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Art. I.—On the Groivth and Habits of Bipofsk^^ jp ?A'

By C. M. MAPLESTONE.

(With Plate I., Figs. 1 and 2).

[Kead 10th March, 1910.]

In the collection of Polyzoa, dredged by H.M.C.S. "Miner"

from a depth of 80 fathoms, about 22 miles outside Sydney

Heads, which was submitted to me by Professor Haswell for

examination and report, the most interesting were some coni-

cal forms of BijMjrae, of which three were new species, and a

scrutiny of them shewed that they, in common with previously

known species, differed considerably from other polyzoa in many

points, especially in the arrangement of the individual zooecia

composing a zoarium, their method of gro^vth and the attitude

of the zoaria when living.

Mv observations, however, point to very different conclusions

from those expressed in a paper by Mr. Whitelegge in the Pr.L.S.

N. S. Wales, 1887, page 387, et seq. ; 'in which he established

the genus Blpora, and included in it the following species :

—
Lunulites philippinensis, Busk; L. ninreUata, Busk; L. angu-

lopora, Ten. Woods; L. iiicisa, Hincks ;
Cupuhirid rrassa, Ten.

Woods; ConeschareJJina depresnd, Haswell: '". roiiira. Has-

well ; Eschara uitihoiiafa. Haswell : and F/i/hr/Iij/iora clegans,

D'Orbigny ; they being, he says, " a most distinct group having

little in common with those with which they have been asso-

ciated except habit and form." This last statement I must

question, because as to their " habit " it will be seen from what

follows that it is far from being known or understood, and as

to their " form," the forms not only of the zoaria but also of

the zooecia are so very different that I do not think they can

possibly be assigned to any one genus, and the inclusion of

them under the name of Bipura only adds to the perplexity

that already exists in respect to them ; I am not at present

in a position to discuss this portion of the subject with certi-

tude, but on a future occasion I may be able to offer a more
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sutisfiu-toiy L'liissiHc;itii)n of the species abovenuuied, and the

new ones described in \\\\ re])oit upon the " Miner " jjolyzoa.l

After reniarkinti' lliat the structural features jn-esented by

the various species of this yroup are of such an exceptional

character that it will be necessary to remove them altogether

from the family Se]e)iarii(](ie, in which most of them have been

placed, and that they appear to possess characters which are

either unknown or rarely found in other species of Polyzoa, Mr.

Whitelegge states that the " method of growth (not habit or

form) or increase in size of the zoarium by the addition of new

zooecia is intercalary, taking place on the surface between the

cells already formed and not at the outer margin, as in most

other polyzoa."

This view, I think, is incorrect. Intercalary zooecia could

not cause any inrreafie in size of the zoarium. There is a cer-

tain organic connection between all |iarts of a zoarium, Init it

is not such as would c^iuse the zoarium to swell in size if new

zooecia were intercalated among the others. From my examina-

tion of the various sj^ecies I find increase in size is made on the

margin of the flat, or nearly flat, species ; consequently, as in

all other disk-like forms, the zoaria grow from the centre to

the circumference.

Tire conical Biporae grow from the apex to the l)ase ; I do

not say downwards because I believe that, when living, the i)ase

is uppermost. A proof of the correctness of this opinion is

shown in those zoaria which have the coral Dunoci/athus ])ar(i-

siticns growing on, or out of, their bases ; for it is impossible

that they could rest upon them, because the delicate tentacles of

the coral would be crushed, and the coral could not live under

such circumstances. Among the Jh'jxjrac dredged by H.M.C.S.

"Miner" were a few with this coral growing on them, and

through the kindness of Professor Spencer I have received some

Hpecimens of Bipovdc, dredged some 104 fathoms off the coast

of South Australia l)y Dr. Verco. of Adelaide, in which the corah

is imbedded in the zoaria, and also some sections of the same.

The sections show the base of the coral to be sometimes far

down in the zoaria, and that the zooecia formed subsequent to

the commencement of the growth of the coral have grown up

1 Records of the Australian .Museuni, S.vdiiey, \<)1. vii., Xo. 4, li)(l!), p. 2(>7, et seq.
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round the outside of it. Fi<;. 1 is a sketch made under the

cainei-a lucida of a section ; it, however, is somewhat imperfect

owintr to the veiy brittle nature of the coral, but it will be

seen that the coral started to grow upon the Biporu at a very

early stage of the hitter's existence. I have indicated the junc-

tion of the coral and the Bipord by a thick line. A charac-

teristic pointing to the same conclusion is that in these conical

forms the zooecia are, in almost every instance, in perfectly

regular rows from the apex to the base, they very gradually in-'

crease in size from the apex to the base, and the zoaria i^reserve

their shape throughout their growth—i.e., both the young and

the old zoaria have the same angle at the apex.

As stated above, I consider the conical forms in their living

state have the base uppermost. This would seem to be in-

credible, but in a postscript to his paper Mr. Whitelegge men-

tions he had had the good fortune to have had a living speci-'

men of Bipora jilnlijjpinensis (a nearly flat form living in Port

Jackson) under observation for three days ; and that from it

there extended fine filaments, half an inch long, attached in

some cases to tubes of Annelids and fragments of shell. He

Bays the filaments appeared to grow out of an avicularium.

