and hence of the various taxonomic categories",
but that the "concept of a unit cliaracter ... is a notoriously vague and relative one".

of degree of resemblance

This thesis is an unequivocally empirical approach to the classification of living
organisms. It is accepted by the numerical taxonomists (as exemplified here particularly by Sneath and Sokal, 1962), some of it implicitly but most of it explicitly, the
only extension being that they solve Gilmour's final difficulty by adopting arbitrary
definitions
It

of

seems

unit characters.
to

several grounds.

me

that

many

scientists

The most important

is

would take issue with the empiricists on
word 'science' basically means

that, while the

knowledge, understanding, so far as it is attainable, is implicit in its modern usage.
To a scientist, a 'natural classification' is one that is consistent with the phenomena and
processes of nature. One that is not implicitly consistent with nature is likely to be
useless, even misleading, at best a stepping-stone to the kind of knowledge that must
precede understanding. In so far, then, as it may be justifiable to generalize for such
diverse fields of knowledge as the physical, chemical and biological sciences, a general
scientific classification might be said to be one that includes the greatest possible amount
of meaningful information about the particular field that is being classified.
This
introduces a qualitative element, which is a more scientifically logical approach, at
least in biology, than a purely quantitative one.
Secondly, objection may be taken to making a sharp division between what may
be termed 'observed facts' (that is, 'sense-impressions', if I interpret the term correctly)
and 'inferred facts' such as the existence of charged particles, viruses before the
electron microscope was developed, sound waves, evolution which cannot be perceived
Knowledge of
directly even by the aid of magnifying and discriminating equipment.
an inferred fact begins as a theory, evidence accumulates, and finally a stage is reached
when the probability of error approaches so closely to zero that the reality of the fact
is beyond reasonable doubt.
The smaller viruses were as real as bacteria before the
electron microscope was invented it is only our capacity to perceive them that has
increased. The same could be said of other inferred facts, except that processes can be
perceived only through their effects. Facts of this class seem to correspond, in at least
some respects, to Gilmour's 'clips', but they cannot "be created and abolished at will",
as, apparently, the concept of a chair can; it is our perception and interpretation of
them that can change during the transition stage between hypothesis and proof.
Inferred facts, indeed, seem to have been damned because our knowledge of them began
as theories but it would be as wrong for a zoologist to ignore evolution as to ignore
the mammary glands of a whale.

—

—

—

—

Thirdly,

we may question the proposition that the
number of 'attributes' used in constructing

•depends on the

generality of a classification

This statement is repeated
subsequent empirical taxonomists, but none of them, so far as I have seen, has
brought forward evidence to justify it, and the numerical taxonomists hold that it is
possible to approach an asymptote of information. It seems logical to suspect that the
general usefulness of a classification will depend more on the variety of information
used than on an asymptote of any particular kind; and that restriction of information
to one type only, on which the empiricists insist, would limit rather than widen the
variety of purposes for which the classification could be used.
It will be necessary
to return to this point later.
it.

Ijy

most modern

would object rather strongly to classifying
They want to classify populations of whole,
living animals (or their fossil remains), to use individuals as samples of the populaEven some
tions, and the populations themselves as their lowest taxonomic category.
"Who would use empirical taxonomy to define higher categories regard the populations
Fourthly,

^attributes', or

zoologists

even individuals

(p.
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of biological species as 'objective' entities.

The
and

final objection involves a

scientist.

It is that

any

return to the point of divergence of the philosopher
own purpose, and has no necessary

classification serves its

relevance to any other classification or to any other purpose.

Further,

it is

wiser not
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impute relevance unless there is evidence to justify doing so. The essential point
here is that a classification of the animal kingdom should, in the present state of
knowledge, stand on its own feet alone. Zoologists, botanists and microbiologists can
learn from each other's experience, but it is not scientifically sound to say that the
three kingdoms should be classified in the same way simply because they are all living
to

creatures.

The genetic mechanisms

of plants differ rather considerably

from those of

animals, and the levels and kinds of information at present available for classifying
bacteria and viruses are very different from those that are available for classifying
If philosophical considerations had not intruded (it was
higher animals and plants.
almost inevitable, historically, that they should), the normal scientific procedure would
have been for each of the three groups of workers to develop the classification that was
most useful in their own field, and then to seek for evidence of a unifying biological
principle. That can still be done, and the results might still be the same, but we would
be on much stronger ground in saying so.

This is a major weakness in the paper by Sneath and Sokal. Much of what they
write could be applied to microbiology, but some of their statements are nonsense to a
zoologist, the following being a striking example: "Suppose an absurdly extreme overall

convergence had occurred so that two forms were almost indistinguishable and could
what is the purpose of separating them on grounds
Such an event,
of ancestry when in all other attributes they are virtually the same?"
if it could be identified, would be of profound significance to any general zoologist, and
it is astonishing that the authors should have failed to see that it would provide a
biological justification for empirical taxonomy.
readily and successfully hybridize;

necessary to remember that
It is not simply
the province of taxonomists and museum workers to enable them to arrange their
material and identify specimens, it is the concern of all zoologists. It must be acceptable,
informative, and useful to all kinds of workers to ethologists, ecologists, physiologists,
anatomists, geneticists, zoogeographers and systematists alike, and especially to those

Having limited our scope

to the

we then become concerned with

animal kingdom,

it

is

a general classification of animals.

—

who work on any kind

of

There

comparative basis.

may

be special classifications of

particular kinds of information within each division, but there can be only one general
classification as part of one

common language

for zoologists as a whole.

Evolutionary Taxonomy.
our classification is to contain the greatest possible amount of meaningful
information for zoologists, it must take account of facts that can be inferred as well
as those that can be seen (see also Simpson, 1961). Evolutionary taxonomists justify
accepting evolution as a basic taxonomic principle on the grounds that the most
fundamental fact unifying all branches of zoology is that the varied assemblages of
different kinds of animals that we see around us today have been produced in a
continuous stream of life by two phenomena and two processes: lineage (descent, in
If

Darwin's sense), genetic
that this is an inferred

plasticity, speciation,

fact:

and natural

selection.

It

does not matter

the arborescent phylogenetic tree of evolving animals is

believed to be a reality, however dimly

it

may

be possible to see it, and any general
held to be deficient in meaningful

classification that does not reflect that reality is

information.

Further, there

is

abundant evidence that the shape

of the tree has

influenced significantly by at least four additional phenomena, namely:

been

variations in

and in different populations; parallel evolution;,
convergence; and mimicry. Any general classification of animals that does not take
these (and any other relevant processes or phenomena for which there is good
evidence) into account is also held to be deficient both in content and in method.

rate of evolution at different times

There are difficulties, to be discussed later, in agreeing on a precise definition of
phylogeny, and even greater difficulties in drawing dendrograms that represent morethan a broad outline of the phylogeny of any group. These are balanced, to some extent,
by the fact that we are concerned here primarily with relative, not absolute, times an.d
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degrees of divergence within and between the particular groups that

we

are studying,

from comparative anatomy and embryology
The whole structure of phylogenetic
without necessary recourse to palaeontology.
taxonomy is based on assessment of probabilities, which are gradually strengthened by
so that relevant evidence can be obtained

accumulation of evidence, until they ultimately reach a level analogous to a high degree
of statistical significance.
Certainty can never be reached but that is to be expected
by the student of nature, and it is more than compensated by the continuing stimulus
This amounts to no more than saying that the taxonomist, in
to further endeavour.
common with any other original scientist, must act in a judicial capacity if knowledge
is to progress.
If he does not, he can never be more than a hod-carrier of scientific
information.

Simpson (1961) has summarized what a phylogenist does when he develops a
and it may be quoted in slightly shortened form here, because it is both
accurate and succinct. After pointing out that the steps are followed more or less in
the sequence given, "but usually with a good deal of overlapping, jumping and backclassification,

tracking", he goes on:

He

"1.
field

.

.

organisms

selects or obtains the

but usually they are collected as

.

He may

to be classified.

museum

specimens.

.

.

study them in the

.

He

observes and records data about the organisms, and also assembles from the
the data already recorded about the particular groups he is studying.
The needed data are of many different kinds
some data, minimally those of locality
and (for fossils) horizon, can only be observed in the field.
2.

literature

.

.

.

.

.

.

.

.

He

.

taxonomic units, demes (local populations
.),
subspecies, or species as may be appropriate. He then analyses the data on polymorphic
forms and all kinds of variations
inferring population characteristics from the
sample in hand.
This
overlaps the two preceding and also the two following
3.

sorts the organisms

into

.

.

.

.

.

.

.

.

activities.

He makes comparisons among

4.

special attention to the kinds

These procedures,

shown.

He

5.

taxonomic
6.

On

the

concepts,

especially:

.

.

of resemblances, differences,

too, are largely statistical in principle.

interprets

specialization.

with
and sequences

the characteristics of the varying units,

and degrees

relationships

revealed

homology,

by comparisons

in

convergence,

parallelism,

terms

of

basic

primitiveness,

.

the interpretations

evolutionary pattern

among

made

in the last procedure, he bases inferences as to the

the populations studied.

He may draw an

actual diagram,

He may use some other
preferably an inferred phylogenetic tree or a dendrogram.
In any event, he reaches convisualization or may proceed in wholly verbal form.
.

.

.

—

(meaning propinquity of descent I.M.M.) such as are repreHis conclusions will also involve some considerations, as of degrees
of divergence, that cannot readily be shown by a tree diagram.
clusions as to affinities

sented by a tree.

7.

He

translates his conclusions on affinities, divergence and so on into hierarchic

terms, assembling and dividing the various groups of organisms into taxa of various

ranks.*
8.

According

to

rules

and usages, he

applicable to the recognized taxa, and

selects

when

from previous publications names
names

there are no applicable published

he coins new ones."

The essence

—

procedure is comparison between animals and between their
between their characters, singly and in groups (including those of
pre-adult stages and of fossils, if available); between sequences in characters; between
ontogenetic sequences; and between karyotypes and genetic mechanisms, when that
can be done (White and Key, 1957, provide an elegant example) not limited to the
members of the group under study, but extended to neighbouring groups that are
of the

functional needs;

—

* More usually, he takes an existing classification, tests It against his phylogenetic findings,
and modifies it where inconsistencies are apparent, but the principle is the same. (I.M.M.)
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important, because some significant features,
are often revealed more clearly by com-

characters,

parisons between than within groups. Elucidation of basic patterns in wing venation
and genitalia of insects, for example, depends very largely on inter-group comparisons.
When, too, larval and adult stages are adapted to different modes of life, and con-

sequently subjected to different selection pressures, separate analysis should reveal
same basic phylogenetic pattern in both, though the degrees of divergence may differ

the

widely.

These are the classical procedures of comparative morphology, and
be forgotten

how

it

should not

greatly their use, in able hands, has influenced the current classifica-

(1940) illuminating study of symphylan embryology is but
examples that might be given. Close reasoning and a high
level of judgement are essential to produce convincing results, and there have consequently been several recent attempts to achieve the same ends by simpler, more
objective means. Hennig (1957 and earlier papers) began the process by discriminating
more precisely between characters that are useful for phylogenetic analysis and those
that are not; Cain and Harrison (1960) continued the study of discrimination, and
developed a numerical method of comparing the phylogenetically significant residues;
and Giles (1963) has used a similar procedure in a phylogenetic study of the Dermaptera
which I have been privileged to read in manuscript. Michener and Sokal (1957) had
also developed a mathematical approach to the estimation of resemblance, and adapted
it to a study of phylogeny.
The trend has thus been towards an increasing use of
numerical methods, which is essentially parallel to the modern development in empirical
taxonomy.
tion of animals.

one of

many

The end

Tiegs'

illustrative

result of all these endeavours

picture of the animal

kingdom which

is

is

an arrangement

consistent with

and divergence. In this form, as
both intelligible and useful to zoologists in general.

of the real course of evolution
is

what

of taxa that gives

a

known or surmised
will be shown later, it

is

Developments in Evolutionary Taxonomy.

To judge from Simpson's review and the papers that one reads, most practising
morphologists and taxonomists accept an evolutionary foundation for the classifications
they adopt. Many of them, in particular, do make a serious attempt to test characters
for evidence of retarded evolution (primitiveness), divergence (specialization), parallel
evolution, and convergence, and to estimate the contribution that each has made to the
overall resemblances and differences between the populations or groups of animals that
they are comparing. Most (including the writer in the past) seem to have been content
to stop there, and to build their supra-specific taxa on an ad hoc compromise between
the demands of phylogeny and those of corrected overall resemblance.*

by Darwin in more precise terms
required for it. It has a useful
degree of fiexibility, which is one reason for Simpson's distinction between the science
of taxonomy (concerned with principles) and the art of classification (concerned with
practice)
but it does not take specific account of some important problems.
Adoption of phylogeny as the appropriate basis for an evolutionary classification
commits us, as Hennig has emphasized, to an hierarchical system, and practical considerations limit its presentation to, at most, two dimensions and a manageable number
of categories. This, in turn, limits us to an outline that can be no more than a broad
sketch of the evolutionary relationships of animal groups, or, in Simpson's words, one
that is consistent with their relationships. This is not a weakness. A geological map
of a country is no less useful because the details have to be included in a fat volume
of explanatory notes
in our terms, in the definitions and discussions of the taxa.
This procedure

that

it

may

is

so close to the one proposed

be called 'Darwinian'

if

a group

name

is

;

—

* There have also been a good many secundum artem taxonomists of the kind described
by Cain and Harrison (1958), but they are a dying race, and we are not concerned with them

here.
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is needed to reduce a multitude of facts to their simplest, most inclusively
meaningful terms, but that is a responsibility which anybody who practises the art of
classifying animals should be willing to accept.

Judgement

There is greater conflict between an abstract desire to present an orderly, balanced
arrangement and the duty to present a picture that is as close as it can be made to
what has happened in nature. Many of the higher taxa represent grades of organization; birds share a

common

ancestry with crocodiles; the

mammals

are "polyphyletic";

there have been parallel lineages in geological time; different groups of animals have
evolved at different rates; and there have been other events that are difficult to fit into
a precisely ordered system.

Do

Simpson has endeavoured

these belong to the
to

meet some

"map" or

to the

of these difficulties

"explanatory notes"?

by defining monophyly

as "the derivation of a taxon through one or more lineages

(temporal successions of
ancestral-descendant populations) from one immediately ancestral taxon of the same or
lower rank".
His justification is that higher taxa do have a degree of reality or
'objectivity' that is indicated by the evidence of genetic relationships within them and
of gaps separating them from other taxa of the same rank; they could, at least in
theory, be traced back to an ancestral species or group of related species that had
'objective' reality.
This definition solves a number of formal problems; but it ignores

—

Fig. 1.
Dendrogram of a group of Tabanidae. C and B were regarded as subgenera of
on account of their relatively slight divergence, but it is clear that they would more
properly be associated with B and F, respectively.
The letters chosen for the top line
correspond to nomenclatural priority.

D

have the same freedom (though not
same capacity or stimulus) to diverge from one another as have species
of different taxa, and it would seem to be more realistic simply to recognize the biological
inevitability of some degree of "untidiness" in our system: we are classifying animals,
not abstract ideas. The essential difficulty is to know where to draw the line.

the

fact

that different species within a taxon

necessarily the

Hennig (1957, and earlier papers that have not been available to me) has adopted
a different approach. He believes that phylogeny, in the strict sense of lineage, should
"...
be given absolute priority in making a classification. As he put it later (1962)
:

unequivocal relations exist between a presentation of a genealogical tree and a defined
system of an hierarchical type. ... If one has the one, one has fundamentally the other
the genealogical tree, and only such
too. We call a system that is a transcription of
.

.

.

He relies mainly on distinguishing between
a system, a 'phylogenetic system'."
primitive (plesiomorphic) and derived or specialized (apomorphic) characters, uses
derived characters only to distinguish between lineages, and he excludes the common
possession of many primitive characters as evidence of close phylogenetic relationship.
This system has a firm foundation, in that it accepts speciation (i.e. the moment
reproductively isolated and can evolve separately) as

when populations have become
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the point of separation of lineages, and the hierarchy of classification that is constructed
It is supported, for example, by
is completely consistent with the hierarchy of lineage.

Hinton (1958 and earlier papers), and it seems to be finding favour, because one finds
workers on various groups beginning to use 'apomorphic" and "plesiomorphic" almost
Hennig has done a great service in showing how cautious we
as everyday terms.
should be in deviating from strictly phylogenetic considerations, but his system does
not meet the difficulties in dealing effectively with unusual divergences (like the birds)
on the one hand and the classification of primitive animals on the other.
I can see no practicable alternative to an ad hoc or Simpsonian solution to the first
problem, but the second requires closer examination. It is a real problem, because there
is good evidence that some taxa have persisted with remarkably little change through
long periods of geological time, and there is evidence, too, that some of them have
given rise to offshoots that have diverged quite widely from the parent stock. Figure 1,
from a forthcoming paper, is an example in the insects, with the names of the taxa

replaced by letters.

The deep

clefts in the central

stem represent ancient geographical

divisions in the stock and opportunities for speciation, the divergent lines originated

than these, and the horizontal distances separating the ends of the branches
approximate to the degrees of divergence that have developed between the different
groups of species. A, B, C, E and F can be placed effectively in a strictly phylogenetic
system by using derived characters, but D cannot, because the differences between the
ancient segregates are no greater and no more regular than those between more recently
later

isolated species.

Hennig (1962) has appreciated

this difficulty, and would call the central band
These ancient paraphyletic groups differ from monophyletic groups of
any age only in having given rise to diverging offshoots, and they would not have been
recognizable as paraphyletic if they had not happened to do so.
It is appropriate to
recognize them as distinct from their offshoots; but that does not destroy their
continuing internal uniformity, which it is equally appropriate to recognize by treating
them as single monophyletic taxa and accepting the wider implications that doing so
implies.
There does not appear to be any evolutionary inconsistency in adopting this
principle.
It simply means that groups that are distinguished by their assemblage of
primitive characters (and overall resemblance in these characters is of practical impor-

'paraphyletic'.

tance in avoiding error) are given equivalent recognition to those that are distinguished
sufficient derived characters to indicate divergence on a separate phylogenetic and
evolutionary line.

by

Ceiticisms of Evoltjtionaey Taxonomy.

Evolutionary taxonomy has been criticized on both theoretical and practical grounds.
Some of the criticisms have been considered already, but it is necessary to examine
them more closely in order to discover what substance there may be in them.
1. It is clear, from Gilmour's 1951 paper, though not from his earlier one nor from
Sneath and Sokal (1962), that there is no theoretical objection to basing a classification
on an evolutionary foundation; the objections are to the kind of information that is used
and the way it is used in constructing the classification. This question has already been
examined, and it does not seem possible to reconcile the opposing points of view. The
nearest to a rapprochement that can be achieved may have been indicated by Hanson
(1962), when he said that "science and the logic of science are fundamentally different
disciplines which none the less intertwine", and stressed the value of the intertwining
to both disciplines.

"logical pitfalls" or "circular reasoning" in attempts at phyloSneath and Sokal do not give any reasons; Gilmour (1940) bases
his conclusion on some unexplained difference between a species and a monotypic
genus. So far as it can be made out, the general inference seems to be that evolutionary
taxonomists base their classifications on overall resemblance, and then call them
phylogenetic, which is not true.
To make a preliminary arrangement on general
2.

Critics refer to

genetic classification.
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resemblance

(as

often done), test

is

its

components

for

phylogenetic concordance or

discordance, and then base a classification on the results of those tests,

is

not circular

reasoning in any sense of the words.

has also been maintained in discussion that Darwin did not found any new
classification, and that his work did not greatly influence subsequent taxonomic
procedure. That he provided a new foundation for the classification is clear from the
following quotation ("The Origin of Species", 6th ed., 1872, Chap. 14) "All the foregoing
rules and aids and difficulties in classification may be explained, if I do not greatly
deceive myself, on the view that the Natural* System is founded on descent with
modification;
that the characters which naturalists consider as showing true affinity
between any two or more species, are those which have been inherited from a common
parent, all true classification being genealogical;
that community of descent is the
hidden bond which naturalists have been unconsciously seeking, and not some unknown
plan of creation, or the enunciation of general propositions, and the mere putting
together and separating objects more or less alike."
It is equally clear that the
phylogenetic systems already discussed and the many changes that they have produced
in the classification of animals are logical consequences of those words.
3.

It

system of

:

—

—

The principal

practical objection has been that

assess phylogeny,
Moreover, the significance
of differing degrees of divergence cannot be assessed without discriminating between
characters ("weighting" is the word generally used but it carries a misleadingly
quantitative implication). It is clear, from what has gone before, that the phylogenist
is as aware of these difficulties as his critics, and that he is not entirely without
resources in attacking them. Most of the criticism has, in fact, been misdirected. Thus,
Gain and Harrison (1958), who are not really critics of phylogenetic taxonomy, begin
with a statement of what "taxonomists" do, and the whole of their thesis follows
4.

and some say that

it

is

it

is difficult to

impossible without fossil evidence.

from that premise. The only fallacy is that the premise is true for secundum
artem taxonomy, but false for phylogenetic taxonomy, as they themselves show in their
later (1960) paper.
On the other hand, Bigelow (1958) sets out to question "three
basic tenets" of the "phylogenetic school", of which two are not tenets at all, and the
third is analysed in a way that is difficult for a practising phylogenist to comprehend.
Simpson has stigmatized arguments of this kind as "setting up straw men".
logically

5. Arising out of the preceding is an objection to the inherent instability of a
phylogenetic classification and the fact that it must change as knowledge of the
relationships of the animals increases. This will be returned to later from a different

point of view, so no more need be said here than that there
living classification that keeps pace with advancing

is a great advantage in a
knowledge and points the way to

further research.

Numerical Taxonomy.
This system (which might, more appropriately, have been called "numerical classification") is the logical expression of empirical taxonomy, in the same way that a
Its
phylogenetic classification is the logical expression of evolutionary taxonomy.
essential features are summarized below, statements in quotation marks being from
Sneath and Sokal (1962).
1. It is defined as "the numerical evaluation of the affinity or similarity between
taxonomic units and the ordering of these units into taxa on the basis of their
affinities".
(It is to be noted that "affinity" here means similarity and nothing else.)

founded on Adansonian empiricism and the general theories about classificapp. 325-6, and it has no necessary relationship to animals or to any
other living things. It specifies, in particular, that it "insists on the separation of the
2.

tion

It is

summarized on

* "Natural"
here and "affinity" further down are interesting
philosophical usage of these terms current in Darwin's day, and of
meanings for zoologists.

examples

of

the

how he changed

old
their
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from phylogenetic

resemblance)

speculations".

"The primary aims

3.

that

it

of the

method are repeatability and objectivity", in the belief
which will not need extensive revision as new

"will lead to stable classifications

knowledge becomes available".
4.

is

It insists

irrelevant to

that all characters should be given equal weight, and that their history

taxonomy (nevertheless,

it

employs a system

of its

own

for selecting

characters to be used).
5.

The groups

sufficient

a high proportion
6.

It

it

creates are "polythetic", in that "no single attribute

and necessary

for

membership

in the

is

in theory

group so long as the members share

of characters".

uses mathematically determined estimates of similarity, which,

it

claims, allows

the formation of "natural" taxonomic groups. Its most important procedure is computation of "phenetic" (= phenotypic) resemblance, and it aims to use at least 40, and
preferably more than 60, characters for this purpose, thus approaching an asymptote
of "information" included in the classification.
It is

difficult to

make any

general appraisal of the effectiveness of the system in

does not appear to have been used so far to reclassify
any major, well-known group, such as an order of mammals, nor tested against examples
of extreme convergence, like Thylacinus and Lupus or Notoryctes, Spalax and Talpa*
classifying animals, because

it

Michener and Sokal (1957) obtained results with megachilid bees that did not differ
very greatly from the existing arrangement (which is to be expected), but the senior
author was concerned with improving a phylogenetic classification rather than replacing
They demonstrated that the technique may be useful for this
it by a different one.
purpose, so it is necessary to distinguish between theory and application when
criticizing the system.

Criticisms of Numerical Taxonomy.
It

is,

perhaps, no real objection to numerical taxonomy, as a purely mechanical

system, that it could lead to abandonment of the code of nomenclature and replacement
of taxonomists by computers (Jahn, 1962)
or that an immediate practical difficulty is
that a computer is an essential tool for its operations even today. There are more basic
objections to adoption of its principles in zoology.
;

1.

and

Although

it is

it classifies

the end-products of evolution,

its

basis

therefore non-evolutionary in approach and content.

fairly be said to be 104 years out of date, because

Darwin

is strictly

empirical,

In this respect,

it

can

laid the foundation of a

more meaningful system in 1859. That the hierarchies it produces would usually agree
with those produced by evolutionary taxonomy should not be allowed to obscure the
basic difference between the systems. It was clear to Darwin, as to later workers, that
propinquity of descent usually is expressed by overall resemblance, and that the ancestry
of many groups of animals is obvious from their phenotypic characters. The apparent
inconsistencies and exceptions are the critical elements that must be brought into the
picture if we are to have a coherent system that is consistent with nature, and numerical
taxonomy can do this only by chance.
2. It is inconsistent with nature in ignoring known effects of evolutionary processes
and assuming that all characters used have equal taxonomic value. As a result, it is
difficult to think of any purpose that it can serve other than as a "storage and retrieval
agency" (Heslop-Harrison, 1962) for a particular class of information, or as a measure
of "static taxonomic similarity" (Sneath, 1961); his second purpose, that it should also
measure evolutionary change, is unattainable to the system, because it denies the
taxonomic validity of a starting point which must necessarily be inferred.
It may be expected, according to Ehrlich and Holm (1962), to develop into
3.
multiple special-purpose classifications, leaving but a vague, ill-defined place for a
* Sneath seems to prefer absurd hypothetical convergences, for he used a different example
in 1961 from that quoted earlier from the 19 62 paper.
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—and
—

general classiflcation.

If

biological

empirical taxonomy

principle

in

that be true

it

it

may

be, because there is no unifying
can lead only to chaos in zoological

thinking.

mechanical stability above consistency with the fluid state of present
This 'doctrine of certainty' as it may be termed is dangerous
as well as unrealistic, because it could provide an impediment rather than a stimulus
to further work.
4.

It places

zoological knowledge.

Discussion.

taxonomy

and its results can be final; evolutionary
dynamic, and its results provide a starting point for further study which
ceases only when the law of diminishing returns comes into operation. It is true that
evolutionary taxonomy must, for the sake of order and convenience, also take static
differences into account when constructing a classification, but it does so at a level at
which statistical treatment is superfluous.
Essentially, empirical

taxonomy

is static,

is

Although each system incidentally reflects a good deal of the content of the other,
complete concordance is impossible in any simple hierarchical arrangement, and it is
therefore necessary to choose between them.
The weight of evidence so far adduced
would clearly favour evolutionary taxonomy, but a classification is a tool, and the
crucial test of a tool is its usefulness, an aspect that still has to be examined. This may
be done at three levels, with zoogeography separated from the third as a special case.

The simplest use

of

a classification

is

for

sorting and

identifying species, and

arranging them in a collection for convenience of reference. There is little to choose
between the systems for these purposes, although the precision and stability of
empirical taxonomy would be an advantage. The arrangements would differ from each
other, but not as much as an alphabetical one which a few museum workers seem to
find convenient.

At the second level are problems that involve simple discrimination between species.
These include studies of distribution at the specific level, of uncomplicated speciation,
of some ethological and ecological problems, of host-parasite associations, of at least
some cytotaxonomic problems, and a good many more of the same general kinds. Again
there is little to choose between the systems, because their methods at this level scarcely
differ,

even quantitatively.

third level includes problems that involve relationships between species, and
here that the difference in usefulness of the systems becomes sharply apparent,
because there are few relationships that can be elucidated without discriminating between
different kinds of resemblance and the evolutionary processes that have produced them.
All comparative work in morphology, embryology and physiology depends on making
these discriminations, while studies of phylogeny not only depend on them, but their
results can be expressed most usefully in a classification of the animals compared.

The

it

is

Studies of speciation involving evolutionary sequences are equally dependent and I
imagine that many ethologists, ecologists, parasitologists and others would want to
know whether species that they are working with are 'near in blood' or only in adaptive
responses. For none of these can empirical taxonomy provide a reliable background.

Zoogeography requires separate consideration, because, as Hennig (1957, 1960, and
other papers) has repeatedly emphasized, modern zoogeographical analysis depends, not
only on the use of an evolutionary classification, but on one that is strictly phylogenetic
in his sense of the term.
"We must not only exclude convergence; we can only use
groups of which the propinquity of descent has been worked out, and we cannot rely
on faunal lists unless we know the basis of the classifications used in them. Realization
of that principle during the past forty years or so marked the transition between 'old'
and 'modern' zoogeography, and it is interesting that the 'old' and the 'modern' have
much the same sort of relations to one another as pre- and post-Darwinian taxonomy.
Clearly, a phylogenetic classification has many advantages over an empirical
classification for a considerable range of fundamental zoological enquiries; but it is

)
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it has many deficiencies, and is still evolving both in principles and
Cain and Harrison (1960), who have contributed to its evolution, have also
pointed out that we must still accept the classifications of many of the less well-known
groups of animals as essentially empirical. Fortunately, that fact is usually easy to
recognize from the way in which they have been constructed, and it provides the
essential stimulus to further work that is probably the most useful characteristic of
evolutionary taxonomy.

equally clear that
practice.

Conclusions.

The conclusions
They are:

drawn from

to be

this review are self-evident

and simple

to express.

Evolutionary taxonomy has a sound theoretical foundation.
imperfect in application, and is almost inherently incapable of perfection.
Nevertheless, a phylogenetic classification based on it has a greater content of
meaningful information and wider general usefulness for zoologists than any other
system that has been proposed.
3. Empirical taxonomy is deficient in meaningful information, more likely to retard
than facilitate research, and its general adoption would be a retrograde step in zoology.
4. The most urgent need is research into ways to increase the amount and reliability
of the phylogenetic information that can be obtained from comparative morphology,
embryology and cytology, and here the methods, though not the principles, of numerical
1.

2.

It is

classification are likely to be of value.
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NOTES ON THE GENUS STIGMODERA (BUPRESTIDAE) AND DESCRIPTION
OF NEW SPECIES.
By

C.

M. Deuquet, B.C.

(Five Text-figures.)

[Read 30th October, 1963.]

The genus
Buprestidae.

It

Stigmoclera

is

the

largest

could be said to be

of

fifty

odd

genera

of

the

were not

for

the

Australian

exclusively Australian

if

it

existence of the smaller genus GonognatJia of South America, its close relation in
Both are noted for their rare chromatic features and the
the Buprestid world.

harmonious and symmetrical arrangement of their bright and multicoloured species.
The Stigmodera group is admittedly difficult to classify accurately. This is due to
several reasons: (1) The multiplicity of the species and their diversity of pattern and
coloration frequently attributable to sexual differences but mainly due also to
geographical conditions which greatly differ in the huge Australian continent.
(2)
The fact that the early authors (mostly English, French or Belgian), lacking the
almost indispensable experience of

many

field

observations in the Australian "Bush",

made

and frequently gave in their descriptions different names to
insects of the same species showing only unessential differences, and often failed to
publish figures of the specimens they were describing.
As the types of the insects described by those foreign authors almost invariably
remained abroad, identification by local students of uncommon species is not easy
unless coloured reproductions of those rare types are available in Australian museums,
which is not always the case.
Remarkable external differences between the sexes of the same species frequently
occur in Stigmodera.
Pattern and ornamental design may happen to be so different
between the (^ and the $ that only field experience would disclose their exact identity.
Influences which cause those variations are multiple and still imperfectly known.
A striking example of this dimorphism is the case of Stigmodera maculiventris
first described by Sir William Macleay in 1862.
The J' and the 5 greatly differ in
appearance: the J is a three colour insect (black, yellow and red) showing two wide
black fasciae and a large triangular apical mark of black and vivid-red tint, while
the generally smaller (^ has dark marking only along the suture widening often into
a bright-red preapical patch. Sometimes the J" shows much the same markings on the
elytra as the 5j l^ut reduced to smaller spots.
Later, in 1890, Kerremans described a
5 of the same insect which he called Stig. praecellens.
In June, 1916 (Roy. Soc. of S. Austr.), Carter described as new species two (^ of
the same insect again, captured by Masters at Berrima, N.S.W., naming them Stig.
notaticollis.
These two J' specimens are in the Macleay Museum at Sydney University.
Dr. Obenberger of Czecho-Slovakia was misled by the dissimilarity existing between
the sexes of the same insect and described both separately, in 1922, as belonging to
different species. He named the 5 Stig. nickerli and the J* Stigm. strandi, thus adding
two more errors to his already impressive record.
All the above wrongly named specimens should therefore be labelled Stigmodera
misidentifications

maculiventris (Macleay).

Stigmodera vigilans Kerr., S. generosa K., and S. imitator Carter.
Another example of sexual variation is that of two small Stigmodera (Castiarina)
both described by Kerremans in 1898 as belonging to two different species, while they
are in fact cospecific, Stig. vigilans being the $ and S. generosa the c^.
There were
some excuses for that because Kerremans never had the benefit of field experience in
Proceedings op the Linnean Society of
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Australia, and besides, while he noticed some variation between the two, he did not
Here are the few differences
suspect that it was merely due to sexual dimorphism.

that
1.

can perceive between the two:

I

vigilans the $

is

slightly broader.

1.

generosa

the

slender and
2.

The dark bands

seem

elytra

the

of

2.

wider and the yellow area of duller

is
somewhat
,^
more elongated.

more

The dark bands appear narrower and
the yellow area more brilliant.

colour.
3.

Apical

dark marking more

rounded.

3.

more

Apical

cordiform

more

and

attenuated.

This particular apical feature marking sexual variation is noticeable to a lesser
degree perhaps in a number of Castiarina such as bicincta, simulata, undulata, grata,
I should add also that the slight difference of pattern between the
ol)Uta and others.
sexes is not absolutely constant. 8tig. vigilans having priority over 8. generosa, these
two insects should both be known as Stig. vigilans Kerr.

2

e

5

Fig. 3
StigmoFigs. 1, 2
Stic/modera vigilans Kerr. 1, d, ?
2, two pairs taken in cop.
c, S.
Fig. 4
dera imitator Carter.
a, Stigmodera cydista Rainbow
h, S. minuta Bllvb.
(Castiarina) mediana Deuq.
Fig. 5: Stigmodera rotundata Saund.
:

:

;

:

I

found vigilans quite

of N.S.W.

common

and frequently saw them

four pairs thus mating.

I

;

;

in

the mountainous

in copulation.

I

district of the south coast
captured and mounted on card

gave one pair each to the Macleay Museum, the Australian
still have one pair (Fig. 2)

Museum, Sydney, and the British Museum, London, and
in

my

collection.

Mr. Carter captured at Mts. Wilson and Irvine in the Blue Mts. of New South
Wales a fair number of a small Stig^nodera which he described (Proc. Linn. Soc.
N.S.W., Iv (1930)
180) and named imitator, nov. spec, and of which he kindly gave
me a pair (Pig. 3). I examined them carefully and compared them with my vigilans
I still
(generosa), having in front of me Kerremans' description of both insects.
:

remain

fully convinced that all three belong to the

Stig. vigilans Kerr.

I

vigilans Kerr., 1

1

J',

same

species

and should be named

include in this paper a series of photographs showing two Stig.
5

(Fig. 1),

two pairs

of vigilans

taken in cop.

(Fig.

2)

and

a pair of imitator Cart, visibly $, (^ (Fig. 3). They illustrate the more rounded apical
form of the 5 as mentioned previously and the more attenuated shape of the (^.

:

:

:
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Stigmodera mediana,

The most colourful

(Fig.

n. sp.

c).

4,

of our Castiarinae is probably S. cydista

Rainbow

(Fig.

4,

a),

found around Sydney, the Blue Mts., and occasionally on the south coast of New South
Stigmodera minuta Blkb. (Fig. 4, h), a much smaller insect and of more
Wales.
modest appearance, closely allied to cydista, is taken fairly commonly in Queensland.
An intermediate form between the two, clearly belonging to the same group, is taken
in the New England district of New South Wales (Armidale) and in the Northern
This species shows such constant and obvious
Rivers as far north as Lismore.
variations from both cydista and minuta that I am, I think, quite justified in claiming
specific rank for this new type which I propose to name Stigmodera subgen. Castiarina
Its differences in size, colour and pattern from minuta can be seen at a
mediana.
From cydista it can be distinguished by the following differences:
glance.
Stig.

Form and
Larger,

cydista Rainb.

Stig.

mediana Deuq.

Structure

broader,

more rugged

surface.

Colour:
Brighter, more glossy.

Narrower, more convex, smoother surface,
narrowly elongate, attenuated behind.
Less brilliant.

Predominant Elytral Colour:
Glossy-green,

orange-yellow area smaller.

Dark-violet showing

little

sheen,

yellow

area proportionally larger.

Pronotum
Spade-shaped discal mark bright green,
vivid coppery at side.

When

viewed

frontally,

the

pronotum

appears almost entirely bright-green
with the thin green discal mark hardly
noticeable at first sight, especially with
the

J'.

Elytra
Elytral

vittae

margins

brilliant

wider,

strongly

basal

green,
costate

and

Dimly

violaceous

narrow,

punctate, the ridges being particularly

little

sinuous and elevated towards apex and
preapical part.

minutely

Underside
whole

The

surface

brilliant

green,

coarsely punctate, punctures deep and
close.

nearly

:

81 x 3J

mm.

border

very

punctate

-

intervals

striate,

flat.

Coppery-green over the prosternum area,
the upper margins of elytron and legs
bronzy-green,
the
remainder of the
entire abdominal area brilliant copperyred.
Seriate
punctures
smaller,
alternate

Dim.

basal

smooth surfaces, sides
sinuate,
finely
serrated
and
ovate,

7J X 3

Hab.:

Type

intervals

mm.
New England

subcostate.

district

(Armidale).

Museum, Sydney, one
paratype
each
to
British
Museum,
Macleay, Paris and Brussels Museums.
in Australian

Stigmodera rotundata Saunders and Stig. eborica Carter, 1934.
The form, size and coloration of Stig. rotundata Snd. do not change much, but
the number and size of the spots on the elytra may greatly vary, as will be seen in
In a the markings are unusually large.
the five specimens figured (Fig. 5).
In b
and c are seen examples fairly commonly met with in the countryside around Sydney.
It will be noticed that in c and d the markings are gradually becoming fainter; e is
All five were captured by me at Appin,
exactly Stig. eborica as described by Carter.
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Wales, but I have in front of me several eborica taken at Ebor.
These
show once more the great variability of our Australian Stigmoderae and
emphasize the caution against giving specific names to insects of that family when
Stig. eborica would be too generously
intermediate forms are known to be common.
Years ago, I captured at Ebor one
treated if given more than a varietal name.

New South

illustrations

example of 8. eborica differing much from the usual type by its distinctive colours:
the head, pronotum and scutellum, usually bright-green with eborica, are coppery-gold,
while the prosternum and whole underside, entirely dull green with eborica, are dull
coppery with this unusual specimen. I wonder whether any such freakish species has
ever been recorded or if it is simply a solitary hermit deviated from the original type.
Corrigendurn.

Stigmodera astridae, which

described as nov. sp. in Proc. Linn. Soc. N.S.W., 15th
be erased from the list of Australian Buprestidae. It had
I

September, 1938, should now
been described and named Stig. obliqua by Kerremans in 1902.
No example of this
species existed in 1938 in any Australian museum nor in any private collection in
Australia, which explains but does not excuse my slip.
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OBSERVATIONS ON SOME AUSTRALIAN FOREST INSECTS.
16. Lepidoptera Attacking Pinus spp. in New South Wales.
By K. M. Moore, Forestry Commission of New South Wales.
(Plate xviii;

twenty-three Text-figures.)

[Read 27th November, 1963.]

Synopsis.

Because of the importance of softwood timbers to the economy of New South Wales,
planting's of exotic Pinus spp. are increasing- annually at an approximate rate of 5000 acres.
As a basis for the protection of these plantations from insect attack, a study was made
of the biology of those indigenous insect species causing damage to Pinus spp. in New South
Wales.

Introduction.

During

1961,

the

area

of

New

South Wales reserved for Forestry was 3-9%,

represented by 7,750,000 acres of State Forests and Timber Reserves mainly composed
of hardwood species. The area of exotic coniferous plantation was 83,750 acres, or about
total acreage reserved for Forestry, and the Forestry Commission is to
continue planting softwood types at a minimum of 5000 acres per annum until a total
area of 200,000 acres is established (Henry, 1962). As the Commission is attempting
to reduce importations of softwoods to New South Wales, the importance of such a

1-0% of the

programme of softwood production to the economy of the State is evident.
As the area of exotic softwood plantation increases, the necessity to protect such
a valuable pure stand crop also increases, so that basic information concerning current
and potential attack by indigenous insect species becomes of considerable importance.
Preliminary investigations into the life-cycle, habits and recognition of such insect

were commenced during 1960.
Eighty species of insects have been listed as attacking Pinus spp. in New South
Wales (Moore, 1963), and of that total, 38 species of Lepidoptera were concerned.
species

some relevant details
immature and adult stages and characteristics which may permit their

To

assist in the identification of these species of Lepidoptera,

of

their

recognition are given.

The families of this group of insects are now dealt with in the order of their
apparent potential economic importance, as are the species within each family.
Family PSYCHIDAE.
Of the numerous species in this family of moths, four species have consistently
occurred in large numbers on Pinus spp., severely damaging foliage. Young trees up
to 10' in height have been defoliated, but large trees, although supporting a large
population, have not appeared greatly affected.
To avoid confusion with the "bag-moths" such as Panacela lewinae (Lewin)
(Lewin's bag-moth) and Ochrogaster contraria (Walk.)
(bag shelter caterpillar),
species of the Psychidae are usually termed "case moths" because of the larval habit
of carrying around an outer silken case, to which portions of the host plant are
attached externally.
The case which the individual larva inhabits and pulls around
may be variable in shape because of the attached foliage or portions of branchlets of
the host plant.

Hyalarcta hubneri Westw.

(leaf case-moth).

This species occurs throughout most of the State except perhaps the drier western
areas.
It feeds on a very wide range of hosts which includes several Eucalyptus spp.,
Angopliora floribuncla, Pinus radiata, P. elliottii, P. ayacahuite, Livistona australis
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(cabbage-tree palm), RuMs sp. (blackberry), the unopened flowers of Leptospermum
minutifolium and most cultivated fruit trees.
H. hubneri has a life cycle occupying from 6 months to 18 months, while 12 months
appears to be most general. Larvae may occur during most months of the year, and
adults from August to May. The cases are shown in Plate xviii, fig. 2.
The wingless female adults rarely leave the pupal exuviae or the cases,
Adults.
and their pupal exuviae contain large quantities of cream scales. The head of the
female may protrude from the distal end of the exuvia and the case. Females bear
vestigial thoracic legs and head, the latter being covered dorsally by a semicircular
cowl-like structure.

Table

Key

to

l.

Families by Characteristics of Larvae occurring on Pinus spp.

A
Larvae densely hairy
B
Larvae not densely hairy
A. Larvae densely hairy.
Etjpteeotidae
Larvae inhabiting bag shelters
Larvae not inhabiting bag shelters.
Larvae vsdth a medio-dorsal protuberance on abdom. seg. 7, or on segs. 6 and 7 Lymantmidae:
Larvae without such protuberances.
Anthelidae
Head capsule with a pale vertical tapered median stripe
Head capsule without such stripe.
Head capsule dark, with numerous pale yellow setae setae and body verrucae metallic
.

.

;

Notodontidae

blue-green

Head

capsule dark, without numerous yellow setae.

Larvae grey, or black with yellow or orange verrucae and/or longitudinal

Arcthdae

stripes

B. Larvae not densely hairy.

Larvae
Larvae
Larvae
Larvae

Head
Head

Psychidae
Geometkidae
NocTUiDAE

case-bearers

loopers or semi-loopers

smooth, short and stout
inhabit silken tunnels on outer shoots.
capsule pale

yeUow

or pale

brown

capsule with dark markings as in

ToRTRiciDAE
fig.

11.

Prothorax with dark transverse marks
Prothorax without dark transverse marks.
Larvae mottled pink-brown with pale green suffusion,
or Larvae in silken tunnels in wood, and feed on wood or bark,
or Larvae in silken tunnels among debris in crotches

Xyloryctidab

Oecophoeidae

Male moths usually emerge between 3 p.m. and 6 p.m., and are swift fliers. The
thorax and abdomen are black, and the antennae and distal tip of the abdomen are
orange in colour. Wings are hyaline suffused pearly white, and at emergence bear a
few black scales near their bases and along the costa, but these scales are often
detached after the adult has commenced to fly.
Large populations of larvae are usually reduced in number during
Parasites.
the early instars by several species of Diptera and Hymenoptera. From 48 specimens
from the 2nd to 4th instars collected at Somersby, 94% were parasitized, while a
further 34 specimens of the same generation and from the same locality, collected
and examined at a later date, showed 100% parasitism. Parasites include Spoggosia
(Diptera:
Tachinidae),
remota Walk.
BotanoMa sp.
(Diptera:
Chloropidae)
Phyllopsyche annulipes Cameron, Charitopinipla pilosella Cameron and Ateleute sp.
(Hymenoptera: Ichneumonidae)

;

and a species

of the Chalcidoidea.

Trigonocyttara clandestina Turn,

The common name given

(thread case-moth).

here because of the larval habit of
descending, together with their cases, on long silken threads from the foliage.
The
species has occurred at times in large numbers along the coast and on the northwestern slopes of the dividing range.
P. radiata, P. elliottii, most Eucalyptus spp., Callitris rhomboidea and other plant
species are attacked.

Damage

is

referred

to

occurs on either small or large trees of P. radiata, and

foliage is attacked along the edges of the needles, or near their bases so that they

either fall to the

ground or hang at an angle

to the

undamaged proximal portion where
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they eventually become brow^n and
to

when

is

it

damaged by adults

Larval cases (PL
longitudinally from

The

silken case

is

xviii,

fig.

Foliage then has a shaggy appearance similar

die.

of the family Curculionidae
5)

16,

are

20

mm.

to

25

mm.

to 3 needles of pine, or thin sticks

(Coleoptera).

in length

and may bear

when feeding on

other hosts.

covered with minute pieces of plant material.

Males and females are winged, the wing-span of the former being about
mm. Porewings are comparatively long and narrow,
and are pale grey with a network of fine black lines; hindwings are pale grey. At
least two generations occur each year.
Wasps of the Ichneumonidae have been reared from larvae.
Adults.

22 mm., and of the latter about 30

Clania tenuis Rosen.
This species occurs in large numbers on large trees of P. raciiata at Sydney and
Newcastle. The larval cases (PI. xviii, fig. 4) are similar to, although slightly smaller
than, those of Clania ignobilis.
Adults emerge from September to January. They are similar to H. hilbneri, but
the head is white, and there is one white longitudinal stripe and a white spot on each
side of the thorax.

ELONGATUs

OiKETicus

Host

Saund.

(Saunders'

plants include P. radiata, Eucalyptus spp.

case-moth).

and several species

of cultivated

Moderate numbers have attacked large trees of P. radiata at
The large cases (PI. xviii, fig. 1), with short lengths of twigs from the
Newcastle.
host plant attached, may measure up to 12 cm. in length.
fruit trees

Some

and shrubs.

larvae appear to require two years to attain the adult stage.

Adults have

emerged during September.
Lepidoscia

?

puNOTiFEKELLA

(Walk.)

(couical

case-moth).

one of the smaller case-moths and is often found in large numbers
on P. radiata, from Sydney to Glen Innes, Larvae feed along the edges of needles.
The thin, tapered conical cases, 25 mm. to 28 mm. in length (PI. xviii, fig. 7), are
composed of short lengths of pine foliage placed contiguously in approximately four
adjacent longitudinal bands.
Forewings of adults, which have a wing-span of about 15 mm., are
Adults.
brownish-black suffused lightly with yellow, with two transverse narrow white lines
at one-third and three-quarters the distance from the base of the wing.
The basal
The abdomen
half of the hind-wing is yellow and the distal half is grey to black.
and thorax are black. There are at least two generations each year.

This species

is

Narycia

sp.

(angular case-moth).

fig. 6), about 8 mm. in length, bear portions
of foliage transversely, placed contiguously and usually at about 80° to the
perpendicular case, so that the shape of the case is somewhat rhomboidal.

The

cases of this species

(PI. xviii,

Distribution and
species.

It

life cycle of this species are similar to those of the previous
has been found damaging P. radiata, P. pinaster and Callitris rhomboidea.

Forewings are brown with a creamy
Adults have a wingspan of about 12 mm.
area near the costa at about half the distance from their bases, and a spot on costa
at three-quarters. Hindwings ai'e pale brown.
A species of Aulosaphes (Braconidae) and a species of the Chalcidoidea have
been reared from their cases.

Clania ignobilis Walk, (faggot case-moth).
This species is usually found on Eucalyptus spp. and Angophora spp. along the
coast of New South Wales, but very few specimens have been found attacking P. radiata.
C. ignobilis is univoltine. Cases are shown in Plate xviii, fig. 3.
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ANTHELIDAE.

Six species of this family of moths have caused variable amounts of damage to
Of these six species, Anthela nicothoe (Boisd.) has
P. radiata during recent years.
caused severe defoliation of woodlots at Blayney and other areas in the Central
Other species of this family also have occurred in moderate numbers on
Highlands.

Somersby and Sydney, and may be regarded as

P. radiata at

of potential

economic

importance.
All larvae of this family which were examined were moderately to very hairy,
and may be identified by a typical pale median stripe on the head capsule and which
often is wider than the mouthparts at the base, tapering to the epicranium

(Fig. 1).
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Fig. 1. Head capsule of Anthela near varia.
Portion of dorsal surface of segments 1 to 7 of pupa, Anthela ocellata.
Portion of dorsal surface of segments 1 to 7 of pupa, Anthela nicothoe.
Portion of dorsal surface of segments 1 to 7 of pupa, Anthela excellens.

2.

Anthela nicothoe

(Boisd.).

This species occurs on Acacia spp. throughout the highlands of New South Wales,
and on P. radiata. Foliage of the latter species is usually destroyed from the tips,
although needles may be cut through near their bases; defoliation is greatly
accentuated when larvae are in late instars during September to December.
A. nicothoe is univoltine, oviposition occurring during January to March, larvae
from February to the following January, pupae from October to February and adults
from January to March.
Eggs, which are about 1-7 mm. in diameter, and more or less oval in shape, are
deposited contiguously along the needles of P. radiata.
They are at first pale grey,
deepening in colour as the embryos develop.
Larvae bear two types of setae: long thin and barbed, and shorter stout and smooth.
These setae may cause severe irritation of tender areas of the skin. Larvae attain a
maximum length of about 70 mm., and head capsule widths are given in Table 3. It

;

;
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appears that differences between head capsule widths of the two sexes become evident
during the 4th instar.
First instar larva. Length about 6 mm. General colour: black with tan suffusion;
a broad dorsal longitudinal yellow stripe, except on segments 8 and 9 of the prothorax;
Setae on the central area of about one-third the
abdom. seg. 10 white posteriorly.
length of the larva are paler than the tan-coloured extremities; black laterally with
a row of yellow verrucae each joined by a thin white line. Ventral area cream, with
abdom. segs. 1, 2, 7 and 8 grey; prolegs yellow, each with a lateral red stripe.
General colour similar to 1st instar but
Second instar. Length about 12 mm.
with a rose-pink suffusion on most of the length of the paler tapered median stripe
Setae on anterior one-third prominently tan, posterior one-third
on head capsule.
paler, central one-third silvery-grey; white setae from dorsal verrucae on abdom. seg. 1.
Abdom. segs. 1, 2, 7 and 8 usually black ventrally.
General coloration of third instar similar to that of the 2nd instar, but the
ventral area of thoracic segments orange, and abdom. segs. 1 to 7 black, each with a
discontinuous narrow median white line and a white median spot.
Fourth instar similar to 3rd instar except that the tapered median stripe on head
capsule is almost all bright vieux-rose.

—

—

Table

2.

on Pinus spp.

Characteristics of Anthelidae

Length

Larvae

Life-

Present.

Cycle.

Protruding dark setae
appearance to

February

TJnivoltine

no outer envelope.

following

Last

Cocoons.

Instar.

Very hairy
paler

;

brown and

tan, central 1/3

intersegmental

;

setae

Ventral mainly blacli with few cream
markings.
A. nicothoe

Very hairy dark tan-brown
and intersegmental bands
;

;

65

pale.

central 1/3

not

paler.

75

mm.

mm.

70

prickly

to

give

mm;

cocoon

;

January.
Highlands.

Up to
mm.

mm.

35

Thin

pale

;

setae in outer envelope.

pale grey-fawn

;

with blue-grey suffusion
area of black
spiracles orange-red.
near spiracles
A. excellens ? 2
;

Up to
90 mm.

75

Very hairy
numerous red spines
red,
yellow and red, dark grey to black

50

a group of black

70

;

usually grey laterally

;

mm.

mm.

mm.

40

mm.

Thin, white

;

among foUage puUed

spun

mm.

together.

Univoltine.

to

July.

February

Univoltine.

to

October.
Coastal.

to 50

to

March

Male

pupa with, female without,
white floury substance on
surface. Outer cocoon up to

;

;

brown

parchment-like
outer
envelope
thick white to pale
brown tough inner cocoon
no protruding setae. Loose

60

Ventral mainly black with few cream
markings.
A. excellens ? ^
Bristly rather than hairy

to

November

Univoltine.

to

February.

setae projecting anteriorly each side near
Ventral,

Ihead.

white to yellow

median

with

tan-red
stripe.

Highlands.

C. heliaspis

Very hairy
longest

;

light

groups

fawn

to

brown

of paler

or black

lateral

;

curled posteriorly, tapering to a point.
Ventral usually black.

A.
Bristly

;

shiny blue-

verrucae yellow
median stripe
on head capsule yellow. Ventral similar

black

;

;

mm.

mm.

40

45

Tough cocoon pale

cream to grey
loosely
spun

to

mm.

;

covered with
shiny silken

Any month
of year,

At

least

bivoltine.

strands.
Coastal.

ocellata

than hairy

rather

40

setae

Up to
50 mm.

30

mm.
coarse

Composed
brown silk.

of

thick

Any month

Bivoltine.

of year.

to C. heliaspis.

A. near varia
Bristly rather than hairy

;

mauve with black areas
spiracles
setae mauve
;

;

brown suffused
verrucae and

orange-red.

C. felderi

Coastal.

85

mm.

80

mm.
parent

Large,
;

pale

thin,

trans-

mauve-brown

no inner cocoon.

;

August
to

February.
Coastal.

Univoltine.

BY
Fifth instar.

—Lengtli

about 50

coloration of larvae in the
or fawn, and there

is

same
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In this and the 6th instar variability of
evident.

Some

larvae

may

be mainly black,

intergradation between these colours; the narrow lateral stripes

are less evident and there are narrow transverse bands of paler coloured setae
Ventral area is black with a pale median spot, sometimes
separating the segments.
produced anteriorly as a thin line on abdom. segs. 1 to 7.
The sixth instar, with a length of about 68 mm., is of similar coloration to that
of the previous instar.

Pupae are 30 mm. to 40 mm. in length, and portion of the dorsal surface of a
Pupation occurs in tough brown silken cocoons
pupal exuvia is shown in Figure 3.
about 70 mm. in length, tapered at each end, and attached to limbs near the bases of
Table

Head

3.

capsule widths of A. nicothoe larvae.

ll

!

smaller branch whorls, or on the tree trunk and under, or in crevices in, the bark.
Cocoons are readily distinguished from those of other anthelids attacking pine, by
the numerous short dark setae which partly protrude at right angles to the surface.
Adults have a wing-span of about 60 mm. in the male, and 85 mm. in the female.
Coloration of males is more variable than that of females and varies from yellow
with grey or black suffusion to yellow suffused pink to pale red, or orange. Females
are pale fawn or pink with a grey suffusion, and with the dorsum broadly pink, grey
or brown.
The following parasites have been reared from cocoons: Theronia tubercuUcollis
Cam. and Lissopimpla sp. (Hymenoptera: Ichneumonidae) Taylorimyia iota J. & T.
(Diptera: Sarcophagidae).
;

Chenuala heliaspis (Meyr.).
occur in large numbers in a localized area on Hanging
Rock State Forest plantation near Nundle, at an altitude of about 4000'. Larvae were
attacking P. radiata, P. patula and P. ponderosa form engelmanii. Larvae have also
Larvae of

this

species

attacked P. radiata near Blayney.
C. heliaspis is univoltine.

March and
during August of the same

as adults during

Larvae reared at Lisarow on the Central Coast emerged

April, with eclosion of the subsequent generation of larvae

year.
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Head capsules of first instar larvae are black, with a
prothorax with two brown dorsal verrucae surrounded with
verruca each side; meso- and meta-thoracic segs. pale grey;
dorsally, and segs. 1 to 7 with a white medio-dorsal stripe;

16,

large central white spot;
black,

abdom.

and a pale

lateral

segs. 1 to 8 black

lateral areas mottled pale

grey.