This affords a clue to the manner in which the conical forms

manage to live with their bases upwards. All of them have on

the apex small avicularia and pores, and I consider that from

these pores filaments similar to those recorded on Bipora

philij)pinensin grow, and probably attach themselves to frag-

ments of shells, etc., on the surface of the ocean l)cd. and so

anchor themselves. Professor Harmer, in his Presidential ad-

dress to section 1). of the British Association for the Advance-

ment of Science at Dublin, in 1!)(»S, stated he had some evidence

that Selenariidae (in which the Biporae were originally placed)

juay be attached to ooze by means of veiy delicate, flexible

rooting l»r(jcesses, and he has suggested to me that probably

these conical forms are attached by a ligament to some foreign

substancein the same way as Parmularia ohliqua, McG., is, and

that they hang downwards in the watci-. This is jiossibly the

case, but the ligaments may be strong enough to iiermit the

zoaria being sustained in an upright position, or in any position

between the vertical and horizontal.
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Mr. Whitelegge further states that most of the published

figures of the zooecia are upside down. This is accounted for

by the extraordinary circumstance that the zooecia are really

upside down ; indeed, he admits as much Avhen he says " the

direction of the zooecia is also apparently reversed," and he

eays that the free distal edge of the operculum is directed to-

Avards the apex of a conical form. The free edge of the oper-

culum is directed towards the apex, but it is not the distal edge.

The fact is that the operculum is hinged at the distal edge, and

not at the proxinuvl one ; so that in these conical forms not

only are the zooecia upside down, but the operculum is also

uj)side down and in the specimens, in which the operculum is

not preserved (both fossil and recent) the sinus is. always in the

distal margin of thyrostome and not the proximal one, as in

other polyzoa of the family tSchizojJnrellidae (in which Dr.

MacGillivray placed the Biporae). To make clear what I mean

by saying the zooecia are upside down, take the case of the

other cheilostomes ; the zooecia are formed one beyond, or

above another, and the later formed ones rest upon, or are

joined to the earlier formed ones with the proximal end resting

upon or joined to the distal end of the preceding zooecium, and

the thyrostome is situated in the distal portion of the zooecium

with the operculum hinged at the proximal nuirgin opening

downwards. Now in the conical Biporae the zooecia folloAv

one another in a somewhat similar manner, but the zooecia

are in a reversed position : that is, what is the proximal, or

lower wall in the ordinary cheilostomes, is in them the distal or

uppermost, the thyrostome is in the proximal portion of the

zooecium, and the operculum is hinged at the distal margin

of the thyrostome opening upwards. The cause of this peculiar

reversal of the ordinary arrangement is unknown, but Professor

Harmer points out to me that it would seem to show " that

the polypide bud while in a young condition might get twisted

round 180 degrees in the zooecium." This probably is the

case, but, before twisting round, the polypide bud must have

in its growth extended itself to the end of the zooecium furthest

from the older zooecia before turning round and developing

into a mature form. Absolute proof of this cannot be deter-

mined until some spirit preserved specimens of living forms be
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obtained, and that is a niatter of some difficulty, because these

conical forms are only found at depths of from 80 to 250

fathoms, and are so small that when dredged up that they

might not be discovered in time to properly preserve them.

Another structure in these Jii/xirae which has puzzled me,

and also Professor Harmer, is the " semi-lunar slit " which Mr.

Whitelegge considers to be the commencement of a new zooe-

cium. He gives a very circumstantial account of it and its

development into zooecia, but I have not been able to discover

any instances of such development in any of the specimens I

have examined. This " slit " he reports as being seen in all

stages of its development in Bipora jjhilipjnnensis, but in a

slide which he sent me some years ago containing some 40

specimens of that species I could only find it on two small

highly calcified fragments ; though subsequently on a slide, lent

me by the Curator of the Australian Museum since I examined

the " Miner " polyzoa, there were several specimens of this

species, in most of which the semi-lunar slit was present in what

I take to be the perfect or complete state. (See Fig. 2.) I

could not find in any of them an imperfect or younger form.

These slits surround a nearly circular flap, the base of which is

connected with the surface of the zoarium by a raised nodular

process, and I consider it is improbable that such as are present

in the specimens c(5uld eventually be continued, so as to com-

plete the circle, through this thickened process, and cause the

flap to fall off, and even if they did, the opening would not cor-

respond in either size or shape with the ordinary peristomial

orifice ; and if, as Mr. Whitelegge states, there were underneath

this external orifice an oral opening, it would indicate the for-

mation of a zooecium considerably below the surface of the

zoarium, in no way contributing to its " growth in size." Now

if the theory that the .semi-lunar slit is always the com-

mencement of new zooecium be correct, it should be found

in all the various species of Biporae. Mr. Whitelegge records

it in B. anyulojjora and in B. elegans (in addition to B.

philippintmis already alluded to), and states that it is nut seen

in any specimen of B. timbonata, in the Australian Museum,

which is the species in respect of which he states Professor Has-

well's description of the "different forms of the mouth "' showed
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the various stages of it ; and also it is the species in which he

says he saw the oral aperture underneath the peristome, which

caused him to determine the name of the genus, for the reason

that he considered the slit itself when completed forms the

perlsto/iiial oritice, and as it is formed before the oral aperture,

he assumed it to be therefore the primary orifice and the oral

aperture the secondary one ; and the occurrence of the two

orifices caused him to name tl).e genus Bi-pora. It is important

to note that he makes no mention of the occurrence of the slit

in his descriptions of the other species dealt with in his paper.