—

Last instar larva. Length about 70 mm. Head capsule black or brownish laterally,
with typical anthelid pale median stripe creamy yellow, and with frons red.
Very
hairy; colour variable, being pale grey, dark grey, silvery grey, cream or almost all

numerous long

red;

lateral

setae

silvery

or

pale

grey;

red

setae

are

variable

in

number, and all larvae examined also bore some red spines; abdom. seg. 1 with a
distinct group of black setae each side of the medio-dorsal line; intersegmental areas
black; a medio-dorsal stripe of variable amounts of black sometimes suffused brown,
and a small group of short white setae giving the appearance of a white spot medianly
at the anterior border of each abdom. seg., and indistinct on thoracic segs.; these
areas of white may also occur at the centre and the posterior edge of each abdom. seg.
Ventral coloration is orange with a narrow median yellow or cream stripe.
Cocoons, about 50 mm. in length, and composed of white silk, are spun among
the outer foliage

drawn

together.

Forewings of male adults may be brown or golden brown, suffused with variable
amounts of red or green, or all red; hindwings bright deep brick-red. Forewings of
the female are pale grey suffused mauve, and crossed by variable narrow wavy dark
lines.

Anthela excellens (Walk.).

Damage caused by
The

species

is

larvae of this species

is

similar to that of A. nicothoe.

univoltine, adults emerging during

during February and March, and larvae from March
from June to March.

The pale
about

1-7

to

mm.

January

to July;

to March; eggs occur
pupae have been found

dark grey eggs are oviposited contiguously along the foliage and are

in diameter.

size of larvae during late instars, the species may become
importance during the incidence of large populations.
Larvae have
attacked P. racliata on the Central Coast.
Portion of the dorsal surface of the pupal exuvia is shown in Figure 4.
From specimens of larvae reared to the adult stage during these investigations,
it appears that two colour forms of larvae occur.
Larvae of the first form, from which
male specimens only were bred, were very hairy and dark tan-brown in colour; larvae
of the second form, from which females only were bred, were bristly rather than
hairy, and pale grey with a bluish suffusion. Setae are more sparse on the latter form.
First form larva. General coloration is similar to, but of a more uniform tan

of

Because
economic

of the large

—

colouring than, that of A. nicothoe.

During the first instar the head capsule is black, without the typical anthelid
tapered pale median stripe on the head capsule, although subsequent instars bear that
characteristic.
Setae are black and sparse, but during the remaining instars they are
Larvae of the first instar are mottled black with white or cream, and
bear a narrow black medio-dorsal stripe; anterior edge of clypeus white; anterior half
tan-brown.

of prothorax black dorsally; head surrounded by anteriorly-projecting long black and
white setae issuing from a verruca each side of the black area on the prothorax and
a lateral verruca each side; a small ventro-lateral verruca white tipped grey, with
white setae, above each leg; meso- and meta-thorax with a small pale brown dorsal
verruca each side with white setae only, and a larger cream dorso-lateral verruca
each side with a long black central seta and several shorter white setae. Abdom. segs.
1 to 7 with a small dorsal verruca on anterior half of each seg. each side and from
which issue white setae; a large dorsal black spot with a long central black seta on
posterior half of each segment; a small dorso-lateral black verruca with a long black
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a larger lateral white verruca with long white

A

smaller black ventro-lateral verruca surrounded with grey, and with white
setae on abdom. segs. 1, 1 and 7 only; seg. 8 black dorsally with a large median verruca
and long black and/or white setae and shorter white setae; a black dorso-lateral verruca
setae.

each side with black and white setae; a small white lateral verruca with white setae;
a smaller black ventro-lateral verruca surrounded with grey as on seg. 7. Seg. 9 with
two dorso-lateral grey to black verrucae almost contiguous each side, with a very long
seta with distal half white and proximal half black, from each; other smaller black
setae and white setae more numerous than on any segment except prothorax; seg. 10
cream dorsally with indistinct brown pattern and some short white setae. Legs pale
yellow; abdom. segs. 1, 2, 7 and 8 grey ventro-laterally, remainder cream.

Second instar larvae are about 15 mm. in length, and the general colour is tan,
with a narrow black medio-dorsal stripe and a broader lateral stripe; larvae are very
hairy.

The general coloration of subsequent instar larvae is dark tan-brown with a black
background, the tan setae being paler in the last instar.
Pupation occurs among fallen foliage which collects in crotches or among foliage
Cocoons consist of a large cream, thin outer
envelope about 50 mm. in diameter and an inner cocoon which is pale creamy brown,
coarser and tougher in texture than the outer envelope, and pointed at the extremities.
There is considerable space between the two coverings, the outer one being more or
The inner cocoon is composed of whiter silk than that of the second
less rounded.
A floury substance
form larva, and is about 35 mm. in length and 15 mm. wide.
occurred on the surface of pupae, which was not present on the second form pupae.
Male specimens only were reared from this form. They have a wing-span of about
55 mm., and both the fore- and hindwings were of a uniform dark green colour; a
transverse narrow orange-red or grey band is across the forewings.
Second form larvae. Last instar about 80 mm. in length; diameter about 12 mm.
Setae are sparse and are bristly rather than hairy. General colour is pale grey with
a bluish suffusion; a discontinuous narrow median grey stripe; a large tan area
antero-dorsal to the spiracle on anterior half of abdom. segs. 2 to 8 and bisected at
right angles by two thin black lines, which are continuations of the black intersegmental area, joining the tan area dorsally; a small transverse grey line posterior
to each tan area; a small grey area surrounding each spiracle, and a small dark
lateral spot above each proleg; four dorsal and two lateral verrucae, one above and
one below the spiracle, with black spines, and one ventro-lateral verruca with long
barbed pale tan setae on abdom. segs. 1 to 7; narrow black intersegmental bands.
Abdom. segs. 1, 2, 7 and 8 are pale to dark grey ventrally.
Female specimens only have been reared from this form. They have a wing-span
of about 85 mm.
Coloration is variable, but they are usually reddish-orange suffused
at the apex with green, and with white along the costa.
Eighteen specimens of a parasite (Diptera: Tachinidae) have been reared from
one larva.
debris on the ground beneath trees.

—

Anthela near
of

varia.

Larvae of this species have attacked foliage of P. radiata on the Central Coast
N.S.W. Damage is similar to that caused by other species of the Anthelidae.
This species

is

following periods:

bivoltine,

and the various stages have been collected during the
larvae during March to
July and September to October.

eggs during July, August and February;

July and September to November; adults from

General description of larvae.

—Cuticle

May

to

mottled black and green; setae on this
median transverse bands on each

species are comparatively sparse, and distributed as

segment and with very few setae between the bands, so that coloration of the larval
cuticle is readily visible.
There is variability of coloration in that some larvae bear
lateral tufts of yellow setae.
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Head capsule is shown in Figure 1. General
length about 48 mm.
dark brown to black; long black setae tipped white most numerous on
thoracic segments; transverse bands of relatively sparse long black setae and short
tan-red setae; lateral setae vieux-rose tipped white, and dorsal setae vieux-rose or tan.
The vieux-rose coloration is not as intense during this instar as in preceding instars.
A white spot posterior to a large yellow dorsal verruca on abdom. segs. 1 to 6; one
large and one small dorsal verruca and one lateral verruca bright yellow, on each side
"Ventral
of segs. 1 to 8; a broad pale lateral area more or less as a mottled stripe.
coloration is similar to that of Chenuala heliaspis.
Last

colour

instai'

is

Pupae are about 25 mm.

in length.

may

crotches where moisture

Pupation occurs among debris of foliage in
and occupies about seven weeks during
July.
Cocoons, about 30 mm. in length, are

be retained,

March-April or 16 weeks during April to
composed of a dark brown coarse "hairy" material.

Male adults have a wing-span
Coloration of both sexes

is

of

about 50 mm., and females of about 65

mm.

variable from greenish-grey to yellow or orange, sometimes

with brown mottling on the male.

Wasps

Ichneumonidae have been reared from this species and were
Echthromo^-pha intricatoria F., Gotra gilberti Turn, and Cyanoxorides sp.
The former species constructs a hard, dark red-brown to black cocoon inside the
cocoon spun by the anthelid larva, and one specimen emerges from each cocoon.
Cocoons of the latter species are creamy-white in colour, and parchment-like in
texture; more than one specimen and both sexes may emerge from a single anthelid
of the family

identified as

cocoon.

Chelepteryx felderi Turn.
Larvae

of this

was

species are the largest yet found attacking P. radiata.

A

third

from that host plant during October, the adult emerging
during the following June. It occurs in Central Coastal areas, and damage to foliage
is similar to that caused by other species of the Anthelidae.
The species is univoltine, and eggs bear prominent brown striations on the chorion.
Last instar larvae are about 85 mm. in length and occur during February and March.
General description: brownish-mauve; bristly rather than hairy; cuticle black, and
the short stiff setae are red-brown suffused mauve in colour; setae moderately sparse,
and verrucae pale mauve in colour; a prominent pale brown medio-dorsal stripe on
each segment with four large lateral pale mauve verrucae, one above and one below
the spiracle each side; two smaller dorsal mauve verrucae each side of median stripe;
a group of tan-brown setae between dorsal and lateral verrucae, the setae depressed
almost horizontal to the surface of the cuticle; spiracles orange, and surrounded by
a black area between the lateral verrucae; all verrucae bear tan-brown spines; seg. 8
mainly black.
The cocoon,
The pupa is dark brown to black and about 45 mm. in length.
composed of thin silk, is up to 80 mm. in length and pale mauve-brown in colour.
Adults have a wing-span of about 10 cm. Forewings with basal one-third pale grey
edged distally with a narrow white stripe; central one-third dark brown proximally
to pale grey distally with a subcostal orange-red spot on the dark brown area; distal
one-third dark brown.
Hindwings with basal half brick-red, distal half brown
suffused red; one narrow and one broad black transverse line, the latter scalloped
instar larva

collected

along the distal edge.

Anthela ocellata Walk.
This species appears to be common in coastal areas and has attacked P. radiata.
Other hosts include Axonopus affinis (carpet grass), Oynodon dactylon (couch grass)
and various native grasses.

There is more than one generation of A. ocellata each year and adults
during most months of the year.

may emerge
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—Length

about 45 mm. Very hairy. Colour variable from pale
tan-brown or grey to almost black; paler grey or tan-brown
dorsally; cuticle mainly black; legs orange-tan. Above the spiracles on abdom. segs. 1
to 7 or 1 to 8 is a rose-red verruca each side and a pale mauve verruca below the
spiracles; thin tufts of long pale setae dorso-laterally, curved posteriorly from whitish
verrucae placed above the rose-red verrucae each side of abdom. segs. 1 to 7; these
setae groups taper to a point; a thick group of long cream setae surrounds the
spiracles. Larvae of the male are usually more tan coloured than those of the female.
Larvae are most numerous during December.
Last

larva.

instai^

fawn-brown

pale

to

Pupation occurs in cocoons composed of shiny light grey or fawn to brown silk,
They occur in crotches of branches among
to 40 mm. in length.
debris on P. radiata, or when associated with other host species may be found under
Portion of the dorsal surface of the pupal exuvia
debris, boards, etc., on the ground.
is shown in Figure 2.

and cocoons are up

Adult males have a wing-span of about 40 mm. and females about 50 mm. General
is shiny pale grey in the female to shiny pale fawn in the male;
each sex
bears black markings on the forewings.
colour

Family EUPTEROTIDAE.
Panacela lewinae (Lewin). (Lewin's bag-moth).
This species may be recognized readily by the occurrence of larke silken "bags",
spun among the foliage of host plants, which may be inhabited by up to 300 larvae.
Considerable larval excreta and shed larval skins are retained in these bags.
P. radiata, P. patula

and a wide range

of other hosts are attacked.

mm.

in length and dark grey-green in colour
Last instar larvae are about
with a central anterior white spot on the head capsule and a compact group of setae
surrounded by a narrow yellow line on abdom. segs. medio-dorsally; the posterior
abdom. seg. is mostly white.

28

Adult males have a wing-span

of

about 30

mm. and

females 35 mm., and the

species is univoltine, larvae occurring from February to December.

Further details of the biology of this species have previously been published
(Moore, 1963).

Family TORTRICIDAE.
ISOTENES MISEEANA (Walk.).

common on P. radiata in coastal areas and
The needles are spun
on the younger shoots.
together with fine white silk to form a tube-shaped shelter in which larvae eventually
pupate. Other hosts are P. elliottii and Cedrela australis.
Larvae of

damage occurs

this species are relatively
to the base of foliage

Larvae are opaque, about 20 mm. in length and predominantly green suffused
brown stripes. The head capsule is dark brown to black, and
the prothorax brown darkening laterally to an area which is black surrounding the
spiracles.
Abdominal segments bear four white dorsal verrucae, from each of which
issues a seta; a discontinuous red-brown dorso-lateral stripe each side and a mediodorsal blotchy area red-brown; posterior segment with a dark area each side, hyaline
spots near the anterior border, and small white verrucae surrounding the setae.

bluish with longitudinal

The species is multivoltine, the last instar larval stage occupying about
and pupation about 8 to 10 days during summer.

The pupa

is

similar to that of Epipliyas postvittana (Figs

5,

6

and

8

days

7).

Female moths have a wing-span of about 25 mm. and the males about 17 mm.
Forewings of the male are silvery grey with a small dark grey spot on the costa at
one-quarter, one-half and two-thirds the distance from the wing base; a series of small
black dots along the termen; hindwings pale grey. The colour of the female is similar
to that of the male, but the markings are paler and diffused.
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Table

4.

Characteristics of Tortricidae, Xyloryctidae

and Oecaphoridae on Pinus spp.

Head

Larvae.

16,

Larval

Prothorax.

Capsule.

Opaque blue-green with red-brown
stripes,
and dorsal abdominal
setae from white spots.
/.

Brown

Shelter.

to black

;

no

dark marks.

green

no

;

darkening
to
black around spiracle
;

no

dark

transverse

marks.

miserana (Tortricidae).

Translucent
markings.

Brown,

dark

Pale yellow.

white
silken
tunnel spun along

foliage

of

young

shoots.

Thin

Pale yellow-brown.

silken
white
tunnel spun along

E. xylodes
E. postvittana and
A. rudisana (Tortricidae).

foliage

of

young

shoots.

no dark
markings on abdominal segments.
C. immersana (Tortricidae).
Pale translucent green

Thin

:

Almost white black
marks as in Fig. 8.
;

Thin

Suffused brown.

silken
white
tunnel spun along

foliage

of

young

shoots.

Opaque blue-green with red-brown
stripes and dorsal abdominal setae
from red-brown spots.

Dark red-brown with
dark

markings.

Brown, with transverse
dark markings.

Thick

white
silken
tunnel spun along

stems of young

(Fig. 11.)

P. discalis (Xyloryctidae).

shoots.

Pale pink-fawn suffused pale green
seg. 10 as in Fig. 15.
A. micrastrella (Oecophoridae).

;

Dark

red

-

brown

with dark mark-

Cream, with small brown
markings. (Fig. 12.)

ings.

deep
cream
tunnel spun
along stems of young

Thick

silken

shoots.

Pale pink-fawn suffused pale green
seg. 10 as in Fig. 16.
T. semijunctella (Oecophoridae).

;

Dark

red

-

brown

with dark mark-

Cream, with small brown
markings similar to
Fig. 12.

ings.

Thick

white

silken

spun along
stems of young
shoots. Larvae also

tunnel

bore into shoots.

Epiphyas POSTVITTANA

The taxonomy
by

Common

(Walk.)

(light

of the Australian species of this

brown apple moth).
genus has been

clarified recently

(1961).

Hosts of this species include P. radiata, Habreathamnus
cultivated plants, trees and shrubs.

Damage

sp.

and a wide range

of

to foliage of P. radiata is similar to that

I. miserana and occurs at the tips of branchlets where foliage is spun together to
form an elongate tubular shelter.
Larvae are translucent pale green suffused yellow, with the head capsule yellow
and the posterior segmental plate with a number of small hyaline markings dorsally.

of

Last instar larvae are about 19 mm. in length.
Pupae are about 10 mm. in length; the rows of dorsal spines, and the cremaster,
are shown in Figures 5, 6 and 7.
Pupation occupies about 10 days. The species is
multivoltine and the life cycle occupies about six weeks during March-April.
Male adults have a wing-span of about 18 mm. and females of about 22 mm.
Coloration of the forewings is variable and generally pale yellow-fawn;
costa
narrowly edged red-brown which continues along the termen and the dorsum to twothirds the distance from the base where a diffused red-brown stripe occurs toward
the centre of the wing; a small red-brown spot is on the dorsum at one-third.

Epiphyas xylodes (Meyr.).
Larvae

and have been found
Blackheath.
Damage, and the situations where
larvae pupate, are also similar to those of E. postvittana. Pupae are about 12 mm. in

damaging
length.

of this species are similar to those of E. postvittana

foliage

of P.

radiata

at
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The small brownish female moths have a wing-span of about 23 mm. The basal
is pale fawn with the distal half dark brown; on the pale fawn
area there is a small dark brown spot on the dorsum at one-quarter and a smaller spot
near the centre of the wing at one-quarter. Hindwings are pale brown.
half of the forewings

AcROPOLiTis KUDisAXA (Walk.).
Larvae of this species have severely damaged young nursery stock of various
Pinus spp. at Pennant Hills and young plants of P. radiata up to seven feet in height
at Mt. Mitchell State Forest on the northern highlands during February.
Damage is similar to that of E. jjostvittana, and larvae are of the same general
colour as that species.

Fig. 5. Dorsal aspect, seg. 4, pupa of Ejnphyas postvittana.
Fig. 6. Dorsal distal seg's. and cremaster of Epiphyas postvittana.
Fig. 7. Lateral distal segs. and cremaster of Epiphyas postvittana.
Fig. 8. Markings on head capsule, Cryptoptila Immersana.
Fig. 9. Dorsal aspect, pupa of Plectophila discalis.
Fig. 10. Lateral aspect, pupa of Plectophila discalis.
Fig. 11. Lateral portion of head capsule, P. discalis.

Cryptoptila immersana (Walk.).
This species occurred on small plants of P. radiata at Pennant Hills nursery, in
Damage was indistinguishable from that of
association with the previous species.
the other tortricid species.
Last instar larvae are about 16 mm. in length, and creamy white. Head capsule
(Fig. 8) almost white, with black areas on the dorsal aspect and a continuous narrow
black lateral area from the posterior border passing through the groups of ocelli and
surrounding the antennal foveae.
The markings on the head capsule readily distinguish this species from the other tortricid larvae given.

Family LYMANTRIIDAE.
Orgyia anartoides (Walk.) (painted apple moth).
This species is widely distributed throughout the coastal and highland areas,
and occurs on P. radiata, P. durangensis. Acacia spp., Rosa sp., cultivated quince, apple
Severe defoliation of small trees of
and numerous plant, shrub and tree species.
P. radiata

may

occur.

overlap of generations from early spring to late autumn,
and the various stages have been collected during the following months: eggs, April
and December; larvae, January to June; adults, February to July and December.
Eggs are about 0-85 mm. in diameter, creamy-white, smooth, and are usually laid
on or near the cocoon from which the flightless female emerges.
Last instar larvae are about 35 mm. in length, and silvery to dark grey in colour.
Head capsule reddish; prothorax red with a large red lateral verruca each side, from
each of which issues a group of long dark setae projecting forward to give an

There

is

considerable
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appearance of two "feelers";

each seta composing these groups

16,

is

plumose

distally,

thus forming a "clubbed" end to each group.
Meso- and meta-thorax black mediodorsally, bordered with yellow areas; lateral areas tan-pink with three verrucas each
side.
Compact medio-dorsal groups of darker and shorter barbed setae on abdom.
segs. 1 to 4 and 8, and a large "fan" of dark barbed setae projecting posteriorly from
seg. 9; long lateral silvery-grey setae; a red medio-dorsal protuberance somewhat
cylindrical in shape, on abdom. segs. 6

and

each surrounded by a red dorsal area;
5; a black median area anterior to
each red area. Ventral area reddish-orange with a narrow black latero-ventral longitudinal stripe each side; legs red.
7,

a similar red area without protuberance on seg.

spiracles black; cocoon pale fawn to brown when
creamy-white if thin; barbed setae are incorporated in the cocoon. Length
of cocoon of male, about 10 mm.
The flightless females are creamy-white to pale brown in colour and 18 mm. to
22 mm. in length; males have a wing-span of about 25 mm.; forewings are black
suffused brown with wavy black lines and indistinct lines of pale scales at emergence;
hindwings with basal two-thirds orange, remainder black.

Pupae are very hairy dorsally;

thick, or

A

parasite,

Dusona

sp.

(Ichneumonidae), was reared from larvae.

AxioLOGA pxjRA Lucas.

Larvae have been collected in the Gosford area attacking P. radiata, Eucalyptus
saligna and Citrus spp., and have been reared to adults on these host plants.
The
foliage of P. radiata is consumed from the distal tips.
The species is bivoltine, with a wide overlap of generations during the warmer
months. Larvae pupating during late autumn over-winter as pupae until the following
August or September.
The general coloration of larvae is variable during most instars. Cuticle dark
green, sometimes with black markings; setae very long and moderately sparse; during
early instars setae are tan in colour, but during later instars they may be tan, white,
orange or vieux-rose; setae are usually white for some time after ecdysis, becoming
coloured later during the same instar.
Last instar larva. Head capsule rounded in general outline, cream to tan, with
tan setae. Length 35 mm. to 45 mm. Setae of prothorax project anteriorly to beyond
the head capsule; medio-dorsal groups of white bristles on abdom. segs. 1 to 4; two
rows of orange verrucae laterally; a large orange verruca above and below each
spiracle; a rounded medio-dorsal protuberance on abdom. seg. 7, and transverse bands
of very pronounced verrucae on thoracic segs. and abdom. segs. 7 to 9.
Seg. 8 grey

—

ventrally.

Pupae are about 20 mm.

in length.

They are

at first pale green,

becoming bright

apple-green, with wingcovers and anterior portions paler, to almost white on females.

Pupation occurs in thin, transparent cocoons in which are incorporated larval setae,
and occupies about two weeks during April. Cocoons are about 30 mm. in length.
Female adults have a wing-span of 60 mm. to 70 mm., and males about 45 mm.
Forewings of the female are satiny white with transverse discontinuous fine grey
lines.
Those of the male are sometimes almost all grey with a network of numerous
angular grey lines on a white background; hindwings with a wide basal area orange
and termen widely grey; abdomen orange.

PORTHESIA PARADOXA Bh.

Larvae attack P. radiata, Lantana craigii and Lagerstroemia sp. (crepe myrtle)
during March to May. Because of their small size and low numbers, damage has been
negligible on P. radiata.

—

Head capsule black. Setae black,
Last instar larva. Length 18 mm. to 20 mm.
numerous; a red medio-dorsal protuberance on abdom. segs. 6 and 7; long black setae
projecting anteriorly over head capsule from prothorax, and posteriorly from abdom.
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a doi'sal group of black setae on abdom. segs. 1 and 8; long lateral setae
Base of prolegs orange.
Pupation occupies 4 to 5 weeks during April and May. Cocoons are of moderately
dense whitish silk, and occur among needles of P. radiata or on the foliage of other
seg.

9;

greylsh-wliite.

plants.

Adults have a wing-span of about 28 mm., and wings are satiny white to cream.

P. radiata

Oligeria hemicalla (Lower).
has been attacked by this species which has caused limited damage

only.

Last instar larvae are about 12 mm. in length.
Prothorax with a large lateral
verruca each side bearing long setae projecting anteriorly; abdom. seg. 1 brown with
two protuberances, and the remaining abdom. segs. with a satiny white medio-dorsal

Fig. 12. Setal map, last instar larva, Arachnogi^apha micrastrella.
Fig. 13. Setal map, last Instar larva, Elaeonoma sp.
Fig. 14. Setal map, last instar larva, Coesyra sp.

a lateral orange-red spot on each segment; abdom. seg. 8 with two brown
and abdom. segs. 6 and 7 with a rose-coloured medio-dorsal cylindrical
protuberance with a rose-coloured area surrounding their bases on each. Abdom. segs.
stripe;

verrucae,
1 to

8

yellow ventrally and laterally at the base of the prolegs.

Pupation occupies about nine weeks during June-July and occurs in small grey
cocoons in which larval setae are incorporated.
Adults have a wing-span of about 16 mm.
are black basally with the remainder orange.

Forewings are black and hindwings

Family OECOPHORIDAE.
Arachnographa micrastrella (Meyr. ).
This species
P.

elliottii,

is

apparently widespread on the coast and tablelands and has attacked
Hakea sericea and Juniperus sp.

P. pinaster, P. radiata,
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16,

Although larvae may feed on any portion of the foliage of P. racliata, attack is
Foliage usually growing on the outer shoots
mainly around the bases of needles.
of large or small trees, and either alive or partly dead, may be attacked.
Larvae
sometimes transfer from one shoot to another, and damage male inflorescence also.

The

species

univoltine.

is

Last instar larvae are mottled pale fawn-pink, suffused green when feeding, the
green suffusion disappearing during the last instar, and is fugitive in preserved
specimens.
A setal map of a last instar larva is given in Figure 12 and the positions of setae
Length about 17 mm.
Head capsule red-brown with dark
on seg. 10 in Figure 15.
brown to black elongate areas from the posterior border of capsule similar to those
prothorax, including an area ventral to spiracle,
on Plectophila discalis (Fig. 11)
creamy-brown with a number of small scattered brown spots; meso-thorax with a
dorso-lateral area of the same colour as prothorax; meta-thorax with three pairs of
setae, each surrounded at the base by a small brown area; dorsal posterior border
of abdom. seg. 8 and all of seg. 9 dorsally, cream suffused brown.
;

Dorsal aspect, abdom. seg. 10, larva of A. micrastrella.
15.
Dorsal aspect, abdom. seg. 10, larva of Tortricopsis semijunctella.
Ventral aspect, distal segments of pupa of A. micrastrella.
Fig-. 17.
Fig. 18. Lateral aspect, distal segments of A. micrastrella.
Fig. 19. Ventral aspect, distal segments of pupa of T. semijunctella.
Fig. 20. Lateral aspect, distal segments of pupa of T. semijunctella.
Fig-.

Fig'.

16.

Larvae shelter in cream-coloured silken tunnels to which foliage adheres. When
about to pupate, a thicker silken cocoon deeper in colour is constructed within the
tunnel, and in which is also a quantity of fiocculent silk.
There are often several
larvae and silken tubes on one shoot, either among male inflorescence or on the stems
at the base of the foliage.

may occur from May to August, adults emerging during August to
The pupal cremaster is shown in Figures 17 and 18.
The parasite Eupsenella proxima Kieffer (Bethylidae), as well as a species of the
Braconidae and a species of Tachinidae (Diptera), have been reared from this species.
Pupation

October.

TOKTRICOPSIS SEMIJUNCTELLA Walk.
This species occurs in the central coastal areas, attacking P. racliata and Cupressus
Damage to foliage occurs, but larvae often bore into and kill the stems of young
spp.
lateral shoots of P. radiata.

white silken tunnels on the two host plants mentioned.
Last
very similar in coloration to those of A. micrastrella, and the
positions of setae during this instar are also similar except those on seg. 10 (Figs 15
and 16), by which characteristic larvae of the two species may be separated.
The pupal cremaster is given in Figures 19 and 20.

Larvae occur

instar

larvae

are

in
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wing-span of about 24 mm., the forewings being dark brown
with grey toward their bases.
Hindwings and abdomen are
Adults emerge during the same period as do those of A. micrastrella
golden-yellow.
and the life cycle appears to be univoltine also.
Adults

have

increasingly

a

suffused

BaREA CONSIGNATELLA Walk.
Larvae were attacking a rotting stump of P. radiata in association with those of
Last instar larvae are
Elaeonoma sp., and the termite Coptotermes acinaciformis
A row of small dark dorsosteel-grey in colour and 30 mm. to 40 mm. in length.
lateral spots, two on each segment, is present each side of the median line.
Larvae have been described and adults figured in a previous paper (Moore, 1959).
.

Elaeonoma

sp.

Larvae were collected from a rotting stump of F. radiata during August, the adults
emerging during October and November. Last instar larvae (a setal map of which is
given in Fig. 13) are about 18 mm. in length, pale creamy-white, with the head
capsule deep yellow to yellow-brown; prothorax pale yellow; a pale indistinct mark on
meso-thorax; pale intersegmental bands.
Adults have a wing-span of about 20

mm. Forewings are dark grey to black with
a white spot on the costa at three-quarters; two small white spots are on the narrow
Hindwings pale grey.
black centre line of the wing.
Coesyea sp.
Larvae of this species feed on dead needles and grasses which have lodged in
They occupy thin white
crotches of P. radiata, and occur during June to September.
silken tunnels to which are attached pieces of debris, and pupate in thin silken
cocoons.
Adults emerge during September and October.
Last instar larvae, about 15 mm. in length, are white, with the head capsule dark
brown and with darker elongate markings similar to P. discalis; clypeus white, frons
dark brown; prothorax (Fig. 14) with a dark brown band similar to Barea hanausa
(see Moore, 1959) and a small oval mark on the prothoracic coloured band anterodorsal to the spiracle, and a series of marks anterior to the spiracle similar to those
on Barea confusella. On abdom. seg. 1 there is a group of two ventral setae, and on
abdom. seg. 2 there is a group of three ventral setae.
Larvae of this species may be distinguished from those of B. confusella by the
darker elongate markings on the head capsule and the darker areas on the thoracic
segments and surrounding the setae on the abdominal segments.
Adults have a wing-span of about 15 mm.; forewings are pale fawn with scattered
grey scales; two small black spots are at one-third and two at two-thirds from the
base.
Hindwings cream.

Family NOCTUIDAE.
Ageotis infxjsa (Boisd.).

Roots and stems

of

young nursery stock

of

P.

radiata

have been attacked by

larvae of this species during December.

Pupation occupies about six weeks during summer.

EuxoA RADIANS (Guen.) (brown cutworm).
Young nursery stock of P. radiata is damaged by larvae of this
January, and damage is similar to that of the previous species.
thin-walled dirt cells constructed in the
list of

hosts

is

given by

Common

The parasite Chaetophthalmus

soil,

species also, during

Larvae pupate
and adults emerge during February.

in

A

(1954).
pallipes

Curran

(Diptera)

has been reared from

this species.

Andeodes hypochalcis Turn.

A

larva destroying foliage of P. radiata was collected during April and reared to
It pupated during June and the adult emerged during August, so
the adult stage.
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that the pupal stage occupies about eight weeks.

16,

Unlike the two previous species of

the Noctuidae, the larva remained for all of the feeding period on the foliage, and

pupated in a thin silken cocoon covered with a single layer of chewed particles of
foliage,

and portions

of the needles placed longitudinally.

about 25 mm. in length, and the head capsule bears pale
mottling around the ocelli and along the epicranial suture and frons; frons with a
General colour mottled black and grey to dark grey-brown
large central black circle.
lightly suffused pink and green; a pale medio-dorsal stripe joined by two indistinct

The

last instar larva is

narrow green lines forming a V-shape with the apex posteriorly on each segment. A
minute cream spots across each segment dorsally with a seta from the centre
of each spot, and one on each segment laterally, that below the spiracle on seg. 8
being large and elongate; seg. 9 whitish postero-dorsally.
The adult has a wing-span of about 32 mm. Forewings are brown, paler toward
base, with a small black crescentic subcostal mark just beyond half the distance from
series of

base of wing.

Agrotis munda Walk.
Larvae of this species have damaged young plants of P. radiata on the Central
They feed mainly on
Coast, and Pseudotsuga menziesii on the Southern Highlands.
foliage of seedlings during the night, remaining under the soil during the day.

The general colour of larvae of all instars is pinkish-fawn suffused pale
Head capsule pale brown. An indistinct pale green medio-dorsal longitudinal

green.
stripe,

an indistinct pale whitish dorso-lateral stripe and a mottled white lateral stripe;
minute black spots in a single transverse row on each thoracic segment; four small
black dorsal spots on abdom. segs. 1 to 9, the anterior two closer to the median area
than the posterior two; abdom. seg. 3 palest; pale green lateral and ventral areas,
spiracles black.

Larvae are cannibalistic if a number are confined in a container.
Pupation occurs during January and February, adults emerging during February.
Heliothis punotigera Wallengr.

Young nursery

plants of P. radiata at Pennant Hills were attacked by larvae of

Larvae are translucent yellow-green; one medio-dorsal and two dorsonarrow longitudinal stripes except on prothorax and abdom. segs. 9
and 10; a narrow whitish stripe suffused pink and with grey each side, below the
spiracles; yellowish dorsal area on abdom. seg. 5.
Larvae pupate during December and adults emerge during January. The pupal
cremaster consists of two long spines produced posteriorly.

this species.

lateral grey-black

Family NOTODONTIDAB.
Teara variegata Walk.
The usual host plant is Acacia decurrens, but P. radiata and Hakea sericea are also
Foliage is destroyed from the distal tips, or needles may be cut through
attacked.
lower down so that the distal portion not consumed may fall.
The species is univoltine, and the various stages occur during the following
periods: eggs, January and February; larvae, February to October; pupae, October to
February; adults, December to February.
Larvae are gregarious and processionary during the early instars, and are bristly
rather than hairy throughout the larval stage.
General description. Head capsule black and with short pale yellow setae, and
encircled with longer pale yellow setae projecting anteriorly from the prothoi'ax.
Mottled grey to green with pale yellow or white longitudinal markings; a transverse
band of long shiny blue-black setae on each segment; a compact group of medio-dorsal

—

verrucae metallic blue-green; a large medio-dorsal group of short golden-brown setae
in the centre of each segment during late instars; legs tan to orange-red.
The second instar larva is about 15 mm. in length. A broad medio-dorsal area,
mottled blue-black with several metallic blue-green verrucae across the centre of each
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segment, from which issue long blue-black shiny setae, and short tan or pale yellow
setae; this area is bordered with a narrow white to pale yellow stripe each side;
lateral area mainly pale yellow mottled grey-green to black with three longitudinal
rows of metallic blue-green verrucae each side, one on each segment in each row;
legs bright orange-red.

Third and fourth instars are similar to the second instar in coloration.
Coloration similar to 2nd instar, but doi-sal
Fifth instar. Length about 45 mm.
verrucae large and prominent; some specimens have a red median spot anterior to the
dorsal verrucae; dorsal thoracic verrucae red-brown with surrounding median area
suifused red, and a mottled lateral area mainly red.
Length of sixth instar, about 65 mm. General coloration similar to 5th instar;
dorsal verrucae now covered by a large median area of very dense short golden-brown
setae on abdom. segs. 1 to 9 and surrounded by a grey mottled area; seg. 10 metallic

—

blue-green dorsally.

Pupation occurs in
Pupae are about 27 mm. in length, and are almost black.
cocoons about 34 mm. in length and covered with the setae previously composing
the dorsal groups on last instar larvae, and interspersed with long black setae;
coloration of cocoons is bright tan-brown suffused with red, and externally they are
appearance.

fluffy in

Pupation occupies about 12 weeks.

Adults have a wing-span of 60 mm.
mottled with pale brown; the abdomen

Family

mm. Coloration of the forewings is cream
cream or orange with transverse black bands.

to 80
is

XYLORYCTIDAE.

Plectophila discalis Walk.

The habits

of,

and damage

by, this species are similar to those

species, but the sheltering larval tunnel is of thicker silk

smaller stems at the bases of the foliage rather than

and

among

is

of the tortricid

constructed along the

the foliage.

Larvae are similar in coloration to those of I. miserana, being blue-green, opaque,
with longitudinal brown stripes and sometimes a pale pink-brown lateral area. The
head capsule is brown mottled with black (Fig. 11); prothorax with transverse black
markings and a small black triangular area anterior to the spiracle; abdominal
segments with two mottled narrow pale brown dorsal longitudinal stripes with a
dark brown dorso-lateral stripe each side; a dark lateral verruca with a seta above
the spiracles, and four dark spots each with a seta dorso-laterally on each segment
with the anterior spots the larger; dorsal plate of posterior segment pale brown with
black spots.

Pupae are about 10 mm. in length with prominent vein-like markings forming a
network on the dorsal surface (Figs 9 and 10).
Adults have a wing-span of about 20 mm.; forewings are satiny white lightly
suffused grey; small dark markings along costa from one-half to apex, and along
termen to dorsum; a black spot on dorsum at one-half; hindwings pale grey, shiny,
with long white cilia.
A parasite, Meteorus sp. (Braconidae), has been reared from this species.
Family

GEOMETRIDAE.

LoPHODES siNiSTEARiA Guen.

Some

hosts of larvae of this species are P. racliata, P. elHottii, Lagerstroemia

Cotoneaster
Foliage

The

is

Rosa

and Eucalyptus saligna.
destroyed by the larvae, and the species appears

sp.,

dull red-brown last instar larvae, faintly

to be bi- or multi-voltine.

marked with darker red-brown and

with indistinct yellow lateral spots, are about 56

and 10.
Pupae (Fig.

sp.,

sp.

mm.

in

length.

Prolegs are on

segs. 6

21)

are dark

brown

to black,

and about 18 mm.

occupies about three weeks during December and January.

in length.

Pupation
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16,

Adults have a wing-span of about 50 mm., the forewings being mottled with
various shades of brown, black and white, and are prominently scalloped along their
outer margins.

A

parasite

Dusona

sp.

(Ichneumonidae)

has been

reared

from larvae

of

this

species.

Family ARCTIIDAE.
Palaeosia bicosta Walk.

Numerous larvae occur on P. radiata and P. pinaster, and are widely distributed
The only months during which larvae have not been
on the coast and highlands.
collected are July and January, which suggests that the species has more than one
generation each year, with considerable overlap in the generations.
The male
inflorescence, needles or needle sheaths of P. radiata are damaged.
Head capsule black, with an
Last instar larvae are about 12 mm. in length.
orange antero-dorsal spot each side of the median suture at least during the
penultimate and last instars.
Mottled black and white, moderately hairy; a thick
dorsal tuft of black setae each side of the mesothorax; one lateral and one dorsal

I

ir\

in

,

Fig. 21. Distal segments, pupa of Lopliodes smistraria (ventral).
Pig. 22. Distal segments, pupa of Asura cervicaUs (ventral).
Pig. 23. Distal segments, pupa of Palaeosia bicosta (ventral).

longitudinal stripe each side, each composed of orange verrucae on the thoracic, and
dorsal verrucae joined by an orange area; a narrow medioVentral area creamy-white with a small brown spot at the centre
of each segment to abdom. seg. 6 and joined by a narrow dark stripe; legs yellow,
suffused grey on outer surfaces.

abdom.

segs.

1

to

9;

dorsal black stripe.

The pupa is 8-5 mm. in length, and the cremaster (Fig. 23) is composed of
about six comparatively short setae curled distally; black markings are absent from
the wing-covers of the pupal exuvia after the adult has emerged.
Pupation occurs in
very thin transparent cocoons in which are incorporated the shed larval setae, and
occupies about three weeks during October.
Adults have a wing-span of about 30 mm.
The comparatively long and nai'row
forewings are slate-grey with an orange-red costal border behind which is a narrow
white strip. The dorsal head scales are also orange-red. Hindwings are pale yellow.

Palaeosia

sp.

and Northern Highlands
February. There was no evidence that
larvae attacked foliage of that host plant, but they appear to feed on fungi.
The length of last instar larvae is approximately 23 mm. Larvae are readily
separable from those of the previous species by the distinctive coloration of the
head capsule, the upper half of which is red, and the lower half black. The general
Lateral areas are grey.
colour of larvae is hlack, with indistinct dorsal grey stripes.

Numerous larvae occurred on

P. radiata in the Central

and South Western Slopes during December

to

— —
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with a red lateral verruca on each abdominal segment except seg. 10, at the base of
A dorsal tuft of brown to black setae on abdom. segs. 1 to 9. There
the grey area.
is a dorso-lateral tuft of black setae each side of the median area on the meso- and
meta-thoracic segments, and a dorsal transverse line of black setae across the prothorax and segs. 8 and 9. Thoracic legs and prolegs red.
Adults are similar in size and coloration to those of the previous species, except
that the head dorsally, and the costa of the forewing, are yellow instead of orange-red.

AsuRA CERVicALis Walk.
Hosts of this species are
larvae have caused defoliation
found on the former species.
Larvae are about 16 mm.
dorsal orange spot each side

P. radiata

and Ficus rubiginosa. Large populations of
numbers only have been

of the latter species, but small

Head capsule black and without the anteromedian suture. Mottled black and white; they
are superficially similar to those of the preceding species, but they have prominent
tufts of black setae on abdom. segs. 1 and 2 (one dorso-lateral and one lateral tuft each
Two lateral and
side of seg. 1, and one dorso-lateral tuft only, each side of seg. 2).
one dorsal longitudinal stripe each side, each composed of orange verrucae joined by
in length.

of the

short creamy-white stripes.

The pupal cremaster (Fig. 22) is composed of about 15 comparatively long setae
each curled into the shape of a small hook distally; a group of up to six dorsal setae
on each segment and the thorax, each side of the median line; wing covers are edged
black and abdom. segs. are black on the pupal exuvia after the adult has emerged.
Pupation occupies about two weeks during December, and occurs in thin transparent
cocoons.

Wing-span of the adults is from 20 mm. to 30 mm. Forewings are black with
orange spots; hindwings black with one large central orange spot.

five

Conclusion.

The capacity of certain indigenous insect
New South Wales is regarded with concern,

species to

damage

exotic Pinus spp. in

as each species with such a capability

presents a potential threat to the existing areas of pure stand Pinus species plantations.
As present plantation areas are increased, or other plantings are made under different
environmental conditions in new areas, it is anticipated that the number of insect
species attacking Pinus spp. will increase.
Details of the Lepidoptera given in this paper are limited, and should be regarded
as preliminary information which may be increased as a particular species requires
more intensive study.
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6.
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EXPLANATION OF PLATE XVIII.
Case of Oiketicus elonffcitus Saund. (Pupal exuvia attached.)
Cases of Hyalarcta Mlbneri Westw.
Case of Clania ignobilis Walk.
Case of Clania tenuis Rosen.
Cases of Trioonocyttara clandestina Turn.
Cases of Narycia sp.
Cases of Lepidoscia ? punctiferella (Walk.).
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KEY TO THE GENERA OF THE LARGER GREEN AND BROWN MARINE ALGAE
AROUND SYDNEY.
By Margaret M. Mackay,

M.Sc.

[Read 27th November, 1963.]

This key has been prepared in the hope tliat it will be of assistance to students
commoner algae found growing around the foreshores of Sydney
Harbour. It is designed to give an easy and rapid identification and as far as possible
The key is almost entirely dichotomous
easily observed characters have been used.
in identifying the

and should be self-explanatory.
A.

CHLOROPHYTA.

Fronds with no septa
Fronds with septa
Brackish water forms
Marine forms
Filaments free, branched

1.

2.

3.

2
4

Vaucheria
3

Bryopsis

Codium
Filaments interwoven into a spongy mass
Plants with a long cylindrical creeping stem from which rhizoids (lower surface)
Caulerpa

and foliar shoots (upper surface) arise
Thallus tubular or plate-like
Thallus in some other form
Thallus tubular or nearly so at all times

4.

5.

Thallus
6.

7.

8.

9.

5

7

Enteromorpha

plate-like

6

Monostroma
Fronds unilamellar when adult
Ulva
Fronds bi-lamellar when adult
Plant filamentous, unbranched, or with very rare branches
8
Plant filamentous, branched
9
Filament less than 30/^ wide
Rhizoelonium riparum, var. implexum
Filament more than 30^ wide
Chaetomorpha
Rhizoelonium
Plant with few branches with colourless hooks
Plant with very numerous branches
Gladophora
Plant of branching filaments anastomosing to form a network in one plane, the
Microdictyon
whole resembling the softened skeleton of a dicotyledonous leaf
Plant erect with a fertile whorl at the top. It usually bears a deposit of lime ....
.

.

Acetabularia
B.
1.

2.

3.

4.

5.

PHAEOPHYTA.

—

Fronds filamentous uniseriate
Fronds non-filamentous
Sporangia and gametangia free
Sporangia and gametangia intercalary in the branches
Cells of the filament with parietal chromatophores
Cells of the filament with 2 stellate and axile chromatophores
Fronds irregularly globose, hollow
Fronds not so
Thallus reticulately perforated to give an open network

2

4

Ectocarpus
3

Pylaiella

Bachelotia
5

7

Hydroclathrus

Thallus not perforated
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6.

Walls gelatinous composed of closely packed chains

of

minute spherical

cells

....

Leathesia

Walls composed of large vesicles covered with minute
7.

8.

cells in parallel

rows ....
Golpomenia

8
Fronds erect, membranous, or leathery. More or less expanded
Fronds elongate, tubular or solid, becoming partly tubular with age
28
Lamina undivided. Midrib absent. Sporangia immersed, scattered over the whole

frond

Petalonia

Lamina divided
9.

10.

11.

12.

13.

9

Sporangia in sori
10
Sporangia absent, gametangia in conceptacles
20
Thallus without midrib
11
Thallus with midrib.
Thallus dichotomously branched
Dictyopteris
12
Frond regularly or irregularly dichotomous
15
Frond not dichotomous
13
Thallus regularly dichotomous
14
Thallus not regularly dichotomous
Frond having 1 layer of central cells. Obvious apical cell at the end of each branch
Dictyota

present

Frond having
14.

2 or

more layers

No obvious

of central cells at least at the margin.

Dilophus (some spp)
apical cell present
Thallus having 2 or more layers of central cells at least at the margin
Dilophus
Thallus without 2 or more layers of central cells
Spathoglossum
.

.

.

15.

Frond fan-shaped
Frond not fan-shaped

16

16.

Sporangia in sori
Sporangia in concentric bands

17

17.

T.S. thallus

18.

Lamina

18

shows cortex enclosing a single layer of larger cells. Sori with neither
paraphyses nor indusium
Pocockiella
T.S. thallus shows no such layer of larger cells.
Sori with paraphyses and
indusium
Zonaria
entire or with a lobed margin.

Margin inrolled

to give

a scrolled effect

Padina
Margin not inrolled
Taonia
Fronds pinnately branched in 1 plane. Lower divisions ribbed
Lobospira
Frond compound, comprising hapteron, unbranched stipe, pinnatifid lamina

Lamina
19.

19

acinate.

Ecklonia
Thallus differentiated into axial and lateral members
Thallus not so differentiated
Receptacles specialized from frond segments

26

22.

Receptacles not specialized from frond segments
Receptacles single and marginal arise from entire ramulus
Receptacles or groups of receptacles arise from upper part of branches

23

23.

Vesicles distinct from other organs and stipitate.

20.

21.

21

22
25

—

24

Leaves unspecialized

—no

midrib

CystopJiora
Vesicles not distinct from other organs, but are inflations of the terminal leaves.

Leaves alternate and have a midrib
24.

Main

axis abbreviated, not vesicular, giving

Gystophyllum
off

long branches; leaves

Main axis elongated, exceeding the branches
25.

Leaves peltate,

flat

modified

Sargassum

branches

fleshy,

marginal ....
Garpophyllum
wai'ted externally and spirally inserted round the stem;

vesicles are modified leaves

in height;

leaves

flat,

Scaberia

Leaves in the form of a flattened stem; cauline vesicles present; leaves intermingled
with small ciliary processes that may develop into leaves
Phyllospora

BY MARGARET M. MACKAY.
26.

27.

29.

30.

31.

—

hollow,

33.

34.

27

Notheia
8plachnidiu7n

cylindrical

Fronds tubular
Fronds solid or becoming partly tubular with age
Sporangia in sori. Frond about 2-5 cm. in diameter
Sporangia generally diffused. Fronds 1-4 mm. wide
Fronds slimy, soft and flaccid, with a central strand
short horizontal filaments. Gametangia immersed
Fronds not so

29

30

Asperocoecus
Scytosiphon
of

hyphae and a cortex

in the cortex

of

31
32

Bactropliora

Colourless hairs present

Myriogloea

Colourless hairs absent
32.

Hormosira

Conceptacles borne on swollen internodes (receptacles)
Conceptacles scattered over frond no receptacles
Thallus solid, terete, slightly branched. Parasitic on Hormosira

Thallus
28.

363

Thallus dichotomously or sub-dichotomously branched

33

Thallus not so branched
Fronds with numerous obvious tufts of hairs
Fronds without obvious tufts of hairs
Thallus with one apical cell at the end of each branch

35

Ghnoospora
34

Spermatochnus

Thallus with more than
35.

36.

37.

38.

39.

Stilophora
1 apical cell at the end of each branch
Fronds composed of cells of nearly uniform length arranged in transverse rows.
Fronds polysiphonous throughout but ending in prominent apical cells .... 36
Fronds composed of prosenchymatous medullary cells, becoming smaller towards
38
the surface; with or without an axial hypha
Fronds having shaggy
Lateral branches formed by division of the apical cell.
Stypocaulon
bases of descending filaments and erect bushy branches
37
Lateral branches not arising from the apical cell
Sphacelaria
Fronds setaceous, branching usually alternate
Fronds with branches densely covered with short ramuli more or less regularly
Gladostephus
whorled
Axis and branches without filamentous hairs
Scytothamnus
Axis and branches bear at their tips tufts of filamentous hairs
39
Sori terminal at the tips of branches below filamentous hairs and separated from
them by an annular swelling
Carpomitra
Sori found on short lateral branches below filamentous hairs giving the branch a
swollen appearance
Sporochnus

—
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TWO NEW GENERA OF DEVONIAN TETRACORALS FROM AUSTRALIA.
By

A.

E.

H. Peddek, University of

New

(Communicated hy Br.
(Plate xix;

G.

England, Armidale, N.S.W.

M. Philip.)

two Text-figures.)

[Read 27th November. 1963.]

Synopsis.

The genera

Diphyphyllum" gemmiforine Etheridge, and Sulcorphyllum,
based on "Prismatophyllum" hroxonae Hill, are erected.
Zelolasma may be represented by a
late Wenlockian species, otherwise its range is Siegenian to Emsian or Eifelian
as presently
known Siilcorphyllum is restricted to beds of probably Emsian age.
Zelolasyna, based on

''

;

Intkoduction.
on Australian Devonian tetracorals has revealed ttie need for new genera
for several well-known species.
Among these are ''Dij)hyphylhim" gemmiforme
Etheridge and "Prismatophyllum" brownae Hill.
Zelola.nna is here proposed for the
former and Sulcorphyllum for the latter.

Work

Systematic Description.
Family DISPHYLLIDAE Hill.
Genus Zelolasma novum.
Name derivation. Greek, iekos - rivalry, and eXas/xa = plate.
Ty2)e species.
Diphyphyllum gemmiforme Etheridge, see below.
Description. The corallum is sub-massive and characterized by abundant multiple
and peripheral budding. The corallites are short and fundamentally sub-cylindrical,
but are commonly so crowded that flattening occurs at the contact of adjacent corallites
and in places the corallum is quite cerioid.
Septal grooves may occur on free
corallites.
The epitlieca is thin and consists of a narrow axial plate and an inner
fibrous layer (terms from Flower, 1961, p. 28). The axial plate is not thicker between
touching corallites, nor is a dividing line visible in it. The relationship between the
septa and the wall is shown in Text-figure 1. The septa are roughly radially arranged,
short and only just differentiated into two orders.
In transverse sections their
peripheral part is normally smooth and either straight or only gently sinuous, but
their axial part is wrinkled and slightly carinate.
Most septa are uniformly thin, a
few are dilated throughout, or in the axial region only. The trabeculae are directed
upwards and inwards; distally they tend to flatten, forming a ragged edge to the
septum.
The dissepiments are mostly small and globose although the outer ones are
commonly larger and rhomboid. Typically the adult dissepimentarium is composed of
two to four ranks of dissepiments. Tabellae occur, but are not common. The tabulae
are very variable and may be complete or incomplete; most are gently concave, some

—
—

—

are straight or convex.
Distinctions.

—The

common

multiple budding and resultant sub-massive corallum,

septa which are, if anything,
peripherally than axially, distinguish this genus from other disphyllids.

together with the almost undifferentiated

less

dilated

Apart from these distinctions, Gylindrophyllum is much more carinate, Disphyllum
well-developed tabellae and the type species of Acinophyllum has extremely
prominent lateral processes.
has

Peoceedings of the Linnean Society of

New South

Wales.

1963, Vol. Ixxxviii, Part
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assigned.

Species
fig.

Z.

4) and T.
gemmiforTne

A. E.

— Thamnopliyllum

ciirtiim

Hill

Cavan

in the

(1940&,

H. PEDDER.

365

abrogatum Hill

pp.

261,

262,

PL

(1940&,
10,

fig.

pp.

260,

261,

PI.

10,

Both occur with

5).

Bluff Limestone.

—

Disphyllum praecox Hill (1940a, pp. 398, 399, PI. 11,
Wenlockian Bowspring Limestone, N.S.W. The minor and
major septa are better differentiated than in Z. gemmiforme and its growth form is
Species doubtfully assigned.

figs

from the

15-17)

late

not so obviously sub-massive as

is

that of the type species.

Hexagonaria mayendorfi Le Maitre
early

Emsian

of Algeria.

(1952,

pp.

59,

60,

PL

5,

figs

1-3)

from the

This species appears to resemble the type species, but

is

entirely cerioid.

—In

Z. gemmiforme has been
Garra Beds of N.S.W. and
an undescribed species (University of New England no. P8687) occurs in possible
Emsian or Eifelian beds near Mudgee, N.S.W. The total range therefore of Zelolasma
may be late Wenlockian to Eifelian, but definite occurrences at the present time are
confined to the Lower Devonian of N.S.W.

Distribution.

identified

(Hill,

Text-fig.

of

1.

addition

19426,

PL

6,

to

fig.

the

6)

above

occurrences,

in the Siegenian

Zelolasma r/e)?i?Hi/o?-me (Etheridge)
no. F86SS.

;

(?)

transverse section, x

24,

based on University

New England

Zelolasma gemmiforme (Etheridge). (PL xix, figs 1, 2; text-fig. 1.)
Diphyphyllum gemmiforme, sp. nov. Etheridge, pp. 253-255, PL 37,
PL 39, figs 1, 2; PL 40, fig. 1.
1909. DiphyphylUim gemmiforme, Eth. fil.; Harper, pp. 45, 46.
Harper, p. 47.
1909. Diphyphyllum gemmiformes, Eth. fil. (sic)
1922. Diphyphyllum gemmiforme; Siissmilch, p. 63, figs 21D, 22.3.
1922. Diphyphyllum gemmiforme, Eth. fil.; Benson {pars ?), p. 148 (65).
19 iOb. Disphyllum gemmiforme (Etheridge); Hill, p. 259, pi. 10, figs 2a-3.
19i2b. Disphyllum gemmiforme (Etheridge); Hill, p. 183, pi. 6, fig. 6.
1959. Disphyllum gemmiforme; Browne, pp. 117, 118.
1902.

?

1

;

fig.

1;

;

—

"Cave Limestone",
Types. Holotype, Australian Museum, Sydney no. F5171.
Taemas Bridge north bank of Murrumbidgee River, Parish of Warroo, N.S.W. Harper
named the beds from which the type came the Bluff Limestone. The name is now
modified to Cavan Bluff.
Etheridge (1902), and others after him, regarded this as
Middle Devonian. It is more likely to be Siegenian.
Cavan Bluff
Hypotypes 1 and 2, University of New England nos. F868S, 8690.
Limestone, Clear

Hill,

Portion

south-east of the type locality.

5

or 136, Parish of Cavan.

This

is

about two miles
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—

Remarks. Etheridge and Hill have given descriptions of the species, but both
underestimated the maximum width of the corallites and number of septa, which are
at least 13-0

mm. and

25 x 2 respectively.

PHACELLOPHYLLIDAE Wedekind.
Genus Sulcokpiiyllum novum.
Sulcor Quarry near Attunga, N.S.W., and Greek,

Family

—
—Prism,atopliyllum broivnae Hill, see below.
cerioid and increase
Description. — The corallum
peripheral

Name
Type

derivation.

cpvXKop

-

leaf.

species.

is

is

giving single, or

The epitheca is thin, straight, or slightly
more rarely multiple, intermural offsets.
zigzag between the main angles and consists of an axial plate separating two thicker
The latter are presumably the fibrous layer and traces of a fibrous structure
layers.
are just discernible in some specimens, but most of the available material is too poorly
preserved to be certain of this. The septa are radially arranged and in the tabularium

Text-fig. 2.
a, h, Sulcorphyllum hroionae (Hill)
longitudinal section, x 4-8, based on
University of New England no. F8689, and transverse section, x 3-2, based on University of New
England no. P8691. c, Trapezophyllum elegantuhim (Dun) longitudinal section, x 4-8, after Hill.
;

;

In the outer and middle parts of the dissepimentarium they are thin and smooth to moderately thick and carinate; at the inner
dlssepimentarium they are strongly dilated and fusiform in transverse section, in
places adjacent septa are in contact. In the only known species the major septa alone
extend into the tabularium, where they are attenuate, smooth and just withdrawn from
the axis. The dlssepimentarium is in three concentric zones: the outer consists of flat
dissepiments, the middle of outwardly and upwardly convex dissepiments in several
ranks, and the inner zone consists of regularly superposed horseshoe dissepiments.
In the inner zone, the trabeculae show typical phacellophyllid divergence, but in the
middle and outer zones they are directed upwards and outwards.
The tabulae are
incomplete and irregular in shape, many are strongly arched; their spacing, however,

are differentiated into two orders.

is

generally fairly regular.