With regard to these " slits " I must confess that my reasoning

depends a great deal upon what I may call negative evidence.

It is to be regretted that Mr. Whitelegge did not illustrate his

paper with figures, showing the various stages of development

of which he speaks ; so that it is extremely difficult to deal

satisfactorily with the subject, and these " slits
'" must at pre-

sent remain an unsolved enigma.

Another point of interest in connection with the Bipni-ae

is that up to the time of the publication of Mr. Whitelegge's

paper there was no record of any ooecia having been seen upon

any species of this genus. In his description of B. pliilippin^

ensis he states that they are present in that species, and his

description of them is, " external, globose, smooth, with 'a

faint fimbriated stigma in front "
; but he gives no figure.

Many, if not all, of the specimens of this species which are upon

the slide lent to me by the Curator of the Australian Museum,

had ooecia upon them, and as I had not seen them before, I

made a drawing of a portion ^f one zoarium, which is here

reproduced (Fig. 2) as they have never before been figured. The

ooecia agree fairly with the description, but I could not see

upon them the " fimbriated stigma," though there was on some

of them an irregular line apparently marking the limit of a

layer of tissue or thickening in the walls of the ooecia. The

ooecia are on the upper surface of the zoaria, which is slightly

convex, and nciir the periphery. In order to obtain a view

of the ooecial openings which are situated at the base of the

ooecia, it was necessary to tilt the slide so as to expose the edge

of the zoarium to view. Scattered among the zooecia are some

of the " semi-lunar slits " spoken of above. I have drawn a



ProL-. K.S. Vii'toria, lOlO. Plat.- I.

F.ol

0^-

t
^.^

'^

^

\^^'M > Fto 2





Gfoirf/i (I ml Habits of Biporae. 7

Kiiiall ]»(!rticin of the surface inorL' liiulily iiiatrnitied (Fi<x. 2a) to

show their structure more clearly ; it will be seen that the

raised nodular process
"' appears to be a means of strengthen-

intr the connection between the Hap and the rest of the zoarium,

and I think shows the improbability of the " slit
'' being con-

tinued, through it, into a circle, so that the Hap would fall off.

There is yet another point I nuist notice here, and that is,

that in the specimen Hgured the niarginal zooecia have very

large inverted funnel-shaped jjeristomes, and it is a question

of considerable interest as to how these large peristomes become

absorbed, or rejected, as there is no trace of them in the older

zooecia. Altogether the liipurae exhibit so many abnormali-

ties that they are well worth further careful study, especially if

spirit preserved specimens of living forms can be obtained.

EXPLANATION OF PLATE I.

Fig L—Section of coral growing in Bipora, a to b, line of

junction, x- 26.

Fig. 2.—Portion of zoarium of Bipora philippluensis, show-

ing ooecia and semilunar slits. x CO.

Fig. '2a.—Portion of same zoarium, showing a thyrostome,

avicularia and a semi-lunar slit, x 1015.

NOTE.

8ince the above paper was written, I have received from Mr.

G. ]\L Jv. Levinsea, of the Zoological Museum, Copenhagen, a

copy of his " Morphological and sy.s|ieinatic studies of the Cheilo-

stonious Bryozoa," in which, with reference to the "semi-lunar

slits" (which he terms " lunoecia,"), he says that the view that

they are "rudiments of new zooecia " is quite incorrect and m
complete conflict with liis investigations on them, and that the

idea that new zooeci;i ctyi be intercalated between older in a well

calcified Bryozoa colony is so improbable that he has " no hesita-

tion in declaring snch a process impossible."
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Ar'i\ II.

—

On some PselapJddae of the Howitt Collection.

By ARTHUR M. LEA.

[Read 10th March, 1910.]

Mr. Jas. A. Kershaw, of the National Museum, recently kindly

allowed me to examine the following Pselaphidae, of the Howitt

collection, bearing King's original name labels:—
Ctenistes vernalis, King (Trans. Ent. Soc, N.S.W.,

I., pp. 40, 102, 300).

Rytus punctatus. King (/. r. pp. 103, 303).

R. viCTORiAB, Kingi (/. c. p. 304).

Tyrus howitti, King2 (/. r. p. 301).

Bryaxis ater. King (/. r. j. 309).

Bythixus NIGER, King (/. r. p. 312).

EupLECTUs Excisu!^, King (/. r. p. 313).