—The

cerioid growth form and the complex dlssepimentarium disfrom other phacellophyllids.
In its possession of outer flat
dissepiments Sulcorphyllum, resembles Trapezoj)hyllum which is also cerioid, but there
is no zone of outwardly
convex dissepiments between the horseshoe and flat dis-

Distinctions.

tinguish

this

genus

sepiments in Trapezophyllum.

Hexagonaria lsisting of inwardly
Distribution.

Prismatophyllum] has an entirely different dlssepimentarium conand upwardly convex dissepiments and disphyllid trabeculae.

—At

the present time only the type species

is

referred to the genus.

—
BY
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SuLCOEPHYLLUM BKOWNAE
19A2a. Prismatophyllum

brownae,

PEDDER.
(Text-flgures

(Hillj.

sp. nov.;
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Hill, pp.

Prismatophyllum brownae Hill; Brown, p.
Types. Holotype, Sydney University no. 8152.

1942.

143,

2a,

152,

I).)

PL

3,

figs 4a,

b.

170.

—

Limestone near Sulcor Quarry.
Hill (1942a) believed
Portion 88 or 115, Parish of Burdekin, near Attunga, N.S.W.
this limestone to be early Middle Devonian, but it may be late Lower Devonian.
Hypotypes 1 and 2, University of New England nos. F8689, 8690. Sulcor Limestone,

same locality as holotype.
Remarks. The following comments are based on a study of about eight specimens
The maximum
and are intended to supplement Hill's description of the holotype.
corallite width is about 12-0 mm. and the maximum number of septa is 19 x 2. Ridges
presumably representing extremely short tertiary septa are present on the inner side

—

Hill denied the presence of flat dissepiments in the species;
however, they appear to be visible in the published figure of the holotype and are
certainly present in the sixteen longitudinal sections studied by the writer.
of the epitheca in places.
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A FIRST REPORT OF CHROMOSOME NUMBER IN THE GENUS LYGHN0THAMNU8
(RUPR.) LEONH. AND COMPARISONS WITH THE OTHER
CHAROPHYTE GENERA.
By

A. T. HoTCiiKiss,

Department

of Biology, University of Louisville.

(Sixteen Text-figures.)

[Read 27th November, 1963.]

Synopsis.

Lychnothaninus barbatus (Meyen) Leonh. The discovery of this charophyte by R. D. Wood
in Queensland extends the range of this monotypic genus from Europe through India to
A first chromosome count for this genus in material supplied from the Wood
Australia.
collections shows 28 chromosomes, a number which is clearly related to the 14s and multiples
Comparisons are made with the
of 14 found in Chara and other genera of Tribe Chareae.
other charophyte genera.

Among

numerous collections of charopliytes from the Australasian area listed
by R. D. Wood (1962&) vv^as a series of cytological specimens
Included among these was material of the
prepared for chromosome counting.
Wood's discovery of Lychnomonotypic Lychnothamnus harhatus (Meyen) Leonh.
thamnus in Queensland constitutes a new record for Australia. The known geographical
range (Wood and Imahorl, 1959) for this genus is extended from Europe through
the

in a preliminary report

Tribe Cliareae. 1-3. Lychnothatnnus barbatus (Meyen)
Metapliase of mitosis in antheridial filament
3, Metaphase
4-9.
cell.
Metaphase chromosomes from genera of the Chareae.
Lamprothamniwrn macropogon (A.Br.) Ophel 5, Charopsis {Chara) braunii (Gmel.) Kutz.
Protochara australis Woms. and Ophel 7, Chara vulgaris L.
Chara contraria Kutz.
8,
Chara zeylanica Klein ex Willd.
Text-figs 1-9,

Leonh.

Chromosomes

Interphase nuclei
chromosomes from a brolven
4,
6,

9,

1,

;

in the

2,

;

—

;

;
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The purpose of this brief paper is to report the results of a study
specimens of Lychnothamnus barbatns from Australia.
The collection data provided by Wood are as follows: R. D. Wood 60-11-21-10.
Nov. 21, 1960. In c. 5" of water, pool beneath bridge, Warrill River, c. 44-7 mi. N of
Warwick, Queensland, Australia. (Mixed with No. 60-11-21-9) (CYT J).
As already noted (Wood, 1962&), the cytological specimens (which totalled some
200 vials) were prepared in the field by fixation in acetic-alcohol and were later
Stored under refrigeration, these materials have
preserved in 70% ethyl alcohol.
remained in good condition up to the present. Chromosome counts were made from
India to Queensland.

of the cytological

li

iO

i^rm

ti II if

V

*»

Chromosomes in Chara sejuncta; 11-16, Chromosomes in the Tribe Nitelleae.
Chara sejuncta A.Br. Karyotype, x 1800. 11-15. Metaphase chromosomes from genera of

Text-flgs 10,
10.

—

the Nitelleae.
13, Nitella
11, Nitella opaca (Ag. ex Bruz.) Ag.
12, Nitella flexilis (L.) Ag.
sp.
14, Nitella microcarpa ssp. megacarpa (T.F.A.) Nordst.
15, Tolypella prolifera Leonh.
16.
Tolypella sp. Karyotype (freehand), x 1800.
;

;

;

;

Drawings
mitoses in antheridial filaments squashed and stained with aceto-orcein.
were made with the aid of a camera lucida. The cytological specimens and permanent
slides of chromosome preparations are deposited in the Herbarium of the University
other parts of the Wood Collections are deposited elsewhere (Wood,
Detailed descriptions and taxonomic treatments of the charophyte collections

of Louisville;

1962&).

provided by Dr. Wood in a series of papers (Wood, 1963; and in press)
concurrent with the publication of the cytological findings (Hotchkiss, in press).

will be

Cytological Findings.

The

Lychnothamnus barbatus (Fig. 1-3) are
long and 22(1 wide. At metaphase we have observed 28 chromosomes. These are
mostly V-shaped or J-shaped in form and tend to overlap each other even in polar
view. The chromosomes of Lych. barbatus are large in size when compared with most
other charophytes and range up to about IQ/j, in length in the metaphase figures.
As is well known (Karling, 1926; 1928), in antheridial filaments of charophytes
the uniseriate cells are in synchronous division and it is not unusual to find a group
12/i

cells

of the antheridial filaments of
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of

8,

more adjacent

16 or

cells

IN
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showing the same stage

of nuclear division followed

by

The synchronous divisions are
many cells at the same stage of
division or simultaneously in other stages of division in the same filament.
Chromosomes from ruptured cells are not dependably coherent and tend to mingle with those
from other protoplasts in freely floating masses in preparations. For accurate counting,
the observer is practically limited to observations of intact cells in which the chromosomes can usually be spread by the judicious application of pressure in squashing.
Within the confines of the antheridial cell wall a few, short, straight chromosomes are
more easily counted than those which are longer and curved. Thus, at best, the results
may not be comparable with figures obtainable in well spread pollen mother cells. All
of these difficulties were experienced in arriving at a count of 28 chromosomes in
Lychnothamnus barbatus.
other groups of cells in successive stages of mitosis.
convenient for the observation of cytological details in

Cttotaxonomic Relationships.
Lychnothamnus, chromosome counts
are now available for all the extant charophyte genera recognized by various authors,
including Chara, Charopsis, Protochara, Nitellopsis, Lamprothamnium and Lychnothamnus in the Tribe Chareae, and Nitella and Tolypella in the Tribe Nitelleae. Up

With the completion

to the

present very

little

of the present study of

use has been

made

of

karyotype data in the systematics of

the charophytes.

In our studies of the Chareae, 14 chromosomes and multiples of 14 in a euploid
Other numbers not in the euploid series have
have been consistently found.

series

Although not known in any extant species
been reported also by various authors.
reported thus far, the number 7, as suggested by the work of many authors, may
logically be regarded as basic.
The Tribe Chareae is now represented by the numbers
14 and higher multiples of 14 in Chara, 14 in Charopsis (a 12 also reported by
Corillion, Gillet and Guerlesquin, 1959), 14 in Protochara (MacDonald and Hotchkiss,
1955), 14 in Nitellopsis (Telezynski, 1929), 28 and higher multiples of 14 in Lamprothamium (Lindenbein, 1927; Hotchkiss, in press), and 28 in Lychnothamnus. In the
Chareae there thus seems to be a remarkable adherence of all members of the tribe
This common cytological
to a karyotype of 14 chromosomes and multiples of 14.
feature presents striking evidence for the essential unity of a group which has long
been recognized on the basis of external morphology.
The genus Lychnothamnus
with 28 chromosomes appears to be no exception to the general pattern for the tribe
as a whole.

The lowest, and apparently basic, number reported in the genus Nitella is 6,
suggested as basic in this genus by Gillet (1959), Guerlesquin (1961), and Imahori
and Kato (1961). We have been able to confirm the 6 in Nitella opaca in studies of
North American material, as reported by Imahori and Kato (1961). In connection with
Nitella, there should be mentioned also the number 9 which may be derived from an
original 6 but which is now almost certainly the source of multiples of 9 including
some series of Nitella species (based on unpublished data).
number 9 may also be regarded as basic, at least secondarily,

18s and 36s in

sense

the

In this
for

some

sections of Nitella.

From the work of Corillion and Guerlesquin (1959) and Guerlesquin (1961)
This number has not
comes the proposal of 10 as the basic number in Tolypella.
been confirmed by our studies in American species. Contributing to the uncertainties
of chromosome counting in Tolypella are many of the same difficulties experienced with
Lychnothamnus plus others. In Tolypella some of the chromosomes are long and often
sharply bent at multiple constrictions which may lead to error in one direction but
at the same time they possess a stickiness giving them a false kind of cohesion which
leads to counting errors in the other direction. Although the total number of chromosomes is not large, it is stated without apology that during periodic examinations
beginning in 1956 our counts have varied considerably in the same species with a

—

variation

more apparent than

real.

We

are

now ready

to

propose tentatively the
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number

9 for Tolypella (from the material of T. proUfera Leonh. reported by Daily
from Pokagan State Park, Indiana). Chromosome numbers for other species
Tolypella have not yet been resolved.
A summary of the basic or ancestral numbers in the present-day charophytes now

(1950)
of

appears as follows:
Tribe Nitelleae.
6
9
9

Genus Nitella, in part.
Genus Nitella, in part.
Genus Tolypella. in part, and 10

Tribe Chareae.
14 (probably

derived

also reported.

from 7).
All genera, including Chara,
Lamprotfiavmium and Lychnothamnus.

Charopsis,

Nitellopsis, Protochara,

Departures from the uniformly euploid chromosome series outlined here
undoubtedly exist, but are probably best treated as derivative from the basic numbers
and their multiples. The genera Charopsis and Protochara are included in Chara by

Wood

(1962a).
Table
Chromosomes in

the

Genus.

Collection.

Lychnothamnus barbatus

Lamprothamnium macropogon
Charopsis (Chara) braunii
Protochara australis
.

Chara
Chara
Chara
Chara

1.

Charophyte Genera by A. and B. Hotchkiss.

.

.

28
28
14
14

vulgaris

14

contraria

28
70
14

zeylanica
sejuncta

Nitella opaca

6

12

Nitella flexilis

9

Nitella sp.

Wood 60-11-21-10
Western Australia, Wood 60-10-1-5
Indiana, Hotchkiss and Tindall 1960
Western AustraUa, Wood 60-10-1-13
New York, A. and D. Hotchkiss 1957
Kentucky, A. and D. Hotchkiss 1957
Florida, Hotchkiss and Tindall 62-1-30-1
Kentucky, A. and D. Hotchkiss 1957
New York, A. and D. Hotchkiss 61-7-6-1
Kentucky, Hotchkiss, Tindall, Sawa 63-5-2-1
Western Australia, Wood 60-10-16-13

Figure.

Queensland,

10
11

12
13

Nitella microcarpa ssp.

megacarpa
Tolypella sp.

.

Rhode Island, Wood 1958
Indiana, Hotchkiss and Tindall 61-7-16-1

14

9
9

Arkansas, Hotchkiss, Tindall, Minckley 62-4-30-1

16

18

Tolypella prolifera
.

.

.

15

The study of the karyotype in the charophytes is now only in the beginning
phase which has been devoted largely to the accumulation of chromosome numbers in
Preliminary studies seem to indicate that chromosome
as many taxa as possible.
number and genome morphology will be useful aids in forming taxonomic conclusions
not only at the species level but may even show characteristics typical of the various
genera.
Without depending upon chromosome number alone, the chromosomes of
Nitella are quite generally distinguishable from those of Chara and other genera of
the Chareae. The chromosomes of Tolypella have a characteristic form and behaviour.
With further study it may be possible to make general distinctions for all the genera
and possibly for larger subgroups in Chara and Nitella as well. Illustrations selected
with a view to representing the gross morphology of the chromosomes of the various
genera are shown in Text-figs 1-16. The arrangement of chromosomes in Text-fig. 10
emphasizes what appears to be a somatic pairing of chromosomes, rather frequent in
some charophytes, illustrations of which can be seen in Text-figs 5, 7, 8.
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IDENTIFICATION AND DISTRIBUTION OF ROOT KNOT NEMATODES
(MELOIDOGYNE SPP.) IN NEW SOUTH WALES WITH SPECIAL
REFERENCE TO THE RICHMOND - TWEED REGION.
By C. D. Blake,* Division of Science Services, New South Wales Department

of

Agriculture, Murwillumbah.
(Plate XX

;

three Text-figures.)

[Read 27th November, 1963.]

Synopsis.

In New South Wales four species of root knot nematodes, namely, Meloidogyne incognita
(Kofoid & White) Chitwood, 31. javanica (Treub) Chitwood, M. arenaria (Neal) Chitwood
and M. hapla Chitwood, were found. All four species were widely distributed with M. incognita
and M. javanica most common. For each species of Meloidogyne^ the known distribution in
New South Wales and in the Richmond-Tweed region is shown, and plants found to be hosts
are listed.

Intboijvction.
root knot nematodes were considered to be one species, Heterodera marioni

All

(Cornu, 1879) Goodey 1932, until Chitwood (1949) resurrected the genus Meloidogyne
and separated root knot nematodes from the cyst-forming Heterodera species.
He
redescribed M. incognita (Kofoid & White, 1919), M. javanica
(Treub, 1885),
M. arenaria (Neal, 1889) and M. exigua (Goldi, 1887) and described M. hapla and
M. incognita var. acrita.
Of the characters Chitwood used, the cuticular pattern at
the posterior end of the adult female, known as the "perineal" or "anal plate pattern",
has proved the most useful.
Seven more species have since been described, namely,
M. inornata Lordello, 1956, M. hrevicauda Loos, 1953, M. acronea Coetzee, 1956,
M. africana Whitehead, 1960, M. artiellia Franklin, 1961, M. coffeicola Lordello &
Zamith, 1960, M. kikuyensis de Grisse, 1961, and two varieties, M. arenaria var. thamesi
Chitwood, 1952, and M. javanica var. bauruensis Lordello, 1956.
Triantaphyllou &
Sasser (1960), after studying morphological and physiological variation, synonymized
M. incognita and M. incognita var. acrita.
Sasser (1954) inoculated peanut, pepper, watermelon and Lycopersicon peruvianum
(L.)

Mill,

to

identify four species of Meloidogyne,

races of these are

now known,

differential

but as biotypes or physiological
may be misleading.

host reactions alone

Root knot nematodes deform roots, cause unthriftiness and reduce yields of many
especially in temperate and subtropical regions.
In Australia, root knot is
ubiquitous and ranks as a major disease of cultivated plants. In an extensive survey
in Queensland, Colbran (1958) found M. javanica, M. hapla, M. incognita and M. arenaria
with physiological races in some species.

plants,

Goss (1958) found the same four species in Western Australia. M. javanica and
M. incognita are present in South Australia (Fisher, in litt.), M. javanica and M. hapla
in Victoria and the Murray Valley (Seinhorst & Sauer, 1956; Sauer & Giles, 1957;
Meagher, in litt.) and M. hapla and possibly M. arenaria in Tasmania (Thistlethwayte,
in

litt.

)

In New South Wales Fisher & White (1954) found M. incognita at Sydney, but no
other identifications have been published.
I made this study to find out the species
present in New South Wales and their distribution within the State.
*

Present address

:

Faculty of Agriculture, University of Sydney, Sydney, N.S.W.

Proceedings of the Linnean Society of

New South

Wales,

1963, Vol. Ixxxviii, Part

3.
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Materials and Methods.
This study is based on 320 root knot specimens either forwarded to the Biology
Branch, N.S.W. Department of Agriculture, for identification of the disease or collected
These latter specimens were from arable areas and
in the Richmond-Tweed region.
from a wide range of hosts.
Root galls, preserved in formalin-acetic acid-alcohol (FAA), were placed in a
boiling solution of 0-1% cotton blue in lactophenol and allowed to cool (Franklin,
1962).
Mature females were dissected from the galls, transferred with fine forceps
to a drop of lactophenol on a perspex block, and the perineal region removed with an
oculist's scalpel.
These sections were then trimmed and mounted on microscope slides
in clear lactophenol (Goodey, 1957).
At least six patterns were prepared and examined for each identification.

New

South Wales, showing the distribution of species of Meloidogyne
Pig. 1. Outline map of
Second or subsequent records of a species in a locality are omitted.
identified in this survey.

Results.
Meloidogyne were found in New South Wales, namely, M. javanica,
M. incognita, M. arenaria and M. hapla (Plate xx) and their distribution is shown in
Figure 1.
M. incognita was found on the northern and southern borders of the State, inland
M. javanica was also widely distributed
at Griffith, and widely distributed elsewhere.
M. arenaria and
and both nematodes infested plants belonging to many families.
M. liapla were found less frequently, but also on taxonomically dissimilar hosts.
In
The distribution of every species was widespread in New South Wales.
vegetable farms, home gardens or other areas of intensive cultivation where rooted
plants are introduced, two or even three species of Meloidogyne were found, occasionally
on the same or adjacent plants.

Pour species

A more

of

detailed study

was made

in the

Richmond-Tweed

region.

The same four

species were found and again their distribution followed no apparent pattern (Fig. 2).

The following is a list of plants, arranged alphabetically, and found to be infested
The collection site is shown in
with species of Meloidogyne in New South Wales.
brackets. An asterisk denotes that the plant was recorded as a host in Queensland by
Colbran (1958).
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Meloidogyne javanica.

*Ananas

comosus

(L.)

Merr.

(Bangalow),

*Asclepias

fruticosa

L.

(Wiseman's

Ferry), *Avena sativa L. (Dorrigo), Begonia semperflorens Link & Otto (Lane Cove),
*Daucus carota L. (Tweed Heads, Yenda, Griffith), Dolichos lablab L. (WoUongbar),

Impatiens balsamina L. (Rydalmere), Lotononis bainesii Bak. (Maclean), *Lycopersicon
esculentum Mill. (Maroota, Dunoon, Griffith, Merewether), *Nicotiana glauca Graham
(Huonbrook), *Phaseolus lathyroides L. (Grafton), *Amygcialns persica L. (Griffith),
*Rosa sp. cult. (Wentworth), *8olanum tuberosum L. (Alstonville), Streptosolen sp.
(Murwillumbah), *Trifolium pratense L. (Kyogle, Byangum), Trifolium suMerraneum
L. (Kyogle, Bingara, Bora Ridge).

Fig. 2. Outline map of the Richmond-Tweed region of
distribution of species of Meloidogyne identified in this survey.
a species in a locality are omitted.

New

South Wales, showing the
Second or subsequent records of

Meloidogyne incognita.
sp.
(Duranbah), Apium graveoleyis L. (Coffs Harbour), Aucuba
(Hornsby), *Begonia semperflorens Link & Otto (Sydney), *Chenopodium album L. (Duranbah), Cucumis melo L. (WoUongbar), *Cucumis sativus L.
(Goolmangar), Goleonema sp. (Gunnedah), Dolichos lablab L. (WoUongbar),
*Ficus
carica L.
(Griffith), Geijera parviflora Lindl.
(Albury), *Impatiens balsamina L.
(Murwillumbah), Ipomoea batatas L. Lam. (Brooklet), *Lycopersicon esculentum Mill.
(Terranora, Duranbah), Musa sp. (var. Williams Alstonville, Duranbah), Musa sp.

*Amaranthus

japonica Thunb.

—

ROOT KNOT >;EMAT0DES

376

I?s'

NEW

SOL

TH WALES,

—

Michel Duranbah), Nicotiana glauca Graham (Duranbah), Sida rhonibifolia
(Brooklet), Streptosolen sp. (Warrimoo), *Trifolium repens L. (Crystal Creek, Byrrill
Creek, Billinudgel, Byangum), Vicia sativa L. (Bora Ridge), *Vitis vinifera L. (Yanco),
(var. Gi'os

L.

Phaseolns vulgaris L. (Duranbah).

Camera

lucida drawings of the perineal patterns of species of Meloidogyne on three
legumes.
Patterns A-C from Stylosanthes humills (Duranbah), Patterns D-F
from Lotononis baineseii (Maclean) and Patterns G-H from Teramnus nncinatis (Grafton).
Nole. Pattern G is probably M. javanica.

Fig. 3.
subtropical

—

Meloidogyne arenaria.
Beta vulgaris Silver Beet

Amygdalus persica

L.

(Graham's Town), Passiflora foetida

(Lismore),

(Limpinwood, Coraki), Verbena

Stylosanthes

officinalis

L.

sp.

(Brisbane),

L.

(Main Arm),

Trifolium

repens L.

(Limpinwood).

Meloidogyne hapla.
Bidens pilosa L. (Wollongbar), Fragaria ananassa Duch. (Kingscliff, Narara),
*Ly copersicon esculentutn Mill. (Bungawalbin), Trifoliiim pratense L. (Crystal Creek).
*Trifolium repens L. (Wollongbar, Ashford).

.

by

c.

blake.
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Discussion.

M. incognita is the most common root knot nematode of the southern States of
the U.S.A.; M. hajJla is most prevalent north of latitude 39° N (Taylor & Buhrer, 1958).
In Queensland and New South Wales, M. incognita probably predominates, but is
unrecorded in Victoria and Tasmania. Thus study suggests that in eastern Australia,
as in North America, the geographic distribution of M. incognita and M. hapla is
restricted.

Meloidogyne are extremely adaptable and their morpho1949). Allen (1952), Dropkin
(1953) and Franklin (1957) discussed variation in perineal patterns found even
between females from the same plant. This was marked in some patterns examined
during this survey and I was unable to identify some specimens. For example, several
subtropical legumes recently introduced into New South Wales are highly susceptible
to root knot and the perineal patterns of nematodes from these plants are particularly
Figure 3 shows variability in females recovered from single plants of three
variable.
legume hosts. These do not conform to the typical patterns of any described species
of Meloidogyne, and although some may belong to new species, they are probably

Members

the genus

of

logical characters

show considerable variation (Chitwood,

aberrant patterns belonging to

known

species.

Root knot nematodes are recognized throughout Australia as important pathogens
of cultivated annuals and some perennials, especially where these are grown in light,
warm soils. In New South Wales, M. hapla, M. javanica and M. incognita infest clover
pastures, particularly in the north coast region, and affect the establishment and
persistence of white clover (Trifolium rejjens)
red clover (T. pratense) and subterranean clover (T. suMerraneum) in improved pastures. In glasshouse tests, M. hapla
reduced the dry matter yield of white clover by about 60% and considerably increased
its susceptibility to drought (Colman, in litt.).
,

those

In

crops where

uneconomic

is

it

to

apply nematicides,

varieties resistant to root knot offers the best prospects for control.

the

breeding of

However, before

any breeding programmes can be started it is essential to know not only the species
of Meloidogyne present in an area but also whether races or biotypes exist.
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STUDIES OF NITROGEN FIXING BACTERIA.

VIII.

Influence of N-Content of the Media on the N-Fixation Capacity and the
CoLo.xy Variation of Dekxia gummosa Jensen et al. (1960).

By

Y. T.

TcHAN* and H. L. Jensen.!
(Two Text-figures.)

[Read 27th November, 1963.]

Synopsis.

"massive" colonies by Derxia gummosa on a nitrogen-deficient agar
in crowded and greatest in uncrowded plates.
This argues against mutation
as explanation, but seems to reflect competition for a small amount of combined nitrogen
needed for the cells to initiate fixation.
This explanation is supported by the fact that
fixation was stimulated in a liquid medium by the addition of up to 10 p.p.m. combined nitrog-en.

The incidence
medium was least

of

Introduction.

When

Derxia gummosa was isolated and studied by Jensen et al. (1960), it was
reported that two types of colony appeared on nitrogen-deficient solid media: "a thin,
whitish and semi-transparent type (referred to in the text as thin colony) and the
other, massive and opaque (referred to as massive colony)".
The presence of these
two types of colony on the solid medium was independent of the type of colony from
which the seeding inoculum had been derived. On the nitrogen-enriched media, the
massive colonies alone appeared.
Study of the two types suggested that the massive
colony was capable of fixing molecular nitrogen but that the thin colony was not.
(However, the reason for the existence of two forms of colony on nitrogen-deficient
solid medium was not understood.)
The more recent publication on another Derxia
(D. indica) (Roy and Subir Sen, 1962) did not mention colony variation.
The present paper deals with aspects of the two colony forms and the physiology
of this organism.

Methods.
Organism:

A

single-organism isolate of D.

gummosa

K^s

(obtained by Dr. K.

I.

Johnstone, University of Leeds) was used throughout the experiments.
Sources of nitrogen
Media: The basic mineral salts were identical throughout.
and organic matter were varied between experiments. All chemicals were analytical
grade.

The following solutions were

sterilized

separately by autoclaving and

NaCl

Glucose: 10

medium

g.

per

(sterilized

When

a solid

(A)

KoHPO^

0-5

g.,

final
0-25,

(B)
CaCL or
litre of medium (autoclaved)
(C) Na pyruvate: 10 g. per litr^ of
by filtration); (D) NH4NO3 100 mg-N per litre of medium.
medium was required, 20 g. per litre of agar (Japanese or New

FeSO^.THoO

0-25,

the

MgSO^.YHoO
CaCOg 01, Na,MoO,.2H,0 0-005, H.O 1000;

concentration obtained by appropriate dilution:
0-1,

;

Zealand origin) were added.

Media are described as glucose liquid medium or agar (A-l-B) or pyruvate liquid
or agar (A-i-C) or as N-enriched liquid medium or agar (A-l-B-fD).
Nitrogen Fixation: For nitrogen fixation experiments, 50 ml. of liquid medium
were used with glucose as energy source. All glassware was carefully washed with
chromic mixture and rinsed with glass-distilled water. To prevent any contamination
by ammonia from air, the aperture of the 250 ml. conical flask was connected to a

medium

*

t

University of Sydney.
Statens. Planteavls Laboratorium, Lyngby, Denmark.

Proceedings of the Linnean Society of

New South Wales,

1963, Vol. Ixxxvlii, Part
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V

tube containing sulphuric acid.

VIII.

No

gas excliange with the atmosphere could take
To minimize the introduction of combined
soluble nitrogen with the inoculum, this was prepared from thin colonies obtained on
agar medium, suspended in nitrogen-deficient medium and then washed by repeated
place without passing through the acid trap.

The

suspension contained 300 x 10" cells per ml. and was used as
Under such conditions, satisfactory results were
(V/V).
Growth in the nitrogen-fixation experiment was estimated visually.

centrifugation.

final

inoculum at a rate of
obtained.

2%

Growth: Liquid medium was used for growth studies.
The growth in selected
was followed by turbidity measurement at 5000 a. The inoculum used was
the same as for N-fixation.
Triplicates were used in this experiment.

test-tubes

Plating: 0-1 ml. of a suitable bacterial suspension was evenly spread over the
surface of 10 ml. of solidified agar medium in a Petri dish and the surface dried for
a few minutes at 30° C. The quantity of soluble nitrogen introduced with unwashed

inoculum was

less

than 0-001 p.p.m. and can be disregarded for the present purpose.

Results and Discussion.
Colony variation on solid media.
If the appearance of the two types of colony were due to the presence of genetically
distinct cells in a population, the following would be expected: (i) The proportion of
the two types of colonies should be independent of the total number of colonies
developing on solidified N-deficient medium, (ii) The type of colony used as inoculum
(whether massive or thin) would influence the number of "massive-colony type" cells
that developed in a N-deficient liquid medium compared with a medium containing
(1)

Table
Influence of Inoculum History

A. Original type

:

and of

the Total

Number

Used

for

of Different Types of Colony on Glucose Agar at
Different Dilutions

10-2

10-1

Thin.

Massive.

10-*

Total.

Thin,

Massive.

Total.

medium

Experience No. 1
No. 2
No. 3
No. 4

.

t_

.

+NH4-NO3

Experience No. 1
No. 2
B. Original type

:

1862
1250
1170
600

.

Pyruvate liquid medium
Experience No. 1
No. 2
Glucose

Types.

Inoculum

Production.

CtIucosb liquid

Two Colony

thin colony.

Number
aEedia

l.

of Colonies on the Incidence of the

_o

.

-ii

liquid mediimi
.

2

288
251

5

36

1862
1250
1175
636

45

323
306

57

1430
216

35

4

4

2

2

6

6

1

1

1

1

12

12

20

20

—

—

<
1430
159

.

massive colony.

Glucose liquid medium
Experience No. 1
.

.

No. 2..
No. 3

...

..

CD

V

Pyruvate liquid medium

670
527
300

30

701
536
330

389

28

417

1064
302
34

16

1080

49

351

43

77

31

9

—

1

1

2

2

1

1

—

—

4

4

S
Glucose -fNHj— NO,, liquid
Experience No. 1
.

No. 2
No. 3

.

medium
-n;

—
—
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nitrogen would be

concerned.

The following

were applied: each type of colony was inoculated into three
glucose and pyruvate liquid media and N-enriched glucose
liquid medium.
After an incubation period of 10 days in liquid medium the cultures
were plated on glucose agar and the number of both types of colony estimated after a
further two weeks.
The results are summarized in Table 1 for each series of liquid

different

liquid

tests

media:

cultures.

The
Fig. 1. Influence of the total number of colonies on the number of massive colonies.
upper central Petri-dish (No. 1) has the highest number of colonies. In a clockwise direction,
they are successive tenfold dilutions of the same suspension.
Notice the increase in number of massive colonies with the decrease in total colonynumber on Petri-dishes.

None of the results was as would be expected from a genetic difference. The
proportion of massive-type colonies was independent of the type of colony that provided
the inoculum and it was not affected by the presence or absence of combined nitrogen
in the liquid medium but was markedly dependent on number of colonies on the plate.
The thin type was observed alone when the total number of colonies was very
high (at 10"^).
On the other hand, when the total number of colonies was low
(10"*), only the massive type appeared.
Both types of colonies existed in the intermediate range (see Fig. 1). If the two types of colony had originated from genetically

.

..
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cells, the probability would be that the cell
crowded plates (massive type) would be eliminated by

different

thin type that

was absent

in

VIII,

more
was the

the minority in the

dilution.

In fact

it

in the case of highly diluted inocula.

A

non-genetic factor therefore appeared to be involved in the disappearance of
thin colonies, or reduction in their number, on glucose agar medium. An interaction
between colonies, especially by competition for nutrients, could be responsible for the

Jensen et al. (1960) have indicated that on nitrogenobserved colonial variation.
This suggests that the comenriched media, only massive type colonies appeared.
petition for residual nitrogen of the deficient agar medium may be responsible for
Careful observation of the agar surface showed that the massive
colony variation.
colony appeared more frequently when the surrounding area was relatively free of
other growth, where consequently more residual nitrogen would be available to the
colony concerned (see Fig. 1, No. 2 and No. 3 and marginal effect in No. 1 and No. 2).
If this explanation is valid, it should be possible to increase the number of massive
Inocula that had
colonies by introducing combined nitrogen into the glucose-agar.
originated from a thin colony and massive colony were introduced separately into a
After 10 days of incubation, one drop of the culture,
nitrogen-deficient medium.
previously diluted to 10", was spread on the surface of glucose-agar enriched with
NHi-NOs at the following concentrations: 100 p. p.m., 10 p.p.m., 1 p.p.m., 0-1 p.p.m., with
the nitrogen-deficient medium as control.
The results are summarized in Table 2.
Table
Influence of

Original

Type of

Thin
Massive
Total

.

.

.

.

Massive
Total

the

972
972

582
400
982

900
900

—
—
—

Thin
Massive

2.

Colony Development.

Quantities of

Colony
Type.

the Inoculum.

Thin

Added Nitrogen on

.

Added Nitrogen

p.p.m.

926
14
940

1233
1234

1245

867

834

700

63

6

1

930

840

701

1245

1

The results showed that the ratio between the two types of colony was influenced
by the quantity of added combined nitrogen, which, together with the fact that it was
They
related to the total number of colonies, supported the interaction hypothesis.
would also explain earlier difficulty in interpretation of colony variation. One of us
(H.L.J.) had suggested the possibility that the massive type of growth would occur
and nitrogen would be fixed if the inoculum were heavy.
To test this hypothesis,
Jensen et al. (1960) used inoculum of different sizes to inoculate liquid media with
and without added combined nitrogen. It was found that the minimum quantity of
inoculum capable of producing positive growth and fixation of nitrogen was the same
for both media.
It seemed that the addition of nitrogen was unnecessary for the
formation of massive type of growth when the number of cells used as inoculum was
very low.
This failure to detect the influence of inoculum size by Jensen et al. in liquid
media could be explained by the present results obtained on the agar medium. These
suggest that when there are few cells in a dilute inoculum, the residual nitrogen of
the medium will be adequate to allow the initiation of the nitrogen fixation.
Therefore, it will be independent of added combined introgen, and the minimum size of
inoculum required to give positive growth will be identical in media with or without
added combined nitrogen.
It is possible to explain the variable colonies formed by this organism by considering the nitrogen metabolism of the bacteria, taking account of the impossibility
of completely excluding residual combined nitrogen in the medium.

.
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The following could be advanced as working hypothesis: If a certain physiological
must first be reached for nitrogen-fixation to take place, then this could not be

state

medium completely free of combined nitrogen. In practice no medium
requirement and the small amount of combined nitrogen inevitably present
could sufiice to build up the necessary physiological state in a small number of cells
and so start nitrogen fixation.
However, if the number of cells is too high, the
amount of existing combined nitrogen may not be enough to meet this threshold
requirement of all cells. In the presence of sufficient combined nitrogen in the solid
medium, all colonies must, according to the present hypothesis, be of the massive
This was previously reported by one of us ( H.L.J. ).
type.
initiated in a

fulfils this

The present hypothesis

also implies that, if thin colonies result from N-deficiency,
changed into massive type if adequate combined nitrogen is
supplied even after the thin type colony has been formed. The following experiment
this type of colony will be

was carried out

to test this point.

An

agar plate was seeded with a suitable suspension giving rise to approximately
5% massive colonies. After the colonies were developed and well differentiated into
the respective types, a square 0-5 cm.= of the agar containing the thin colonies was
cut out and transferred to the surface of an agar medium containing 100 parts per
million

ammonium-nitrogen

of

(ammonium

sulphate).

In

two days,

all

the

thin

colonies had developed into massive colonies, whereas untransferred thin colonies on

medium were unchanged. This experiment showed that the colony type
was conditioned by the nitrogen available to the organism.
the initial agar

Table
Influence of

p.p.m. of

N

NH4-NO3

3.

Growth and Nitrogen Fixation by D. gummosa.

005

01

10

50

+

+

+±

+++

++++

110

4-8

29-0

132

.

.

.

N-flxed in p.p.m.*

The

the

added as

Estimate of growth

*

Added Nitrogen on

quantities of

197-4

added nitrogen were deducted in the

100

+

-f

++

194

130
-I--I--I-

960

+

17-0

20-0

-f--l--l-H-

+ -H-

91-4

18-4

results reported here.

Study of nitrogen fixation in liquid medium.
of nitrogen fixation and its enzymatic systems have been comprehensively reviewed by Mortenson (19&2). The use of ammonia-nitrogen in preference
to molecular nitrogen has been established for the much studied Azotobacter and
Clostridium (Wilson et al., 1951).
To the best of our knowledge no information is
available for Derxia.
In this case the requirement of a small quantity of combined
nitrogen in a medium to allow the formation of massive colony makes the study of
the influence of combined nitrogen or nitrogen fixation necessary.
Liquid medium
(2)

The mechanism

was preferred because

it

was

difficult

to

obtain a sufficiently nitrogen-free agar for

this study.

The quantity of inoculum used was important.
If too few cells were used as
inoculum, the growth would be independent of the added combined nitrogen (see
above).
With heavy inoculum there will be the risk of introducing a significant
amount

of combined nitrogen with the bacterial cell. The procedure already described
under "Methods" was found to be suitable.
The following quantities of nitrogen were introduced into the glucose (nitrogendeficient) medium: 0, 0-05, 0-1, 1-0, 5-0, 10-0, 13-0, 17-0, 20-0 p.p.m. Nitrogen fixation was
studied in triplicate by the Kjeldahl method after 12 days of incubation; growth was

estimated visually.

The results are summarized in Table 3.
Nitrogen fixation was markedly increased when 1 p.p.m. of nitrogen was introduced
to the medium; the maximum was reached when 5-10 p.p.m. combined nitrogen were
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VIII,

Fixation was reduced when 13-17 p. p.m. of combined nitrogen were available
20 p. p.m. almost completely inhibited fixation.
The influence of
added nitrogen on growth was studied in test tubes having the same quantities of
Results are represented graphically in
NHj-NO:, as in the N-fixation experiment.
added.
in

tlie

Figure

medium;

2.

The growth curves

(Fig.

2)

could be roughly classified into two groups.

the quantity of added nitrogen was low
influence on growth.
1

p.p.m. to 20 p.p.m.

(0,

0-05

and

0-1

p.p.m.)

it

When

had no significant

The growth itself in these cases was slow but consistent. When
of combined nitrogen was introduced, a definite stimulation of

Optical density
.3

J

1

/

ppm

/
5

A

ppm

10 ppm

/• 17 PPi"
A 20Ppm
13

2

I

Fig.

2.

growth occurred and

3

4

ppm

Days
5

6

7

8

9

lO

li

12

Influence of added nitrogen on growth of B. giinimosa.

curves could be classified into one group, especially in the
At the 12th day, the final optical density seemed to be
inversely related to the quantity of added nitrogen. This confirmed the earlier findings
by Jensen et al. (1960) which indicated that the addition of ammonium salt as
all

early phase of the growth.

nitrogen source would at first stimulate the growth but later limited it. This limitation of growth was suggested as probably due to acidification of the medium.
However, the small amount of ammonium nitrate (max. 20 p.p.m.) introduced in the
present experiment could only exercise such action in a minor degree in the phosphate-
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medium, the more

buffered
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Also,

D.

gummosa

is

relatively tolerant of H+.

were stimulated by the addition of small
This was consistent with our hypothesis.
At higher quantities (13-0, 17-0 p.p.m.), fixation was disproportionally reduced and
This pointed to the possibility
specially at 20 p.p.m. a strong inhibition was noticed.
that D. gummosa would use combined nitrogen in preference to molecular nitrogen
The smaller amount of nitrogen fixed might have occurred at the
for its growth.
later period of growth when the combined nitrogen was exhausted.
The need of some combined nitrogen for nitrogen fixation has also been reported
by Nemeth (1959) for another organism capable of fixing nitrogen. The requirement
of small amount of combined nitrogen to stimulate the growth and nitrogen fixation
may reflect the natural ecological soil environment of these organisms where a small
quantity of combined nitrogen will always be present.
Similarly the hypothesis implies that in liquid medium the addition of a small
quantity of combined nitrogen will stimulate growth and nitrogen fixation. This was
confirmed by our experimental data. However, when the quantity of added combined
nitrogen was equal or more than twice the optimum amount, there was more than
Without the use of isotopic nitrogen it
proportionate inhibition of nitrogen fixation.
cannot be concluded with certainty that D. gummosa used the combined nitrogen
Both

growth and nitrogen

quantity of combined nitrogen

fixation

(1

p.p.m.).

preferentially to molecular nitrogen, but the evidence obtained points strongly to this
possibility.

Conclusion.

The inverse relationship between the number of massive type colonies formed on
a N-deficient agar medium and the total number of colonies growing on the medium,
and the independence of the former of the nature of the inoculum (whether from
massive or thin colony) lead to the conclusion that the formation of two colony types
Is not genetically controlled but is dependent on the availability of essential minimal
amount of combined nitrogen. According to this view, massive colonies in a N-deficient
medium result from the establishment of the N-fixing mechanism, in those cases
where the organism's minimal requirement for this purpose is satisfied, with a consequent ability to sustain considerable growth.
Acknoivledgem,ents.

We

J. M. Vincent, Department of Agriculture, University
most valuable criticism of the manuscript. Our most cordial thanks
Financial
are due to Miss R. Webb and Miss F. Ooyd for their technical assistance.
support from the Rask-0rsted Foundation (Denmark), Sydney University Research
Grant and Rural Credits Development Fund of the Reserve Bank of Australia to one

are indebted to Professor

of Sydney, for

of us

(Y.T.T.)

is

likewise gratefully acknowledged.
Refe7-ences.

—

Petersen, B. J., Dei, P. K., and Bhattaoharta, R., 1960. A new nitrogen
Derxia gummosa nov. gen. nov. spec. Arch, fur Mikroh.j 36: 182-195.
fixing bacterium.
Tlie
Mortenson^ L. E., 1962. Inorganic niti'Ogen assimilation and ammonia incorporation.
Bacteria III. Ed. by Gunsalus, I. C, and Stainer, R. Y., pp. 119-152.
Nemeth, Gy., 1959. A new nitrogen-fixing micro-organism producing a red pigment. Nature,
Jensen, H.

L..,

—

—

183 1460-1461.
RoT^ A. B., and Subir Sen. 1962. A new species of Derxia. Nature, 194 604-605.
Wilson, P. W., 1951. Biological nitrogen fixation. Bacterial physiology. Ed. by "Werliman,
C. H., and Wilson, P. W., pp. 467-496.
:

—

—

:

386

A NEW CYSTOID (PELMATOZOA, ECHINODERMATA) FROM THE SILURIAN
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Syti02)sis.

The paper describes a cystoid (Pelmatozoa, Echinodermata) as a new genus and new
species {Austrocystites branagani) from the Upper Silurian near Hatton's Corner, about two
This is the first record of a cystoid from eastern Australia.
miles west of Yass, N.S. Wales.

Intkoduotion.

During a geological excursion to the Yass District with other senior students from
the University of Sydney in 1949 Mr. (now Dr.) D. F. Branagan found a specimen of
a peculiar cystoid which until now has not been critically examined.
and fragmentary remains of echinoderms are
complete specimens are very rare and there are
remarkably few records of fossil Echinodermata, particularly from the Lower Palaeozoic.
Although

relatively

"crinoidal"

common

in

limestones

Australia,

Recently I have described a new species of Cheirocrinus (Rhombifera, Cystoidea)
from the Ordovician of Emanuel Creek, in the Kimberley Division of Western Australia
(Brown, 1963) the first cystoid to be described from Australia and given references
to other recorded occurrences of non-crinoid Pelmatozoa from Australian Palaeozoic
rocks, including forms described by Whitehouse (1941), Brown (19416) and Gill and

—

—

Caster (1960).

The Yass specimen to be described was collected from the top of the Dahnanites
Bed, west of Hatton's Corner, about a quarter of a mile south of the Yass River and
about two miles west of Yass. A map of the area and a description of the Silurian
sequence near Yass have already been published (Brown, 1941a). The Dalmanites Bed
is a calcareous sandstone, six to ten feet in thickness, whose outcrop forms low scarps
and shallow dip-slopes on account of differential erosion. It was called the Phacops
Bed by Jenkins (1878a, 18786, 1879) and the Middle Trilobite Bed by Mitchell (18861924.
See references in Brown, 1941c).
It immediately overlies shales containing
abundant graptolites, including Monograptus dohemicus, M. nilssoni and others
equivalent to the M. nilssoni zone (33) of Great Britain, and is overlain by rocks
containing M. sahoeyi of the M. scanicus zone (34) of Great Britain, thus fixing its
age as Lower Ludlow (Brown and Sherrard, 1951).

The most abundant

Dalmanites Bed are Dalmanites meridianus Eth.
Streptelasma australe (Foerste, 1888), but numerous other
trilobites, small brachiopods and other fossils also occur (see list of fossils. Brown,
1941a), including a fragment of an echinoderm collected by Mitchell from his Middle
Trilobite Bed in Bowning Village and described by him (Mitchell, 1897) as an
echinoid, PalaecMnus sp. (Aust. Museum Specimen, F.28030).

&

Mitchell,

1895,

fossils in the

and

Mitchell's specimen contains also fragments of Dalmanites sp. and Streptelasma sp.,
proving his identification of its stratigraphical horizon, but I doubt his determination
of PalaecMnus.
It is an external mould of portion of four rows of hexagonal plates
of an echinoderm, showing fine ornamentation of granules with some larger tubercles;
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the latter are not boss-like, as in echinoids for the attachment of spines. As Mitchell's
illustration of the specimen is a very inaccurate drawing, a photograph is now given
on Plate xxi, fig. D. This shows that the specimen could be portion of a cystoid, such
as Holocystites (Megacystites) cylindricus (Hall) from the Silurian of North America
(Shimer and Shrock, 1948, PI. 47, fig. 1). Its true identity must await the collection of
additional material.
I

me

to

wish to thank Mr. H. O. Fletcher of the Australian
examine Mitchell's specimen.

Museum

for kindly allowing

Classification.

The

classification

some

although

of

non-crinoid

may

clarification

Invertebrate Paleontology, Part S"

Pelmatozoa

be

expected

is

still

in

the

an unsatisfactory state,
forthcoming "Treatise on

in

(in press, 1963J.

work of Jaekel (1899), Bather (1900, 1929) and others has been
reconsidered more recently by Regnell (1945), Moore (1954) and Gill and Caster
The

earlier

—

perhaps including the specimen described
comfortably into any classification suggested so far.
As pointed out by Moore (1954, p. 130) some diploporite cystoids show resemblances
to other groups of echinoderms, either to edriasterolds or to blastoids, also some
rhombiferid cystoids show certain likeness to regular eocrinoids or to blastoids, and
yet others show affinities with camerate crinoids.
(1960),

but there are

herein from Yass

— that

still

certain forms

do not

The usually accepted

fit

classification

of

the Cystoidea

is

based on the characters

which represent the positions of the breathing
organs.
Cystoids are thus divided Into two Orders:
(1) Rhombifera, In which the breathing organs were in folds in the thecal wall,
crossing the sutures of the plates, and usually arranged In pore-rhombs or pectinirhombs,
and
(2) Dlploporita, in which the breathing organs were enclosed in U-shaped canals
within the plates and not crossing the sutures, when the surface openings appear as

of the openings in the plates of the theca,

dlplopores or "double pores".

—

—

The old Order Amphorida was discarded by Bather (1929) and is stated by
Moore (1954, p. 127) to be "a heterogeneous assemblage which no longer is recognized".
Unfortunately the pores are not always easily discernible, nor, when present, are
they always in pairs, some being single haplopores. Bather (1919, pp. 75-77, 111-115)
discusses in considerable detail the structure of the pores In Megacystis (Holocystites)
noting that (pp. 75, 76) "the pores are just the characters about which Miller and other
American authors give least information". He also points out (p. 112) that sometimes
the pores may be covered by a thin membrane or eplstereom, when they will not be
seen on a well-preserved surface.

The division

of the Diploporita into families is based essentially

of the ambulacral region

and the consequent modifications

of the

on the character

arrangement

of the

thecal plates.

Many

have a large number of irregularly arranged plates, but
which may be arranged in circlets above a base
or stem.
In these the basal circlet usually contains only four plates; in a very few
genera as many as eight plates may be present. Also the anal opening usually occurs
above or between the plates of the second circlet, but rarely it occurs above the third
circlet, as in Caryocrinites Say and possibly also in some species of Eucystis Angelln.
In attempting to place the new species from Yass it is found that the characters
on which classification is usually based are either not shown in the specimen or are
not such as are normally developed in other species.
In the general arrangement of the plates the Yass specimen shows resemblance
to species of Eucystis as described by Regnell (1945), and therefore Is tentatively
classed with Eucystis as a member of the Family Sphaeronltidae, in the Order

some

of

the

cystoids

consist of relatively few plates,

Diploporita.
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avai.es,

Systematic Description.

Phylum ECHINODERMATA.
Subphylum PELMATOZOA.

CYSTOIDEA von Buch, 1846.
DIPLOPORITA J. Miiller, 1954.
Family SPHAERONITIDAE Neumayr, 1889.
Class

Order

Genus Austrocystites, gen.
Type-Species

Diagnosis:

n.

Austrocystites branagani, gen. n. et sp.

:

Theca globular, composed

n.

of about 30 polygonal plates.

Plates of the

dorsal cup arranged in three circlets, the lower two each containing eight plates and
the third circlet about six. Probably five oral plates. The anal opening distinct from

mouth and occurring above the

the

may

third circlet.

Ambulacral system unknown.

Stem

be absent.

Known only from the
StratigrapMcal Range: Upper Silurian (Lower Ludlow).
Dalmanites Bed of the Yass sequence, N.S. Wales.
(Type
Remarks: This genus appears to be closest to Eucystis Angelin, 1878.
species: Eucystis raripunctata Angelin, 1878.)

Three Ordovician species and one Lower Devonian
are recorded by Jaekel (1899) and three

{Eucystis hercynica Jaekel)

new Ordovician and/or Lower

Silurian species

are described by Regnell (1945). Regnell redefined Eucystis as a genus of Sphaeronitidae
with a rounded or elongated theca, composed of a moderate number of plates, arranged

The pores are in pairs. There are four
which may extend into the circlet
below the adoral one: anus apart from the mouth. Theca attached directly with a fiat
basal surface or a short stem. The number of plates in each circlet shows an irregular
in three to five

more

or less irregular circlets.

or five branching ambulacra, the longest grooves of

variation from 4 to

7,

or in the case of E. angelini to 8 in the second circlet.

The new genus Austrocystites
of eight plates in each of the

differs

two lower

from Eucystis

circlets.

in

the regular arrangement

It differs also in geological age.

In the eightfold symmetry of the plates Austrocystites resembles one of the species

H. greenvillensis Foerste, 1917, from the Cedarville dolomite, Niagaran
(Upper Silurian) of U.S.A. This species is more elongated than that of Yass, and has
five circlets of eight plates, each of which is irregularly granulose.
It differs from the
Yass species in the structure of the adoral region.
of Holocystites,

Austrocystites branagani, gen.

n. et sp. n.

(Plate xxi; Text-figs

1,

2).

Holotype: Dept. of Geology and Geophysics, University of Sydney, Palaeontological
Collection, Specimen No. 2301.
Coll. D. F. Branagan, 1949.

Type Locality: A low ridge on the Middle Trilobite or Dalmanites Bed, about a
quarter of a mile south of the Yass River, half a mile west of Hatton's Corner or two
miles west of Yass, N.S. Wales.
StratigrapMcal Position: Top of the Dalmanites Bed, Hume Series, Upper Silurian.
Equivalent to Zone 33-34 of Lower Ludlow in Great Britain.
Diagnosis: As for the genus.
Description of the Holotype: The specimen is mainly an internal mould of the
theca, on which are preserved portions of four of the original plates of crystalline

Rock matrix covers the peristome and some of the adoral surface in such a
damage the specimen. An isolated cystoid

calcite.

way

that further removal of matrix might

plate

and a fragment

of

a trilobite occur in the matrix above the upper surface of

the cystoid.

Photographs
and Text-figure

of three
1

shows

views of the theca are shown on Plate xxi. Figures A, B, C,
of the plates to correspond with these photo-

identification

graphs.
is globular, but has been somewhat distorted during preservation.
The
about 25 mm., the larger diameter about 24 mm. and that at right angles is
the thickness of the individual plates is approximately 0-6 mm.
No stem

The theca
height
23

is

mm.:
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The plates
6 mm. long and 1 mm. wide.
diagrammatic analysis of the plates is showa
For
in Text-figure 2, where the individual plates are drawn approximately to scale.
purposes of identification the plates are numbered in the manner used by Forbes
(1848, pp. 487-488), Bather (1900) and others, with the difference that, since there
are more than four plates in the basal circlet, the plates of the basal circlet are;
is

preserved;

the base

is

a

area about

flat

A

are arranged in well-defined circlets.

Austrocystites 'branaoani Brown, gen. n., sp. n.
shown in the photographs, Plate xxi, figs A, B and C^
to show the identifications of the plates corresponding with Text-fig. 2.
A. Right lateral (near
anterior), B. Posterior, and C. Left lateral views.
Text-flg.

Sketch of holotype

numbered

1

only four

(numbered

to

8,

1.

in the position

those of the second circlet
19 to 22)

9

to 16,

while the third

circlet, of

which

are exposed, probably contained six or seven plates^

occurs as a tube 3-6 mm. in diameter above the third
above the suture of plates 21 and 22.
Plates numbered 23 and 24
are two of probably five surrounding the peristome, and there is an indication that a
small "anal" plate may occur between the periproct and the peristome, which is hiddeoL
under matrix.

The mould

of the periproct

circlet, vertically

9
1-8

@

^

ij

§ v\J/^

Text-fig. 2.
Austrocystites branagani Brown, gen. n.. sp. n.
Diagrammatic analysis to show the structure and arrangement of the plates.
(BB), first circlet; 9-16 (LL), second circlet; 17-22 (RR), third circlet: 23-24-?

oral plates

;

Pp, periproct

;

PlatCiS^

(OO).,.

Ps, peristome.

The plates of the basal circlet, 1-8, are arranged in the same manner as that
shown by Protocrinites oviformis Eichwald and figured by Zittel (1900, fig. 300Z>), wliei-e
the plate (here numbered 3) is smaller (4 mm. wide by 7 mm. high) than the others
The remaining plates are all about 9 mm. high and
and does not reach the base.
vary in greatest width from

5

mm.

to 8

mm.
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9

Plates of the second circlet are all hexagonal, about 11
or 10 mm. wide towards the top.

mm.

and up to

in height

mm.

third

Plates of the

and about

mm.

9

circlet

are either pentagonal or hexagonal, equidimensional

in diameter.

show well-preserved granulation of the surface,
The larger tubercles may contain pores, but I cannot distinguish
Although portions of
places there seem to be single pores present.

All plates of the intei-nal mould

as shown on Plate
diplopores;

in

xxi.

calcareous

several

plates

are

present the type

preservation

of

and weathering has

masked the characters of the pores.
The ambulacra and possible brachioles are not revealed in the specimen.
Remarks: It is unfortunate that several of the characters on which classification
of cystoids is based are not shown in this specimen. The general shape of the theca,
the number of plates and the probable plan of the adoral surface (see Regnell, 1945,
suggest relationship with Eucystis Angelin, from which it differs,
however, in the number of circlets, the number of plates in each circlet, the position
of the periproct and possibly also the nature of the pores. Furthermore Eucystis is
essentially an Ordovician genus.
p. 179, Fig. 22, 41))

The resemblance to one or more species of the Silurian cystoid Holocystites
(Synn. Megacystis, Megacystites, Trematocystis) (see Bassler and Moodey, 1943) is
based partly on the unusual feature of the plates being arranged in circlets of eight.
Holocystites {Megacystis)

1920)

and

number

by Bather

also

of plates Foerste

has been the subject of intense study by Foerste (1917,
Although many of the species contain a great

(1919).

(1917, p. 233)

considers that in some species, at least,

it

is

primary and secondary horizontal rows of plates (circlets),
the primary rows always consisting of eight plates and the secondary ones of about
16 plates. In the species H. greenvillensis Foerste only the primary rows are developed,
but it differs from Austrocystites tranagani in its elongated shape and the presence of
possible

distinguish

to

five circlets,

Another
p.

each of eight plates (Foerste, 1917, PL

flgs

3A, 3B, 3C).

by Bather (1919,

1891), shows an adoral surface containing five oral
one anal plate above a circlet of six plates, with four ambulacra within the

262, PI. vi,

plates

ix,

species, Megacystis ornatissimus S. A. Miller, as figured

and

25, after Miller,

fig.

Austrocystites

adoral circlet.

may

However, Bather proved the presence

be similar.

of diplopores in Holocystites.
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:

1-28.

XXI.

Figs A-C. Austrocystites branagani Brown, gen. n. et sp. n.
University of Sydney, Palaeontological Coll. Spec. No. 2301.
Holotype.
Upper Silurian.
Loc. half a mile west of Hatton's Corner, Yass Riv., two miles west of Yass, N.S.W.
A.
Right lateral (near anterior), B. Posterior, and C. Left lateral views, x 3 (approx.). Photo.
I.A.B.

Fig. D.
Australian Museum Specimen No. F. 28030, showing plates of an Echinoderm,
described by Mitchell, 1897 (Proc. Linn. Soc. N.S.W. 22 (2)
258-259), as Palaechinus sp.
TJpper Silurian. Middle Trilobite Bed, Bowning Village, west of Yass, N.S.W. x 3-7 (approx.>.
Photo. I.A.B.
,
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REPRODUCTIVE STRUCTURES IN AUSTRALIAN UPPER PERMIAN
GLOSSOPTERIDAE.
By Maky

E.