All of these T re-mounted so as to examine the under sur-

face and legs. As the original descriptions are extremely brief,

more detailed ones may be acceptable to workers in the family.

Ctenistes vernalis, King (now Ctenisophns vernalis. King).

King's label, "Ctenistes vernalis, R.L.K. (Tmesiphorus ver-

nalis). Paramatta."

Two specimens (sexes) from the original locality, and prob-

ably therefore co-types. They are certainly different to the

species identified by myself (from comparison with the type,

but without examination of the under surface), sent to Raffray

under that name, and described by hinr' ; and which species

has the abdomen very feebly impressed in the male.

The supposed co-types exactly resemble that species on the

upper surface, and have the antennae as in both sexes of that

species, but the third ventral segment has a rather strong

1 Not Tyehxis huwitti, King.

2 Not Tyriig victoriae, Kiiijf.

3 Proc. Linn. Soc. N.S. Wales, 1900, p. 208.
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transverse impression, bounded on the iiinder niurp^in by two

distinct oblique obtuse ridges, which do not quite meet. From
some directions the abdomen appears feebly longitudinally im-

pressed from base to apex, with the ridges like two distinct and

fairly distant tubercles. The spines on the under surface of

the head are thin and acute.

The ventral impressions on the males of this genus are

the most satisfactory characters for the identification of the

species, and in King's descriptions are not even mentioned.

I believe the Howitt specimens to be correctly named, but

the species of this genus so strongly resemble each other

that King may have been mistaken, and it is very desirable

that the ventral impression of the type should be examined

and described.

Rytus /functatus, King (now Rytus suhulatus King).

King's label, '" Rytus punctatus, R.L.K. (Tyrus subulatus),

Paramatta."

First described by King as Tyrus suhulatus, but later men-

tioned as the type of the (then) new genus Rytus, but the

name altered, without sufficient cause, to punctatus.

As the essential features of the species are re-described^ by

Raffray, there is no need to re-describe the Howitt specimen.

King recorded the types as from Parramatta and Dunheved
;

the Howitt specimen is from Parramatta; a co-type in my own
collection is from Dunheved, and I have others from th.e

Richmond River and Windsor.

Rytus vicforiae^ King.

King's label, " Rytus victoriae, R.L.K."

Type ?. Reddish castaneous, head and prothorax darker,

palpi and tarsi flavous. With rather long pale pubescence.

Head rather long, with small punctures, with a fairly deep

fovea of moderate size close to each eye. Antennary tubercles

fairly prominent. Antennae passing middle coxae,,, first joint

as long as second and third combined, second slightly longer

1 Proc. Liiiii. Soo. N.S. Wales, lltOO, p. iS'J.
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than third, third to ei<rhth subequal, ninth larj^er and wider, its

apex witli a short connectinp' piece, tenth of siniihir shape but

somewhat h\rp-er, eleventh ovate, the length of three preceding

combined. Palpi about three-fourths the length of antennae,

iirst (apparent) joint long and thin, but at apex suddenly in-

flated and subglobular, second not half the length of hrst, base

thin, but rather strongly intiated to apex, tliird not much
shorter than first, base with a.n intiated portion somewhat larger

than that of hrst, thence thin to apex, l)ut thinnest just in

front of intiated part, apex with a short seta. I'votlutrct r wider

than long, greatest width near apex, thence regularly decreasing

in width to base ; with small sparse puncttu'es. Elytra slightly

wdder than long ; almost impunctuate, each with two basal im-

pressions, one at base of a distinct subsutural stria, the other

between it and side, with a short rearward extension, but too

short to be considered a stria. Metasternum very gently con-

cave in middle. Abdomeit non-foveate. Legs edentate.

Length, 2 mm.
ffab.—Victoria.

The specimen redescribed is certainly the type, as King

stated that it was unique in the collection of Dr. Howitt. It

is readily distinguished from siibnlatus by the feeble j^nnctures.

Raffray regards it^ as the probaljle female of emavijinatus,

King*

Tyrus howitt i. King (now Tijronniriilmx Jiowitti, King).

King's label " Tyrus Howitti King."

Type <?. Reddish castaneous, appendages somewdiat paler.

With pale, evenly (but not densel}') distributed pubescence.

Head convex,, with dense and rather coarse punctures;

antennary tubercles moderately raised. Antennae extending to

middle coxae, first joint about twice as long as second, second

slightly longer than third, the others to eighth very feebly

decreasing in length, ninth distincth' wider, and longer than

eighth, tenth still longer and wider, eleventh ovate, slightly

1 Proc. Linn. Soc. N.S. Wales, 190(i, p. 239.

2 In the synonymy he jfives einargiHafii)is,s first referred to 'I'liinn, \mt this i> iticorreet.
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loiiLrer than ninth and tenth coiiiliini'd. I'alpi with first (ap-