White.

(Plates xxii-xxiv.

[Read 27th November, 1963.]

Synopsis.

Three new

of Glossopteris fructifications are described
Lidgettonia australis, sp.
Tiov.,
the fertile phase of Glossopteris angustifolia Brongn.
Cistella bowenensis, sp. nov.,
attached to Glossopteris communis Feist.
and Cistella ampla, sp. nov., tlie reproductive
.structure of Glossoptet'is ampla Dana.
.species

:

;

;

Progressive modification of foliage leaves to form male and female scale fronds
from the Bowen Basin in Queensland. Male scale
fronds consist of a shallow, pointed scale attached to an elongated, gangamopteroid
lamina.
Female scale fronds consist of larger cordate scales attached to short,
relatively broad laminal segments with two-lobed bases.
Cupules consisting of a
whorl of seeds surrounded by linear bracts are borne singly and sessile at the .junction
of the scale and lamina in the female scale fronds.
Sporangia are scattered on the

is seen in Glossopteris angustifolia

lamina in male scale fronds.
Cistella howenensis, sp.

nov.,

occurs attached to a leaf of Glossopteris Goinv/imiis

from Upper Bowen Series at Baralaba in Queensland.
Many detached examples of
fructifications are pi'esent and one example of a "Dictyoi)teridiiim sporiferum" which
may represent the male half of the fructification.
Large cone-like structures are associated with Glossopteris ampla in Upper Bowen
sediments from Duaringa In Queensland. Mature fructifications show the development
'Of seeds from the sacs.
Lidgettonia austbalis,

sp. nov.

(The fertile phase of Glossopteris angustifolia Brongn.)
Plant fossils were collected in the Bowen Basin, Queensland, by field parties of
the Bureau of Mineral Resources in 1960. At a locality in the Mt. Coolon area near
Kemmis Creek homestead an assemblage of Upper Permian plants was found in Upper
Bowen siltstone. Plants identified were Glossopteris indica Sch., Glossopteris 'browniana
Brongn., Glossopteris conspicua Feist., Glossopteris angustifolia Brongn., Glossopteris
leaves and modified leaves now referred to Lidgettonia australis, sp. nov.,
Sphenopteris polymorpha Feist., and PhyllotJieca australis Brongn. (See White, 1962.)
Specimens are housed in the Museum of the Bureau of Mineral Resources in
Canberra.
Illustrated specimens form part of the Commonwealth Palaeontological
Collection (C.P.C).

scale

Description of specimens from which Lidgettonia australis,

Large

numbers

sp.

nov., is described.

and leaf fragments
remarkable specimen, C.P.C. 4363 (PI.
xxii, fig. 1), in which a small, shallow scale is attached to a gangamopteroid lamina,
prompted a minute examination of all scales and fragments in the collection. It was
observed that scale leaves were of three types: shallow, pointed, as seen attached in
Plate xxii, figure 1; elongated, pointed, not attached in any instance; and broad,
cordate examples as seen in Plate xxii, figure 2 (C.P.C. 4360), often deeply concave
of

Glossopteris

characterize the specimens.

scale

The discovery

Peoceedings op the Linnean Society of

leaves,

small

leaves

of a

New South

Wales,
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Some of the cordate scales were observed in attachment to a laminal
segment whicli was relatively short and broad with a two-lobed base. An example is
illustrated in Plate xxii, figure 3 (C.P.C. 4365), in which the unit of scale and lamina
has a "molar with double root" form.

in impression.

A

specimen, C.P.C. 4369, in which cordate scales, deeply concave, bear fructifications
and lamina, is illustrated (PI. xxii, fig. 4). Arrows
indicate the point of attachment of fructifications.
At the base of scale 1 a cupule
with linear bracts is attached. Scale 2 has a bilobed laminal segment and indications
of a cupule and bracts.
Scale 3 shows the attachment point for a cupule only.

at the point of junction of scale

The
a ring

fructification appears to consist of a

of linear bracts.

number

Close examination of

whorl of three seeds (?) surrounded by
all

other cordate scales in the collection

which a point of attachment of a fructification was visible, and
two additional examples in which a fructification was preserved.
The extremely
delicate nature of the structures and the concavity of the impressions makes it
difficult to observe such details as have been preserved, and photography of the organs
The fructifications, or cupules, borne at the junction of scale
is by no means easy.
and lamina are believed to represent the female reproductive organs of the plant.
The term "scale frond" has been used in a new sense to describe the composite
organs of scale and lamina. Those with a shallow scale and gangamopteroid, elongated
lamina are believed to be the male scale fronds; cordate scales on broad, shorter
revealed a

in

laminae are female scale fronds.
While no other example of a complete male scale frond is present, there are many
fragments of similar laminae, some of which have round or oval sporangia clearly
visible on their surface.
These fertile fragments might be referred to as "DictyopThey suggest that the actively male scale fronds
teridium sporiferum" fragments.
bore sporangia on their laminae. Figure 5 (PI. xxii), of specimen C.P.C. 4364, shows both
surfaces of a small fragment of lamina with small, circular sporangia.

There are several examples of detached cupules in the material. Preservation is
poor and no details are visible, but the weight of evidence suggests that seeds were
borne in a whorl of three on a central axis surrounded by sterile, linear bracts.
In
"Whether each cupule contained more than one whorl of seeds is not evident.
Figure 6 (PI. xxiii), of C.P.C. 4371, part of a cupule is seen with two of the three
seeds on the central axis. Their form is similar to that of seeds in the cupule on the
left upper scale in Figure 4 (PI. xxii).

When all the small leaves in the collection were examined, it was seen that a
graded series was present from the greatly modified male scale frond to the normal
small leaves of Glossopteris angustifolia. Figures 7-10 (PI. xxiii) illustrate this series. In
Figure 7, C.P.C. 4359, a mature leaf of the species is seen with two female type scales.
In Figure 8, C.P.C. 4367, a small leaf of the species is seen with a female scale which
has shreds of lamina attached. The leaf in Figure 9, C.P.C. 4366, appears to be partially
gangamopteroid.
In Figure 10, C.P.C. 4375, are two pairs of leaves which are
gangamopteroid in venation and similar to the lamina of a male scale frond.
One
It is thus intermediate between the larger
of the smaller pair has an indurated tip.
gangamopteroid leaves associated with it and the male scale frond. In the collection
there are two other examples of small gangamopteroid leaves which have tips of
different texture from the rest of the lamina.
Because a graded series exists between the male scale frond and normal small
it seems legitimate to refer all the forms involved
to the species and to assume that they and the female scale fronds represent the
leaves of Glossopteris angustifolia
fertile phase.

In accordance with current practice in the Glossopteridae a separate generic name
used for the fertile phase. The reproductive mechanism of a cupule on a modified
fertile leaf is closer to the condition prevailing in Lidgettonia (Hamshaw Thomas,
1958) than in any of the reproductive types described by Plumstead (1952, 1956, 1958).
While the cupule is solitary and sessile as opposed to the numerous stalked cupules
is
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borne on the edges of the fertile leaf in Liclgettonia africana, the use of the generic
is preferred at this stage.
The species australis is erected to contain
all the modified leaves and scale fronds with and without reproductive structures
forming the series described above.

name Lidgettonia

In a preliminary note to Nature

(White, 1962)

it

was suggested that the

pro-

gressive modification of foliage leaves in Glossopteris angustifolia represents a stage

Angiosperm flower. If the most modified leaves, the female
were arranged in a whorl, at the end of a short shoot, with actively male
scale fronds, male type fronds without sporangia, leaves with indurated tips (partially
differentiated scale fronds), gangamopteroid leaves and normal small leaves behind
them in that order, a "flower" would be present. It is not intended to imply that
the tendency towards Angiospermy seen here is a missing link in the direct line to the
Angiosperms. It is obvious that the Angiosperms root in the Glossopteridalean seedferns and that from reproductive types developed in the group the "protocycadopsids"
arose polyphyletically.
These gave rise to the Cycadopsids including Bennettitales
which led polyphyletically to the Angiosperms.
Interpretation of the nature of the cupules and a full understanding of the
in the evolution of the

scale fronds,

mechanisms involved

when

petrifactions

in reproduction in Glossopteris angustifolia will only be possible

of

cupules

and

material

of

sporangia

suitable

for

microscopic

examination are found.
Cridland (1963), in his account of an Antarctic flora collected by the expedition
Ohio State University in 1960-61, describes and illustrates leaves intermediate
between Glossopteris foliage leaves and scale leaves, and also a scale leaf with a
concave tip and laminal segment, associated with Glossopteris angustifolia. This is an
interesting, independent corroboration of the evidence seen in Lidgettonia australis.
of the

It

is

probable that

much

additional information on reproduction of the type seen

The very small
reproductive structures and their unusual locations make them easily overlooked, and
systematic re-examination of specimens in the light of this new knowledge may result
in Glossopteris angustifolia will be forthcoming in the near future.

in the detection of

more

fertile

examples among scale leaves.

CiSTELLA BOWENENSIS,

Sp.

UOV.

(Attached to Glossopteris communis Feist.)

A
seam

was made from shales immediately above the Dunstan
Dawson Valley Mine, Baralaba, Queensland, by an officer of the Queensland
Survey.
The plant horizon is in Upper Bowen Coal Measures of Upper

collection of plant fossils

in the

Geological

Permian

age.

Large numbers of leaves of Glossopteris are present. The species represented are
G. indica Sch., G. hrowniana Brong., G. damudica Feist, and G. communis Feist.
Associated plants are Sphenopteris lobifolia Morr. and Phyllotheca australis Brong.
Specimens are housed in the

fossil collection of the

Queensland Geological Survey,

Brisbane.

Description of fertile material.

communis type has an

attached
borne on the
midrib approximately 2 cm. from the base of the leaf. It is of Cistella type (Plumstead,
1958) and is similar to "Dictyopteridium" from the Raniganj Series in India figured
by Feistmantel (1886, PL 15a, fig. 3). It is lanceolate, approximately 3 cm. long and
In

specimen

fructification

F. 3185,

a

leaf

(PI. xxiv, fig. 11).

of

Glossopteris

It will

be seen that the fructification

is

The sacs are oval,
cm. wide at its broadest part, tapering to a rounded apex.
approximately 1 mm. long and 0-6 mm. wide. There is no wing and no indication of
the male half of the fructification.
0-8

Dr. Plumstead kindly examined photographs of the specimen and concurred with
the determination of the fructification as Cistella. As regards the species of Glossopteris
to which it is attached, she expressed the view that it might be an immature example

—
BY MARY

WHITE.

However, a study

Glossopteris stricta Bunb.

of

suggests that the leaf

E.

closest to Glossopteris

is

395

of

all

communis

the leaves

in

the collection

Feist.

way from an unattached example from the same
by Rigby (1962) as Dictyopteridium sporiferum
Whether it differs significantly from the attached fructification he describes as
Feist.
Plumsteadia microsacca, genus et. sp. nov., it is impossible to determine. Rigby regarded
the attached example in his collection as different from the unattached, to which the
present specimen is compared. It is not proposed to discuss the formation of the new
genus PluTnsteadia here as there is no evidence in this instance that the specimen
under discussion differs significantly from Cistella.
As very little is known of the
precise nature of Cistella and other fructifications described by Plumstead, as they
are known from impressions, it seems premature to form new genera for specimens
which show additional features.
The

locality

fructification differs in no

described

It is

and

illustrated

proposed to name the attached fructification in Figure 11

Cistella bowenensis. sp. nov., the fructification of Glossopteris

An example of a
Walkom (1922, PL 9,

(PI.

xxiv)

communis

—F.3185

Feist.

sporiferum" similar to that illustrated by
from the Dawson River, Queensland, is illustrated in
Figure 12 (PI. xxiv), F. 3084. It appears to have a narrow, down-turned wing with a
ragged margin.
Circular bodies, presumably sporangia, are scattered irregularly all
Faint gangamopteroid venation is visible
over the surface, except on the wing.
between the sporangia.
This organ may represent the male half of a fructification. In size and shape it
is

"Dictyopteridium
48)

fig.

similar to Cistella 'boioenensis.

were unisexual, and that

it

is

It is quite possible that plants, or at least leaves,
a fertile male scale frond exactly comparable with that

Rigby (1962) illustrates as "Cyclodendron leslii" a
specimen which is undoubtedly part of a fertile organ of this sort and in no way
comparable to a Lycopod stem.
in Lidgettonia australis. sp. nov.

Cistella ampla, sp. nov.
(The reproductive structure of Glossopteris ampla Dana.)

A

was made in the Duaringa region of Queensland by
party of the Bureau of Mineral Resources in 1962. At a locality on the Duaringa
4-mile sheet Pt. 873 a beautifully preserved Upper Bowen Flora was found.
Large
numbers of leaves of Glossopteris ampla Dana are associated with a few leaves of
Glossopteris conspicua Feist, and Glossopteris indica Sch.
Cone-like structures, some
complete and others fragmentary, are present.
a

collection of plant fossils

field

—

—

Specimens are in the

fossil

collection

of

the

Bureau

of

Mineral Resources in

Canberra.
Description of Fertile Material.

A

referred to Cistella ampla, sp. nov., is illustrated in Figure 13
(specimen F. 22285). It is 3-5 cm. long and 3 cm. wide. Its stalk is 0-6 cm.
wide and 0-8 cm. long. The surface of the cone is irregularly pitted with pear-shaped
depressions averaging 0-5 cm. long and 0-4 cm. wide. Each appears to contain a seed
similar to Nummulospermum hoioenensis Walk. There are fifty such depressions on the
(PI.

fructification

xxiv)

surface.

Figure 14 (PI. xxiv) illustrates another fructification (specimen F. 22286) similar
and shape to Figure 13.
A smooth, leaf-like layer covers the sacs whose
presence below is indicated by irregularities in the surface.
In the area marked by
an arrow, the cover has been removed to expose the sacs. The structure was obviously
in

size

fleshy

and bulky.

Figure 15 (PL xxiv) illustrates a larger example which is much elongated and
pear-shaped in outline.
Note that part of the cone body is covered by the smooth
integument, and that seeds are present in exposed sacs at several different stages of
development. There are also several seeds free in the rock matrix (specimen F. 22287).

—

.
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The association

of the fructifications

with great numbers of leaves of Glossoxiteris

ampla, and the presence of small areas of leaf tissue at the base of the stalks of the
fructifications with venation the same as that occurring near the base of leaves of
the species, suggests that they are referable to the species.
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EXPLANATION OF PLATES XXII-XXIV.
Plate xxii.

Lidgettonia australis, n.sp.
Fig. 1. Male scale frond (x4).
Fig. 2. Female scales
Fig. 4. Female scale fronds bearing cupules (x6).
(.X 2).
scale frond lamina (x4).

Plate

(x2).
Fig.

5.

Fig. 3. Female scale frond
Fertile fragment of male

xxiii.

Lidgettonia australis,

n. sp.

Seeds from cupule (x3).
Pig. 7. Mature leaf of Glossopteris angustifolia with
Fig. 8. Small leaf of Glossopteris angustifolia with female scale
two female scales (x2).
Fig. 9. Gangamopteroid small leaf (x2).
Fig. 10. Two pairs gangamopteroid leaves,
(x2).
indurated tips on smaller pair (x2).
Fig.

6.

Plate xxiv.
Cistella howenensis, sp. nov.

Fig. 11. Cistella howenensis
2iteridium, sporiferuni Feist. ( x 2 )

attached to

Glossopteris

communis (x2).

Fig.

12.

Dictyo-

Cistella ampla, sp. nov.
Fig. 13. Large, stalked fructification.
Sacs containing seeds (x2). Fig. 14. Fructification.
Fig. 15. Fructification;
Sacs covered over most of surface, exposed at arrow (natural size).
partly covered by integument. Seeds in sacs at different stages of development (natural size).
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ABSTRACT OF PROCEEDINGS
ORDINARY MONTHLY MEETING.
27th MARCH, 1963.

Mr. G. P. Whitley, President, in the chair.

The minutes of the last Monthly Meeting (28th November, 1962) were taken as
read and signed.
The Chairman offered congratulations to Dr. Germaine A. Joplin on the award by
the Royal Society of New South Wales of the Clarke Medal for her distinguished work
in Geophysics

and Petrology.

The Chairman announced that library accessions amounting to 43 volumes, 591
parts or numbers, 14 bulletins, 31 reports and 17 pamphlets, total 696, had been received
since the last meeting.

PAPERS READ.

(By

1.

2.

an opportunity for discussion to be given at the April
Ordinary Monthly Meeting.)
Chromosome Numbers and Cytoevolution in the Goodeniaceae. By W. J. Peacock.
The Adhesion and Coalescence of Sponge Cells after Dissociation. By J. R.
title

only,

Simons.
3. Embryological Studies in the Compositae.
3. Sporogenesis, Gametogenesis, and
Early Embryogeny in Minuria denticulata (DC) Benth. (Astereae).
By Gwenda L.

Davis.
4.
Observations on Distribution, Behaviour and Development in the Australian
Toad Genus PseMophryne Fitzinger. By C. M. Jacobson.

ORDINARY MONTHLY MEETING.
24th April, 1963.

Mr. G. P. Whitley, President, in the chair.
Lecturette.

—An

illustrated

antarctic Auckland Islands"

lecturette

entitled

was delivered by Dr.

"A Recent Expedition
J.

C.

to

the

Sub-

Yaldwyn, Australian Museum.

Sydney.

The following were elected Ordinary Members of the Society: Mr. J. H. Ardley,
Sydney University: Mr. L. P. Jones, Penshurst, N.S.W.; and Miss Elsie M.
Webster, Cammeray, N.S.W.
The Chairman announced that the Council had elected the following office-bearers
B.Sc. (N.Z.),

for the 1963-64 session: Vice-Presidents: Dr. S. Smith-White, Dr. T. G. Vallance,
Professor J. M. Vincent and Professor B. J. F. Ralph; Honorary Treasurer: Dr. A. B.
Walkom; Honorary Secretaries: Drs. A. B. Walkom and W. R. Browne.
The Chairman announced that library accessions amounting to 21 volumes, 210
parts or numbers, 11 bulletins, 3 reports and 15 pamphlets, total 260, had been received
since the last meeting; and that two books had recently been presented to the Library,
"Proving Ground" by the University of Washington Press and "Australian Spiders
and Ticks" by the author, Mrs. B. Hadlington.

The Chairman drew the attention of members to a circular from the National Parks
Association regarding the preservation inviolate of the Primitive Area in the Kosciusko
State Park.
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PAPERS READ.
1.

G.

Ecological Notes on the Western Desert Area of the Northern Territory.

M. Chippendale.
2. On the Density and Distribution of Newly-established
(Psyllidae)

albitextura

at

The Regeneration

3.

Hannon and

Two

0. D.

of

Nymphs

of Gardiaspina

High Abundance. By L. R. Clark.
Plant Cover on a Denuded Sandstone Area.

Times

By

of

By Nola J

Evans.

of the papers taken as read at the

March Monthly Meeting were outlined by

the respective authors and discussed.

ORDINARY MONTHLY MEETING.
29th May, 1963.

Mr. G. P. Whitley, President, in the chair.

The Chairman

Moore on obtaining the degree
Mr. N. H. Luig on obtaining the degree of
Doctor of Philosophy in the University of Sydney.
The Chairman announced that library accessions amounting to 15 volumes, 128
parts or numbers, 2 bulletins, 5 reports and 3 pamphlets, total 153, had been received
since the last meeting.
offered congratulations to Mr. R. M.

of Doctor of Science in Agriculture

and

to

PAPERS READ.
1.

II. Attachment Structures and their InterHamilton and B. A. Barlow.
Variable Tetrad Pollen in Astroloma from Southern Australia.
By S. Smith-

studies in Australian Loranthaceae.

relationships.
2.

By Susan

G.

White.
3.

By

Australian Liverworts.

II.

The Sporophyte

of

Haplomitrium intermedium Berrie.

G. K. Berrie.
4.

S. J.

Size at Metamorphosis of the Frog,

Hyla aureus raniformis (Keferstein).

By

Copland.

NOTES AND EXHIBITS.
Dart exhibited transparencies showing the effect of temperature on growth
of Poona Cowpeas (Vigna sinensis L.) in the CERES Phytotron. The slides illustrated
a marked reduction of growth, nodulation and nitrogen fixation at the extremes of
the temperature range (21° C. and 36° C).
Dr. I. V. Newman exhibited a few dried and defoliated samples of seedlings from'
the prostrate plant of Acacia spectabilis mentioned at earlier meetings.
There were'
41 seedlings from open pollination, which were reported on at the meeting of 18th April,
1962, when it was thought that some then erect seedlings might yet assume the prostrate
form. For the 41 seedlings the record is: then, 24 lying at 45° or less to the horizontal,
now 30 at 30° or less and 6 between 30° and 45° to the horizontal (total 36 at 45° or
less); then 10 standing clearly inclined, but above 45° to the horizontal, now none such;:
then 7 "erect", now only 5. The final count is therefore 36 "prostrate", 5 "erect". The
prostrate seedlings now show clear identity of habit with that of the mutant parent.
The details of the habit, which is now stabilized, confirm the general propositions
tentatively advanced a year ago.
Dr. D. F. McMichael exhibited several specimens of the Tree-Snail, Papustyla
pulcherrima (Rensch), a member of the subfamily Papuininae of the family Camaenidae,
from Manus Island, Admiralty Group. The Papuinas are a dominant group of New
Guinea (and nearby islands) land snails having adopted an arboreal existence; in
common with other arboreal molluscs, they exhibit an extraordinary range of pattern
and colour when compared with ground-dwelling forms. The present species is one of
only two or three species of land snails throughout the world which possess green
shells, and as such is undoubtedly one of the most beautiful of land molluscs.
The
Mr. P.

J.
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colour lies entirely within the periostracum, the outer proteinaceous layer, which
usually lost after death and exposure to the elements, leaving a white calcareous shell.

On

behalf

collected at

Indiana

of

Camp

Miss

Pope,

the

Chairman exhibited three sea urchins

Cove, Sydney Harbour, N.S.W., belonging to the species Pseucloboletia

(Michelin).

John Hughes)

Elizabeth

is

They were taken by skin divers (Messrs. Donald Wilson and
and the aboral surface of each urchin was almost

in the sub-tidal zone,

completely covered by a coat of shell debris, glass fragments, etc., held in place by the
adhesive tube-feet. When the shell debris was removed from a living urchin, kept in
a bucket of seawater, the tube-feet were seen to have bright orange coloured discs
which were notably larger in diameter on the oral surface than on the aboral surface.
The upper surface of the urchin bore a "forest" of waving pedicellariae among which
two different globiferous types could be recognized the larger ones with their three
swollen segments tipped with very sharp, curved spines, being somewhat sparsely
scattered among those of the more normal type. In view of the density and structure
of the pedicellariae and the apparent close affinity of Pseudoboletia with the poisonous

—

genus Toxopneustes (known to have caused death) care should be exercised in handling
live specimens until it is established whether it too carries a dangerous venom in its
pedicellariae. No record of the occurrence of this species in eastern Australian waters
has appeared in literature, although evidence in the collection of the Australian
Museum, Sydney, shows that a juvenile had been taken in Sydney Harbour as early as
1909. A specimen of the recently collected Pseudoboletia indiana was submitted to Dr.
H. B. Fell of New Zealand who confirms the identification.
Mr. G. P. Whitley exhibited a rare book, "Ichthyologia", by Peter Artedi, published
in Leiden in 1738. It was upon the work of his friend Artedi that Linne based a great
deal of the fish portion of his Systema Naturae, 1758, so we may agree with Gill (1872,
Smithson. Misc. Coll. 247: 28) that "Artedi may be justly regarded as the father of
modern ichthyology, having introduced a precise terminology, full and pertinent
diagnoses, and throughout uninomial generic names".
The life of Peter Artedi (1705-1735) has been the subject of several biographers:
Linne himself provided a vita authoris to the present volume, which he edited. More
modern accounts are those of Daniel Merriman (1938, Copeia 1938 (1): 33-39, figs 1-2,
and 1941, Copeia 1941 (2): 65-69, plates 1-2).
The title-page carries the
The provenance of this volume may be of interest.
autographs of successive owners from the Scandinavian naturalists. Per Dubb (born
Charles Davies Sherborn
1750, died 1834) and Erik Acharius (1757-1819) onwards.
(1861-1942), author of the monumental Index Animalium, obtained it from Kochler
of Leipzig in 1890 and adorned it with his bookplate, superbly engraved by his father,
In 1928, C. D. Sherborn gave the book
the famous etcher, Charles William Sherborn.
to his biographer and colleague, J. R. Norman (1898-1944), the ichthyologist at the
British Museum (Natural History), who passed it on to his successor, Miss Ethelwynn
Trewavas, who gave it to Mr. Whitley.
Mrs. K. M. Sherrard brought up the matter of the Kosciusko Primitive Area and
a number of other members spoke on the same subject.
Dr. W. R. Browne recalled the description by Hodge-Smith and Iredale in 1924 of
shallow water shells at 70-75 fm., off the New South Wales coast, which had been
variously interpreted, and inquired if marine zoologists had since made other similar
finds.

ORDINARY MONTHLY MEETING.
26th June, 1963.

Mr. G. P. Whitley, President, in the chair.

The Chairman referred, with regret, to the deaths of Dr. G. A. M. Heydon, on
27th April, 1963, and of Professor R. L. Crocker on 20th June, 1963. Dr. Heydcn had
"been a member of the Society since 1930, and Professor Crocker since 1955, having
Ijeen a member of Council from June, 1956, to August, 1962.
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The Chairman offered congratulations to Dr. H. G. Raggatt, C.B.E., on the knighthood conferred on him by Her Majesty tlie Queen; to Miss Isobel Bennett on her
appointment as one of the teaching staff of a "floating classroom" on a three months'
voyage across the Pacific Ocean on the American oceanographic schooner "Te Vega";
and to Prof. P. V. Mercer on the award of a National Science Foundation of America
Fellowship.

The Chairman announced
last

amounting to 7 volumes, 54 parts
69, had been received since the

that library accessions

or numbers, 2 bulletins, 4 reports

and

2

pamphlets, total

meeting.

PAPEES KEAD.
R. and

and their Collections.

By

R. C. Carolin.

J.

2.

Permian Microspores and Tracheids from the Narrabri-Curlewis Area, New South

Wales.
3.

By

J.

J.

G. A. Forster

1.

Rade.

Further Notes on Glaciation in the Kosciusko Region.

By W.

R.

Browne and

T. G. Vallance.

LECTURETTE.

A

lecturette entitled

"The Earliest Vertebrates" was delivered by Mr. R. Strahan,

Biology Department, University of

New

South Wales.

ORDINARY MONTHLY MEETING.
31st July, 1963.

Mr. G. P. Whitley, President, in the chair.

A

was delivered by Mr.

lecturette entitled "Bio-electricity in Plants"

G. P. Findlay,

Plant Physiology Unit, C.S.I.R.O.

Miss Helen J. Hewson, B.Sc. (Hons.), and Miss Janice L. Jacobs, B.Sc, School of
Biological Sciences, Botany Building, Sydney University, were elected Ordinary Members
of the Society.

The Chairman referred to the death of Professor L. A. Cotton, on 12th July, 1963.
Professor Cotton had been a member of the Society since 1908 and was a Linnean Macleay
Fellow from 1909 to 1911.
The Chairman announced that the Council had

elected Dr. A. K.

O'Gower a member

of Council in place of Dr. A. R. Woodhill, resigned.

The Chairman

offered congratulations to Mr.

W.

J.

Peacock on obtaining the degree

of Ph.D. of the University of Sydney.

The Chairman announced that library accessions amounting to 32 volumes, 251 parts
or numbers, 5 bulletins, 12 reports and 12 pamphlets, total 312, had been received since
the last meeting.

PAPERS READ.
studies in Australian Loranthaceae.
B. A. Barlow.
1.

By

2.

Studies in Australian Loranthaceae.
By B. A. Barlow.

III.

IV.

A

Revision of the Genus Lysiana Tiegh.

Chromosome Numbers and

their Rela-

tionships.
3.

By

G.

A New

Quadraceps (Mallophaga, Ischnocera) parasitizing Sheathbills (Ghionis).
(Communicated ty Dr. I. M. Mackerras.)

Timmermann.

4. Vegetational Pattern in East Coast Forests.
by Professor R. L. Crocker.)

5. Glaciation in the Snowy Mountains:
m,unicated by Professor R. L. Crocker.)

A

By

R. G. Florence.

Re-appraisal.

By

R.

(Communicated

W. Galloway.

(Com-
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ORDINARY MONTHLY MEETING.
28th August, 1963.
Dr.

I.

V.

Newman

The Chairman

in the chair.

offered congratulations to Dr.