parent) joint louif, l)asal halt' lliiu, apical half sti'ongly inflated

and siibelliptic in outline : second abont as lone: as inflated

jiart of first and somewhat tliinner, third slitihtly longer iind

Boniewhat thinner than second. /'t-ofliura r aFjout as lonjn' as

greatest width, which is abont apical fourth, sides strongly

narrowed to apex, and moderately to base, which is slightly

wider than apex ; with a feeble median subbasal impression ;

punctures as on head but rather sparser. Elytra distinctly

wider than long, shoulders strongly rounded, sides rounded and

increasing in width almost to a])ex ; eath at b9.se with two

small foveiform impressions, one at base of a strong subsutural

stria, the other marking the base of a short impressioii, which

is much too short to be regarded as a stria ; punctures rather

sparser than on prothorax. Upper surface of abdoni/ii with

small punctures; lower surface without fovea. M etdfittrinnn

widely and shallowly impressed in middle. /'C//-^' rather long

and thin ; front trochanters each with a large truncated tooth ;

front femora each with a rather small but distinct subbasal

tooth ; front tibiae moderately curved. Length, 2 (vix) mm.
Hah.—Victoria.

Tliis species was omitted from Raffray's recent generic

monograph of the family, prol)ably on account of their being

a T//rJnis hoii'iffi. KiiiL;- (now referred to I'l/rtt />Jiiis). It belongs-

to Ti/roiiiorpJws, and in general sculpture is close to cribratiis,

but differs in being smaller and somewhat differently sculptured.

In general appearance it is remarkably close to Rytu^ si/buhitu.s\,

\n\X has very different ])alpi. The second segment of abdomen

on its lower surface, a|)]iears to have a very feeble ridge across

middle of apex, l)ut this is invisible from most directions.

Bri/aris) (iter. King (now Eu pnx-x (ifni. King).

King's label "" JJryaxis ater. K.L.K.," and a label '" Dandenong
"'

in another hand.

Type ?. IJlack. appendages piceous brown, but antennae

somewhat darker than legs. Almost ghiiirctus.

Head smooth and without impressions. Antennae ratlier

short, first joint fairly stout, second as stout as first, Init much
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shorter, third to ninth small, tenth short but strongly trans-

verse, eleventh large and ovate. Prothorax lightly transverse,

sides rather strongly rounded near apex, and gently decreasing

in width to base ; disc without impressions. Elytra slightly

longer than wide, sides sub-parallel, shoulders rounded ; finely

striate close to suture, but not elsewhere. Apex of metasternum

gently impressed in middle. Ahdomen non-foveate. Legs non-

dentate. Length, 1 (vix) mm.
Hah.—Victoria (Dandenong Ranges).

The species also occurrs in Tasmania, as I have the sexes

from the Huon Eiver, the female of which agrees well with the

type. The male differs in having the metasternum strongly and

widely impressed ; second segment of abdomen very feebly

impressed (scarcely more than flattened) in middle, and apical

segment lightly cui*ved at tip, so that from some directions it

appears to have a small apical tubercle. On the type the two

apical joints of antennae form the club, the tenth being wide

but short ; the ninth is also transverse, but could scarcely be

regarded as part of the club. The male has very similar an-

tennae except that the two apical joints are somewhat larger.

Bythinus niger, King (now Eujiines nigi-a, King).

King's label, " Bythinus niger, R.L.K."

Type ? . Castaneous brown, legs paler, antennae darker.

Almost glabrous.

Head smooth. Antennae moderately long, first joint rather

stout, second as stout as but shorter than first, third to eighth

small, ninth distinctly wider than preceding joints, tenth larger

and more transverse, eleventh ovate. Prothorax moderately

transverse, sides widest at apical two-fifths, thence subarcuate

to base, without discal impressit>ns. Elytra very little longer

than wide, shoulders rounded, sides gently rounded and in-

creasing in width to near apex, finely striate near suture, but

"not elsewhere. Metasternum feebly impressed along middle.

Abdomen non-foveate. Legs non-dentate. Length. 1 mm.

Hab.—Victoria.

•Quite an ordinaiy looking Eupines. The specimen rede-

ficribed is certainly the type as King says " In Dr. Hewitt's coll."
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All that he says of colour is " niger," possibly the colour has^

pomewhat faded (it is between 40 and 50 years since it was-

taken), but King appeared to regard almost all fairly dark

browns as black. Tlie club might fairly be regarded as three

jointed, although the ninth joint is rather small ; the eleventh

is rather large, but not much wider than tenth. On each side

of the head there are two very feeble impressions, invisible from

most directions, one in front and one just above the eye.

There are before me two females and one male from Tas-

mania (Huon River) fhat appear to belong to this species.,

Tliey differ in being considerably darker (a common occurrence

with Tasmanian insects of all orders), with the impressions on

the head still very faint, but rather more noticeable. The male

differs from the female in having the club larger, with the

ninth and tenth joints more transverse. Metasternum widely

impressed and subcarinated on each side of middle. From some-

directions its first ventral segment appears to have a large semi-

circular excavation at apex, bounded on each side by a small

distinct tubercle ; from other directions both tubercles and

excavation are indistinct. The apical segment has a small

circular impression.

Euplectus ercisns. King (now Eu jilertnps errisiis. King).

King's label "" Euplectus excisus. King," and a label " Dande-

nong " in another hand.

J' ? Reddish-testaceous, legs and palpi paler. Clothed with

short pale pubescence ; sides with a few scattered hairs.

Head with a deep fovea on each side, the two opening out

and conjoined iu front, so as to give the appearance of a wide

semicircular impression, middle of base with a short longitu-

dinal impression. Antennae just passing middle coxae ; first

joint as long as second and third combined, second globular,

slightly longer than third, fourth to eighth short and transverse,

ninth scarcely longer but distinctly wider than eighth, tenth

slightly longer and distinctly wider than ninth, eleventh ovate,

base truncate, almost as long as three preceding combined.

Prothorax distinctly transverse, sides strongly rounded from

apex to middle, then strongly and suddenly constricted, and
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then a])pearing as a sul)triangnilar extension on each side of

base ; with three strong, longitudinal impressions, and a deep

transverse sub-basal one, the latter causing the lateral constric-

tions ; with small scatteied punctures. Elytra slightly longer

than wide, shoulders rounded, sides gently rounded, each Avith

two striae commencing in basal foveae, the subsutural one

distinct throughout, the discal one distinct at base, traceable at

apex, but obsolete in middle; punctures much as on prothorax.

Meta-^ternion feebly impressed along middle. Ahdomeu non-

foveate. J^egs moderately long ; trochanters each with a feeble

subtriangular node or tooth ; femora edentate. Length, 1

4-5ths mm.
Hah.—Victoria : Dandenong.

The specimen redescribed is a co-type, if not the actual type

itself, as King says, " Tlie Dandenong Ranges Dr. Howitt." In

general appearance it is fairly close to Eujilextops gihhosuK, but

the prothoracic sculpture, although deep, is less profound, an-

tennae somewhat shorter and stouter, with the joints of the

clulj differently proportioned. Its clothing is also more notice-

able. The abdomen has a short process projecting backwards

from its tip, liut I cannot make out whether it is an ovipositor

or the sheath of a penis, but it is probably the latter, as the

trochanters appear (^from some directions) to be obtusely den-

tate ; the third ventral segment also has a very feeble sub-

triangular impression at middle of apex, but which is invisible

from most directions. Tlie disc of each elytron is slightly paler

than its other parts, but the shades of colour are not sharply

defined.
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A in. 111. -^l Sj)/'ci('i< of A'lya.s, apparently nciv to

Science.

By GEORGINA SWEET, D..Sc. (Melb.)

(With Plate II.)

[Eoad lOth March, 1910.]

Four specimens of " Fowl-tick " handed to me by Professor

Gilruth from a spirochaete-infected fowl apjjear at first sight to

be the hexapod larvae of J/v/c/.v iinnidfus, Koch, 1844, as hpured

by Salmon and Stiles (1901, jip. 405-7), which is now regarded by

Nuttall and others in their recent " Monograph of the Ixo-

doidea " (1908, p. 8) as synonymous with Argas persicus^ (Oken),

1818. But on closer examination they are found to differ in

several particulars from that form, especially in size, in which

they more closely resemble Argds re-'ijiertilioiiis (Latreille),

1796, and in the more ventral position of the capitulum, in

which they are unlike the larvae either of Aryas /iersicus or of

Aryas vexpertilioiils, though very similar to the nymph of A.

vespertilionis, figured and described by Nuttall (1908, fig. 50

and p. 37).

The proportionate size does not appear to be related in this

case to the age of the larva, since the larva of Ar</(/s jursiciis.

wliicli is from .G to .7 mm. long, and al)Out the same in width,

simply liecomes longer as it matures ; whereas three of my
specimens are wider than long, the other circular, and all four

much larger than the hexapod hirva of Aryax //rrsiciis. it is

easily conceivaltle that Aryax rrspir/ iho/ns-. the bat-tick, should

be found on ii fowl, but not only arc these four specimens dis-

tinctly smaller than the larvae of A. re><pertiJioni.s, but they

differ in several (jther points from the lattei', as seen in the

following diagnosis.

In view of the condensation of species of Argas by recent

workers, I hesitate to found a new species in the absence of

more material for comparison, but in order to avoid possible
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confusion, it appears advisable to record these specimens as a

new species—viz., Argas victoriensis. Efforts have been made

to obtain more specimens of this form from the original source,

but so far they have not been successful. All other fowl-ticks

so far examined from Victoria, New South Wales and Tas-

mania, have been undoubtedly Argas persirus [c.f. Nuttall and

others (1908, p. 21)].