S.

Smith-White on his appointment

to the recently established Chair of Biology in the field of Genetics in the University

of Sydney.

The Chairman reminded members of the Society's Conversazione to be held in the
Botany Laboratories, Carslaw Building, University of Sydney, on Saturday, September 28,
from 2 to 5.30 p.m. There will be displays of research into various branches of Natural
Science at present being conducted by members of the Society, and afternoon tea will
be served.

Members outside

the metropolitan area

Hon. Secretaries at the Society's

to the

may

obtain invitations on application

office.

The Chairman announced that library accessions amounting
or numbers, 4 bulletins, 3 reports and
the last meeting.

6

to 14 volumes, 233 parts
pamphlets, total 260, had been received since

PAPERS READ.
1.

New

Records and Species

of

Austro-Malayan Laelapid Mites.

By

R.

Domrow.

Observations on some Australian Forest Insects.
15.
Some Mortality Factors
of Phoracantha semi-punctata (F.) (Coleoptera: Cerambycidae). By K. M. Moore.
2.

3.

A New

Australia.
4.

The

Species of Gekkonid Lizard,

By

A. G. Kluge.
of

Classification

Resistant Varieties.

By

I.

A.

Genus Diplodactylus Gray, from Eastern
(Communicated hy Mr. H. G. Cogger.)
Puccinia

jN-qtes

Dr. N. H.
microscope.

graminis

var.

tritici

in

relation

to

breeding

Watson and N. H. Luig.
and exhibits.

Luig exhibited and demonstrated the use

of

a

portable

biological

Mr. H. G. Cogger exhibited (1) a living specimen of one of the rarer agamid lizards
(Gonyocephalus spinipes). This genus is of Indo-Malayan origin, and in Australia is
found only in the rain forest areas of the east coast; (2) a living specimen of a
relatively rare limbless skink (Lygosoma ophioscincus) found along the east coast of
New South Wales. It is a burrowing species, and virtually nothing is known of its
biology.

Dr. I. V. Newman exhibited microscope slides of the apex of Macrozamia communis,
showing various histological polarities. The great breadth of the stem is attained by
two not common features of meristematic activity in the apical region. The first is
the incidence of transverse orientation of nuclear division with cell plate parallel with
the stem axis at the base of the usual rib meristem. The second is a primary augmentive
meristem of cambium type producing an initial elevation of the margin of the apex,
which marginal elevation becomes converted into lateral extent as the apex itself grows
onward. The cambially produced rows curve upward in the upper, i.e. younger, part
In
of the stem but gradually come to extend horizontally as that part becomes older.
the young linearly seriated tissues, the procambia arise with a polarity oblique to the
direction of the cell rows. These differences in polarity and the changing configuration
of the cell rows pose problems in the physiology of morphogenesis.
Dr.

W.

R.

Browne contributed a

note, illustrated

geological age of the tor landscape between

The occurrence

by colour transparencies, on the

Cooma and

Berridale, usually regarded as

of areas of sub-basaltic quartzite

("grey billy") lapping
against the bases of the tors would indicate that the latter were already in existence
before the basalt was extruded in Oligocene time. It is possible that similar landscapes
elsewhere in the State (e.g. in New England) are of the same age.

Pleistocene.
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ORDINARY MONTHLY MEETING.
25th September, 1963.

Mr. G. P. Whitley, President, in the chair.

The following were elected Ordinary Members of the Society: Barry Philip Moore,
B.Sc, Ph.D., D.Phil., Division of Entomology, C.S.I.R.O., Canberra, A.C.T., and Mrs.
Lesly J. Jefferies, Hurstville, N.S.W.
The Chairman referred to the death, on 3rd September, 1963, of Mr. E. H. Zeck,
who had been a member of the Society since 1936.
The Chairman announced that the Council is prepared to receive applications for
Linnean Macleay Fellowships tenable for one year from 1st January, 1964, from qualified
candidates.
Each applicant must be a member of this Society and be a graduate in
The range of actual
Science or Agricultural Science of the University of Sydney.
(tax-free) salary is, according to qualifications, up to a maximum of £1,600 per annum.
Applications should be lodged with the Honorary Secretary, who will give further
details and information, not later than Wednesday, 6th November, 1963.
The Chairman announced that library accessions amounting to 16 volumes, 95 parts
or numbers, 4 bulletins, 6 reports and 11 pamphlets, total 132, had been received since
the last meeting.
PAPERS READ, by

(An opportunity

title only.

for discussion to be given at the October

Ordinary Monthly Meeting.)

Australian Fossil Crinoids. I. Introduction and Terminology for the Anal Plates
of Crinoids. By G. M. Philip.
2. The Breeding Biology of the Baw Baw Frog, Philoria frosti Spencer.
By M. J.
Littlejohn.
{Communicated by Mr. S. J. Copland.)
3. Developmental Variation within the Genus Pseudophryne Fitzinger.
By C. M.
1.

Jacobson.
4. Rates of Development in Eggs from Three Populations of Didymuria violescens
(Leach) (Phasmatodea). By E. Shipp.
5. A New Species of Brittle-star (Echinodermata, Ophiuroidea) from Northern New
South Wales. By R. Endean.
6. A New Genus for the Australian Lucerne Leaf Roller (Lepidoptera: Tortricidae).

By

I.

F. B.

Common.
SYMPOSIUM.

A symposium

on the Myall Lakes, by members of the University of Sydney Biological

was held.
The proposed Faunal Reserve, by Mr. A. Strom; (ii) The Quaternary
History, by Dr. A. R. H. Martin; (iii) The Soils and (iv) The Vegetation, by fourth
Society and others,

Speakers:

(i)

year students of the School of Biological Sciences, University of Sydney.

ORDINARY MONTHLY MEETING.
30th October, 1963.
Dr.

I.

V.

Newman

in the chair.

The following were elected Ordinary Members of the Society: Miss Gwenneth J.
Hindmarsh, B.Sc. (Hons.), Botany Department, University of New England, Armidale,
N.S.W.; Edward Stanley Robinson, M.Sc. (N.Z.), Ph.D. (Nebraska), Department of
Zoology, School of Biological Sciences, University of N.S.W., Kensington, N.S.W.

;

Donald

James Tuma, B.Sc, Chatswood, N.S.W.; and Mrs. Mary Elizabeth White, Hunter's

Hill.

N.S.W.

The Chairman offered congratulations to Dr. Y. T. Tchan on his appointment by
the Senate of the University of Sydney to a Readership in Agricultural Microbiology.
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Dr. Tchan's full title is now Reader in Agricultural Microbiology and Linnean Macleay
Lecturer in Microbiology.
The Chairman announced that the Council is prepared to receive applications for
Linnean Macleay Fellowships tenable for one year from 1st January, 1964, from qualified
Each applicant must be a member of this Society and be a graduate in
candidates.
Science or Agricultural Science of the University of Sydney.
The range of actual
(tax-free) salary is, according to qualifications, up to a maximum of £1,600 per annum.
Applications should be lodged with the Honorary Secretary, who will give further
details and information, not later than Wednesday, 6th November, 1963.
The Chairman announced that Mbrary accessions amounting to 11 volumes, 142
parts or numbers, 11 bulletins, 1 report and 3 pamphlets, total 168, had been received
since the last meeting.
The Chairman gave a brief report on the Conversazione held on 28th September,
and expressed appreciation of the work of those responsible for its organization.

PAPEES READ.
1.

Chromosome Numbers and Phylogeny

in the Hymenophyllaceae.

By Jean Vessey

and B. A. Barlow.
in

2. Occurrence of Bot-fly Larvae, Tracheomyia macropi Froggatt (Diptera, Oestridae)
Wild Red Kangaroos, Megaleia rufa (Desmarest). By R. Mykytowycz. (Communi-

cated hy Mr. A. L. Dyce.)
3. Notes on the Genus Stigmodera (Buprestidae) and Description of New Species.
By C. M. Deuquet.
By R. C. Carolin.
4. Notes on the G«nus Erodium L'Her. in Australia.
5.

An

Australian Species of Microphorella

(Diptera:

Empididae), with Notes on

the Phylogenetic Significance of the Genus. By D. H. CoUess.
Of papers taken as read at the September Ordinary Monthly Meeting, Mr. S. J.
Copland discussed that by Dr. M. J. Littlejohn and Miss Constance M. Jacobson discussed

her paper.
LECTURETTE.
Dr. D. F. McMichael gave an account, illustrated by colour transparencies, of the
recent (1962) Australian Museum Expedition to Swain Reefs off the Queensland coast.

ORDINARY MONTHLY MEETING
27th November, 1963.

Mr. G. P. Whitley, President, in the Chair.
Mr. P. M. Martin, M.Sc.Agr., Dip.Ed., Department of Botany, Sydney University,
elected an Ordinary Member of the Society.
The Chairman announced that the Council had reappointed Mr. P. J. Dart,
B.Sc.Agr., to a Linnean Macleay Fellowship in Plant Physiology as from 1st January,

was

1964.

The Chairman

offered congratulations to Professor F. V. Mercer on his appointment
Chair of Biology in the field of Cell Physiology of the University of Sydney.
The Chairman announced that library accessions amounting to 9 volumes, 94 parts
or numbers, 10 bulletins, 2 reports and 9 pamphlets, total 124, had been received since
the last meeting.
to the

PAPERS READ.
on some Australian Forest Insects. 16. Lepidoptera attacking
Pinus spp. in New South Wales. By K. M. Moore.
2. The Classification of Animals.
By I. M. Mackerras.
By A. E. H. Redder.
3. Two New Genera of Devonian Tetracorals from Australia.
(Communicated by Dr. G-. M. Philip.)
1.

Observations
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4. A First Report of Chromosome Number in the Genus Lychnothainnus
(Rupr.)
Leonh. and Comparisons with other Charophyte Genera. By A. T. Hotchkiss.

Reproductive

5.

Mary
6.

in

Structures

in

Australian

Upper

Permian

By

Glossopteridae.

E. White.

and Distribution of Root Knot Nematodes (Meloidohyne spp.)
South Wales with Special Reference to the Richmond-Tweed Region.
By

Identification

New

C. D. Blake.
7.

Key

Genera

to the

of the

Larger Green and Brown Marine Algae around Sydney.

By Margaret M. Mackay.
8.

Studies of Nitrogen-fixing Bacteria.

VIII.

Influence of N-content of the Media

on the N-fixation Capacity and the Colony Variation of Derxia gummosa Jensen
(1960). By Y. T. Tchan and H. L. Jensen.
9.

Wales.

A New
By

Cystoid (Pelmatozoa, Echinodermata) from the Silurian of
Ida A. Brown (Mrs. W. R. Browne).

New

et

al.

South

NOTES AND EXHIBITS.
Mr. A. Mahmood, visitor (introduced by Dr. I. V. Newman), exhibited a microscope
slide of immature xylem tissue of Pinus radiata supported by lantern slides and an
explanatory diagram showing the sequence of primary walls in the tissue development
from mother cells formed at the division of the sequence of initial cells. The immature
xylem cells of Pinus occur predominantly in "groups of four" derived by division of
the mother cells.
A theoretical possibility regarding the number of primary walls
associated with the groups and their component cells related to the succession of
initial divisions has been worked out on the assumption that a new primary wall is
laid down round each daughter protoplast at any cell division.
This was diagrammatically shown on the chart.
The scheme was supported with practical data from
the microscope slide, which showed a group of four surrounded by the parental wall,
a wall round each pair of the group and a wall round each individual cell.
These
walls are all primary walls. Thus the "primary" condition wall is a multiple structure

composed

of

many
up

of cells extends

layers, as

shown

The middle lamella between the pairs
(primary) wall of the group. Further work is

in the slide.

to the mother-cell

being done to test the theoretical possibility by practical investigation. The multiplicity
of the primary wall demonstrated was made visible by applying a modified maceration
technique to the hand sections.

Mr. Ellis Troughton exhibited a series of colour transparencies, taken by a
officer

of

the

State

slaughter of the

Fauna Protection

Red Kangaroo

in the

Panel,

showing the deplorable

Western Division,

effect

of

field

the

in the interests of the trade

in kangaroo flesh.
Since inception of this trade in 1959/60, annual open seasons
granted for the protection of pastoral interests have had to be suspended in favour
of local licences.
So drastic has been the reduction in the Red Kangaroo population,
as shown by the mounds of kangaroo remains, that in many instances the hunters are
freezing the hindquarters of a weight of as little as 9 lbs.

The President (Mr. G. P. Whitley) submitted a Note on James Stuart (1802-1842):
The exquisite paintings of animals made by surgeon James Stuart, and bequeathed
S. Macleay to the Linnean Society of New South Wales, are now on loan to the
Mitchell Library, Sydney.
The life and work of Stuart were epitomized by Musgrave
and others in the Australian Zoologist, 12 (2): 120-131, PI. 7-18, 1955. If only Stuart's

by W.

notebooks or manuscripts could be discovered a great deal of invaluable zoological
information would come to light.

Miss Vera Irwin Smith, a former Linnean Macleay Fellow, when on a visit to
Eire in 1960, kindly undertook to carry on the search which had been pursued by our
late friend Anthony Musgrave. Miss Irwin Smith made contact with Dr. Hazel Hornsby,
the librarian at Trinity College, Dublin. It was thought that James Stuart may have
studied surgery there but a search through the records of that institution showed no
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Possibly, following the practice of the period,* Stuart may have been
trace of him.
apprenticed to a surgeon and may not have taken a degree; Irish students of those
Yet the Universities
days frequently went to Edinburgh for their medical degrees.
Miss Irwin Smith,
of Glasgow and Edinburgh have no record of Stuart as a graduate.
Dr. Hornsby and Miss ffolliott, a professional researcher at Trinity College Library,
between them, searched through Navy Lists, Biographies, Burke, various wills, death

parish registers and other sources, the mere list of which covers three
Masters of old schools and colleges in Eire and persons possibly
descended from the Stuart family were interviewed, yet very little information emerged,
and no Stuart manuscripts. Miss Irwin Smith informed me "W. S. Macleay was right
when he described Dr. James Stuart as a surgeon in the army. It is on record that he
joined the army 5th July 1833 and was attached to the 70th (Surrey) Regiment of
Foot as Assistant Surgeon on 30th August, 1833. His name remained on the Army List
from 1834 to 1839 but ceased to appear from 1841 onwards".
certificates,

foolscap

pages.

Stuart, of Russell Place, Limerick, who died
Miss ffolliott furnished a family tree of the Stuarts, who
"were evidently gentlefolk, to judge by their marriages, and Thomas Stuart evidently
a man of property, to judge by a Prerogative Will". The explorer Ludwig Leichhardt
briefly mentioned Dr. Stuart of the Military Hospital, Sydney, in a letter dated March,
1842, to which my attention was called by Mr. Marcel Aurousseau.

James Stuart's father was Thomas

there on 27th June, 1827.

* D. W. Macnamarra, "Student Life during the Nineteenth Century", Journal of the Irish
Also T. Gillman Moorhead, "A Sketch of the History of
Medical Association^ 1960: 67-75.
Medicine in Ireland", Dublin Journal of Medical Science, December, 1908: 18-23.
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LIST OF MEMBERS.
{15th December, 1963.)

Ordinary Members.

(An asterisk
1940
1940
1959
1922
1963
1927
1952
1912
1952
1962
1961
1949
1962

1959
1950
1960

Professor Andrew Arthur,

(*) denotes Life

Member.)

c.o. University of Adelaide,
Abbie,
Adelaide, South Australia.
*Allman, Stuart Leo, B.Sc.Agr., M.Sc, Entomological Branch, N.S.W. Department of
Agriculture, Private Mail Bag No. 10, Rydalmere, N.S.W.
Anderson, Donald Thomas, B.Sc, Ph.D., School of Biological Sciences, Department of
Zoology, Sydney University.
Anderson, Robert Henry, B.Sc.Agr., Royal Botanic Gardens, Sydney.
Ardley, John Henry, B.Sc. (N.Z. ), School of Public Health and Tropical Medicine,
Sydney University.
*Armstrong, Jack "Walter Trench, "Cullingera", Nyngan, N.S.W.
Ashton, David Hungerford, B.Sc, Ph.D., 92 Warrigal Road. Surrey Hills, E.IO, Victoria.
Aurousseau, Marcel, B.Sc, 229 Woodland Street, Balgowlah, N.S.W.

M.D., B.S.,

B.Sc, Ph.D.,

Baehni, Professor Charles, Dr.sc, Conservatoire botanique. University de Gen6ve, 192,
rue de Lausanne, Geneve, Switzerland.
Bailey, Peter Thomas, B.Sc, C.S.I. R.O., Division of Wildlife Research, P.O. Box 109,
City, Canberra, A.C.T.
Bain, Miss Joan Maud, M.Sc, 18 Onyx Road, Artarmon, N.S.W.
Baker, Eldred Percy, B.Sc.Agr., Ph.D., Faculty of Agriculture, Sydney University.
Ballantyne, Miss Barbara Jean, B.Sc.Agr., N.S.W. Department of Agriculture, Private
Mail Bag No. 10, Rydalmere, N.S.W.
Bamber, Richard Kenneth, F.S.T.C, 113 Lucinda Avenue South, W^ahroonga, N.S.W.
*Barber, Professor Horace Newton, M.S., Ph.D., F.A.A., School of Biological Sciences,
Department of Botany, University of N.S.W., P.O. Box 1, Kensington, N.S.W.
Barber, Ian Alexander, B.Sc.Agr., School of Biological Sciences, Department of Zoology,

Sydney University.
1955
1960
1954
1935

1946
1940
1961
1952

1960
1948
1961

1958
1941
1929

Barlow, Bryan Alwyn, B.Sc, Ph.D., Department of Botany, University of Queensland,
St. Lucia, Brisbane, Queensland.
Batley, Alan Francis, A.C.A., 123 Burns Road, Wahroonga, N.S.W.
Baur, George Norton, B.Sc, B.ScFor., Dip.For., 3 Mary Street, Beecroft, N.S.W.
'Beadle, Professor Noel Charles William, D.Sc, University of New England, Armidale, 5N,
N.S.W.
Bearup, Arthur Joseph, B.Sc, 66 Pacific Avenue, Penshurst, N.S.W.
Beattie, Joan Marion, D.Sc. (nee Crockford), 2 Grace Avenue, Beecroft, N.S.W.
Bedford, Miss Lynette, B.Sc, School of Biological Sciences, Department of Zoology,

Sydney University.
Bennett, Miss Isobel Ida, Hon. M.Sc, School of Biological Sciences, Department of
Zoology, Sydney University.
Berrie, Geoffrey Kenneth, B.Sc, Ph.D., 202 Headland Road, Dee Why. N.S.W.
Besly, Miss Mary Ann Catherine, B.A., School of Biological Sciences, Department of
Zoology, Sydney University.
Bishop, James Arthur, School of Biological Sciences, Department of Zoology, Sydney
University.
Blake, Clifford Douglas, B.Sc.Agr., Ph.D., Faculty of Agriculture, Sydney University.
Blake, Stanley Thatcher, D.Sc. (Q'ld.), Botanic Gardens, Brisbane, Queensland.
Boardman, William, M.Sc, Department of Zoology, University of Melbourne, Parkville,
N.2, Victoria.

1960
194 6

1960
1955
1924
1949
1911
1952
1949
1931

1959

1962

Bourke, Terrence Victor, B.Sc.Agr., c.o. Post Office, Graman 5N, N.S.W.
Brett, Robert Gordon Lindsay, B.Sc, 7 Petty Street, West Hobart, Tasmania.
Brewer, lima Mary, D.Sc, 7 Thornton Street, Darling Point, Sydney.
Briggs, Miss Barbara Gillian, Ph.D., 13 Findlay Avenue, Roseville, N.S.W.
Browne, Ida Alison, D.Sc. {n4e Brown), 363 Edgecliff Road, Edgecliff, N.S.W.
Browne, Lindsay Blakeston Barton, Ph.D., C.S.l.R.O. Division of Entomology, P.O. Box
109, City, Canberra, A.C.T.
Browne, William Rowan, D.Sc, 363 Edgecliff Road, Edgecliff, N.S.W.
Bunt, John Stuart, B.Sc.Agr., Ph.D., School of Agriculture, Sydney University.
Burden, John Henry, 1 Havilah Street, Chatswood, N.S.W.
*Burges, Professor Norman Alan, M.Sc, Ph.D., Professor of Botany. University of Liveipool, Liverpool, England.
Burgess, The Rev. Colin E. B. H., Parks and Gardens Section, Department of the
Interior, Canberra, A.C.T.
Burgess, Ian Peter, B.ScFor., Dip.For., The Forestry Office, Taree, N.S.W.
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1949
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1936

1956
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Cady, Leo Isaac, '•Milford", Saddleback Road. Kiama. N.S.W.
Campbell, Keith George, D.F.C., B.Sc.For., Dip.For., M.Sc, 17 Third Avenue, Epping,
N.S.W.
Campbell, Thomas Graham, Division of Entomology, C.S.I.R.O., P.O. Box 109, City,
Canberra, a.C.T.
*Carey. Professor Samuel Warren, D.Sc, Geology Department, University of Tasmania,.
Hobart, Tasmania.
Carne, Phillip Broughton, B.Agr.Sci. (Melb. ), Ph.D. (London), D.LC, C.S.I.R.O., Division
of Entomology, P.O. Box 109, City, Canberra, A.C.T.
Carolin, Roger Charles, B.Sc, A.R.C.S., Ph.D., School of Biological Sciences, Department
of Botany, Sydney University.
Casimir, Max, B.Sc.Agr., Flat 2. 36 Benelong Road, Cremorne, N.S.W.
*Chadwick,
Clarence
Earl,
B.Sc,
Entomological
Branch,
N.S.W.
Department of
Agriculture, Private Mail Bag No. 10, Rydalmere, N.S.W.
Chambers, Thomas Carrick, M.Sc. (N.Z. ), Ph.D., Botany School, University of Melbourne,
Parkville, N.2, Victoria.

1959

Chippendale,

George

McCartney,

Lindsay

B.Sc,

Avenue,

Alice

Springs,

Northern

Territory, Australia.
1947 Christian, Stanley Hinton, Malaria Research Unit and School, Kundiawa, Eastern Highlands, Territory of Papua and New Guinea.
1932 *Churchward, John Gordon, B.Sc.Agr., Ph.D., "Shady Trees", Clarktown Avenue, Mount
Eliza, Victoria.
Clark, Laurance Ross, M.Sc, c.o. C.S.I.R.O.. Division of Enlomolngy, P.O. Box 109, City.
194G

1962
1961
1947
1901
1957

1956
194

6

1956

1942
1947

Canberra, A.C.T.
Clarke, Miss Carina Jane, B.Sc, 18 Rosedale Road, Gordon, N.S.W.
Clarke, Miss Lesley Dorothy, 4 Gordon Crescent, Eastwood, N.S.W.
Clarke, Mrs. Muriel Catherine, M.Sc (nee Morris), 122 Swan Street, Morpeth, N.S.W.
Cleland, Professor John Burton, M.D., Ch.M., C.B.E., 1 Dashwood Road, Beaumont,
Adelaide, South Australia.
Clinton,
Keimeth John, School of Public Health and Tropical ^ledicine, Sj'dney
University.
Cogger. Harold George, M.Sc, Australian Museum, College Street, Sydney.
Colless. Donald Henry, Ph.D. (Univ. of Malaya), c.o. Division of Entomology, C.S.I.R.O.,
P.O. Box 109, City, Canberra, A.C.T.
Common, Ian Francis Bell, M.A., M.ScAgr., C.S.I.R.O., Division of Entomology,
P.O. Box 109, City, Canberra, A.C.T.
Copland, Stephen John, M.Sc, 15 Chilton Parade, AVarrawee, N.S.W.
Costin, Alex Baillie, B.Sc.Agr., C.S.I.R.O., Division of Plant Industry, P.O. Box 109,
City, Canberra, A.C.T.

1950
1957

Crawford, Lindsay Dinham, B.Sc, 4 Dalton Avenue, West Hobart, Tasmania.
Crook, Keith Alan Waterhouse, M.Sc, Ph.D. (New England), Department of Geology,
Australian National University, G.P.O. Box 197, Canberra, A.C.T.

1960

Dart, Peter John, B.Sc.Agr., School of Biolo.gical Sciences, Department of Botany, Sydney
University.
Davies, Stephen John James Frank, B.A. (Cantab.), Emmanuel College, Cambridge,

1957

England.
1945

1937
1953

Gwenda Louise, Ph.D., B.Sc, Faculty of Science, University of New
England, Armidale, 5N, N.S.W.
Deuquet, Camille, B.Com., 56 Avenue Eug. Ysaye, Brussels 7, Belgium.
Dobrotworsky, Nikolai V., M.Sc, Ph.D., Department of Zoology, University of Melbourne,
Davis, Professor

1960

Parkville. N.2, Victoria.
B.A., B.Sc, Queensland Institute of Medical Research, Herston Road„
Herston, N.9, Brisbane, Queensland.
Dorman, Herbert Clifford, J. P., A.S.T.C. (Dip.Chem.), Dip.Soc Stud. (Sydney), Rodgers

1954

Douglas,

1954

Domrow, Robert,

Street,

Teralba 2N, N.S.W.
William, B.Agr.Sci.,

Geoffrey

Clarendon

226

Street,

East

Melbourne,

C.2,.

Victoria.

Drummond,

1946

David Charles, School of Biological Sciences, Department of Zoology.
Sydney University.
Durie, Peter Harold, M.Sc, C.S.I.R.O., Veterinary Parasitology Laboratory, Yeerongpilly,

1952

Brisbane, Queensland.
Dyce, Alan Lindsay, B.Sc.Agr., 48 Queen's Road, Asquith, N.S.W.

10 62

1953

1947
1930
1957

Edwards, Dare William, B.Sc.Agr., Forestry Commission of N.S.W., Division of Wood
Technology, 96 Harrington Street, Sydney.
Endean, Robert, M.Sc, Ph.D., Department of Zoology, University of Queensland. St.
Lucia, Brisbane. Queensland.
English, Miss Kathleen Mary Isabel, B.Sc.

Evans. Miss Gretchen Pamela. M.Sc, Box

2

Shirley Road. Roseville. N.S.W.
P.O., Canberra, A.C.T.

92,
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1955 Fairey, Kenneth David, Box 1176, G.P.O., Sydney.
Pilewood, Lionel Winston Charles, 62 Dickson Avenue, West Ryde, N.S.W.
1957
1930 Fraser, Miss Lilian Ross, D.Sc, "Hopetoun", 25 Bellamy Street, Pennant Hills, N.S.W.
1959 Gardner, Mervyn John, B.Sc.For., Dip. For., Forestry Office, Batemen's Bay, N.S.W.
1935 *Garretty, Michael Duhan, D.Sc, Box 763, Melbourne, Victoria.
(Adel.), Department of Botany,
1958 Green, John William, B.Sc.
Australian National
University, Box 197, P.O., Canberra City, A.C.T.
1944
Greenwood, William Frederick Neville, 11 Wentworth Avenue, Waitara, N.S.W.
1946 *Grifflths, Mrs. Mabel, B.Sc. (nee Crust), 50 Amourin Street, Brookvale, N.S.W.
1936 Griffiths, Mervyn Edward, D.Sc, Wildlife Survey Section, C.S.I.R.O., P.O. Box 109,
City, Canberra, A.C.T.
1939 *Gunther, Carl Ernest Mitchelmore, M.B., B.S., D.T.M., D.T.M. & H. (England). 29
Flaumont Avenue, Lane Cove, N.S.W.
.

Hadlington, Phillip Walter, B.ScAgr., 15 Annie Street, Hurstville, X.S.W.
1959
1952 Hannon, Miss Nola Jean, B.Sc, Ph.D., 22 Leeder Avenue, Penshurst, N.S.W.
1952 *Hansford, Clifford Gerald, M.A., Sc.D. (Cantab.), D.Sc. (Adel.), F.L.S., P.O. Box '^6,
Uvongo Beach, Natal, South Africa.
1917 Hardy, George Huddleston Hurlstone, 68 Cliff Avenue, Northbridge, N.S.W.
1960 Hartigan, Desmond John, B.ScAgr., 75 Northwood Road, Northwood, Lane Cove, N.S.W.
1958 Hennelly, John Patten Forde, B.Sc, Highs Road, West Pennant Hills, N.S.W.
1951 Hewitt, Bernard Robert, B.A. (Qld.), B.Sc. (Syd.), M.Sc (N.S.W.), A.R.A.C.I., Joint
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morphosis of the Frog, Hyla
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.
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the
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positae
Endean, R., a New Species of Brittlestar from Northern New South
295
Wales

Erodiutn I'Her. in Australia, Notes
313
on the Genus
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the other Charophyte Genera
368
Hyla aureus ranifoi-mis (Keferstein),
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