Argas victoriensis, n.sp.

iJiagnosis of Species.—Lai'va. Length 1.1 to 1.6 mm. wide,

and .96 to 1.6 mm. long, hexapod, and generally a short oval,

but sometimes circular in outline, quite fiat. The capitulum

is inserted ventrally, but in none of my specimens does more

than the extreme tip of the hypostome project beyond the

anterior edge of the hood, and as a rule only the tips of the

chelicerae project anteriorly (contrast Argas fersicii.s larva)

;

the palps, however, may do so, up to three joints or articles

being visible from the dorsal surface. The palps are .258

mm. long, and slender, the terminal article being much

longer than wide. (ComjDare Argas persicus, and contrast

Argas vespertilionis.) The width of the capitulum at the

widest part of the base, i.e., posteriorly, is .186 mm. (con-

trast .160 mm. at this region in A. persicus). The length

of the hypostome is .186 mm. (contrast .144 mm. in A. per-

sicus). The integinnent has fine transverse parallel wrinkles.

Intestinal caeca are well developed. No discs ("pits") are

visible. Tlie legs are long and similar to those of A. persicus.

Twenty-six marginal hairs are present, extending right round

the body and hood. In other respects this form resembles A.

persicus.

Locality.—^Northern Victoria.

ADDENDUM.

Since writing the al)ove, I have received from Professoa-

(Tilruth a further supply of fowl-ticks, obtained from the

Kiverina. This included seven larvae taken from the bird in

daylight, and also some adults, obtained from the walls of the
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f(i\v!-li(iuse. llie latter api)ear. so far as examined, to be

indistiniruisliable from Arc/a-^ persiriix, but the larvae are un-

doubtedly similar to those described above as Argas vlc-

toriensis, n. sp. There is as yet no proof of any connection

between these adults and larvae, althon<ih such may certainly

be suspected—and at the earliest opportunity I shall endeavour

to hatch out the adults from such larvae in order to test the

point. On the other hand, the great difference in the chelicerae

and hypostome from those descril)ed for the larvae of Arga&

persicus, points to the validity of this new species. Under the

circumstances the following table seems desirable, showing

individual width and length, and the character of the hypos-

tome :
—
Width Lenjfth

1.— 1.1 mm. - .9H mm. Tips of chelicerae only, visible dorsally.

2.— 1.3 mm. - 1.3 mm. Tip of hypostome visible dorsally.

3.—l.G mm. - 1.6 mm. Hypostome and chelicerae not visible dorsally

4.— 1.1 mm. - .96 mm. ,, ,, ,, ,, „ „
5.—1.5 mm. - 1.76 mm. Tip of hyjiostome visible dorsally.

6.—- .96 mm. - .96 mm. Hypostome and chelicerae not visible dorsally

7.—1.2 mm. - 1.2 mm. „ ,, ,, „ „ „

8.—1.05 mm. - 1.01 mm.
9.—1.32 mm. - 1.36 mm.

10.— 1. mm. - .89 mm. Tijj of hypostome visible dorsally.

11.— 1. mm. - .93 mm. Extreme tip of hypostome visible dorsally.

Nos. 5 to 11 are those referred to in this addendum.

BiHLIOGRAPHY.

Nuttall, Warburton, Cooper and Robinson, 1908.

" Monograph of the Ixodoidea, Pt. I., Argasidae."

Salmon and Stiles, 1901, U.S. Dept. of Agriculture.

Seventeenth Annual Re])ort. Bureau Animal Industry.

EXPLANATION OF PLATE IL

Fig. 1.—Argas victoriensis, n. sp.—Larva—dorsal view, x 20.

Two posterior legs on left-hand side somewhat distorted

in appearance through fore-shortening. The tips of the

chelicerae oulv are seen at the anterior border.
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Fig. 2.—Argas victoriensis, n. sp., Larva—ventral view, x 25.

The three legs on the right-hand side are broken about

the middle of their length.

Fie. 3.—^Anterior border of a third specimen of same, showing

chelicerae only, projecting in front of the body.

Fig 4.—Portion of integument, from posterior border of speci-

men of same, showing marginal quadrangular '"
cells.'"'
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Art. IV.

—

Notes on a Protozoan Parasite found in the

Mucous Membrane of the Ahomasiim of a Slteep.

By professor J. A. GILRUTH,

D.V.Sc. M.E.C.V.S., F.E.S.E.

(With Plate III.).

[Read 3rd March, 1910].

The parasite was encountered during an investigation into

the cause of a disease of the Braxy group affecting Tasmanian

sheep, for which I have in a report to the Minister for Agri-

culture in that State suggested the name " Mahgnant Transuda-

tion." This parasite, however, appeared to have no pathogenic

significance. It was encountered in sections of a portion of

stomach wall, showing necrosis and ulceration, but in the com-

paratively healthy area.

To the naked eye, no evidence of its presence can be de-

tected, at first sight, in the sections. Although situated

in the mucosa, it does not cause any discernible elevation. It

was, therefore, encountered purely by accident, and unfortu-

nately only three sections out of a large number mounted show

its presence.

Description.—A minute cyst, composed of a very delicate,

faintly-laminated cyst wall, enclosing groups of sporozoites.

Tlie cyst is somewhat oval, the long diameter being in the

direction of the gastric glands. It measures 0.5 mm. by U.3

mm. Tlie contents consist of masses of small sporozoites

arranged radially around a minute portion of residual proto-

plasm. Each sporozoite is about -i to G microns long and 0.5

microns broad. Distinctly spindle shaped, with exti'emities

tapering to a fine point, each is provided with a central oval

nucleus. They are readily stained by the ordinary stains.

Flagella cannot be definitely distinguislied, although here and

there certain sporozoites appear to be flagellated.
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Nature of tlic Parasites.—At first sight one is struck by the

similarity to colonies of Herpetomonas and to certain stages of

the Malaria-parasite in Anopheles, but there is no evidence

'ivhatever of a blepharoplast or centrosome.

Dr. Mesnil, of the Pasteur Institute, Paris, to whom I

forwarded a section for his opinion, agrees with this, but con-

siders the resemblance much greater to certain stages of para-

sites of the intestines of some crustaceans, known as Aggregata.

Indeed, he states that on comparing the two, " the resemblance

is striking." As he suggests, it is more than possible that the

parasite in question is a schizogonic stage in the evolution of

some parasitic sporozoon of the sheep. Now as there is one

sporozoon which is extremely common in my experience, not

only in the sheep, but in cattle and pigs in Australia—viz., the

sarcosporidium, the life history of which is extremely obscure,

the possibility of its being a stage in its evolution is worthy

of consideration. In almost every portion of muscle which I

have examined microscopically in Australia, I have found some

fibres affected with sarcosporidia. Their further study is there-

fore a matter of some economic as well of scientific import-

ance. Unfortuntely, the minute size of the stomach cyst renders

an investigation into the parasite mentioned a matter of

extreme difficulty, but it should not be unsurmountable.

EXPLANATION OF PLATE HI.

Upper Figure. —Section of stomach mucosa, showing cyst.

Lower Figure.—-Groups of Sporozoites showing radiate arrange-

ment.

Postscript, 7th July.

It is interesting to note that iii a private communication

received from Dr. Mesnil since the above article was read, he

states that the cysts have now been found to exist in the fourth

stomach of sheep slaughtered in the Paris abattoirs. His

assistant, M. Chatton has made a very complete study of them,

which will be published shortly.



>i-oc. U.S. Vk'loiia. Iltl". I'lair 111.

<-^=^':^4J'«^ «
"V/-^ %•

.»'*•

^
r^T

>#*^, V ^

^ 1
.r

f *']'^«»
i' .





[Proc. Roy. Soc. Victoria, 23 (N.S.). P'''- I- I^'IO-]

Akt. V.

—

New or Little-Known Victorian Fossils iv the

National Museum.

Part XI.

—

On an Impression of a Bird's Feather in the

Tertiary Ironstone of Redruth, Victoria.

By FREDK. chapman, A.L.S., «fec.

(Palaeontologist to the National Museum).

(With Plates IV. and V.)

[Read 26th May, 1910.1

Introductory.

^"08811 remains of birds, compared with those of other animals,

are of rare occurrence. The reason for this is not far to seek.

The bodies of birds, on account of their lightness of build,

readily float, and are therefore more liable to disintegrate and

decay before they can arrive at conditions tending to preser-

vation by being sealed up in mud or silt. Moreover, their

bones, with more or less easily attacked pneumatic structure,

are placed at considerable odds compared with the more solid

bones of mammals, or even of most reptiles. From such floating

or decaying bodies the feathers soon tend to become detached
;

and these, also, have small chance of being preserved, unless

caught amidst water-logged masses of leaves. Hence it is that

most of the records of fossil feathers are from lacustrine, estua-

rine or shallow-marine accunmlations, where they are generally

associated with plant- and insect-remains. The rocks in which

feathers have been found are for the most part of fine-grained

texture, and comprise iron-stone, originally ferruginous mud or

ooze, and gypseous and carbonaceous clays in the lacustrine

series ; and, more rarely, the inpalpable marly deposits of

marine origin found in liavaria (Solenhofen- or Lithographic-

Stone).
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Previously Recorded Occurpences of Birds'

Feathers.

So far, the following appear to be the only instances of

feathers having been found in strata older than sub-recent.

Upper Oolite.—Solenhofen, Bavaria (Archaeopteryx).

Eocene.—Green River Shales, Wyoming, U.S.A.1

Eocene.—^Gypseous marls of Aix, Provence (Strix, Alcedo,

Upupa, Sittn and Turdus, associated Avith plants, insects and

fishesi).2

Upper- Eocene.—Mont Bolca, near Verona, Italy (Ornitho-

lithes failjasi and 0. tenuipennis).^

Upper Eocene.—Bournemouth. A small feather recorded

from the plant-beds by J. Starkie Gardner.^

(?) Eocene.—Gyj^seous beds of Senegal.^

Lower OJigocene.—Freshwater Limestone of Limagne,

Auvergne.6

Lower Oligocene.—Konigsberg, Germany ; in amber.'

Upper Oligocene.—Lignite beds of Rott, near Bonn, Ger-

many.**

Upper Oligocene.—Two portions of feathers found by the

Rev. P. B. Brodie in the Bembridge Limestone, Gurnet Bay,

Cowes, L of Wight."

Miocene.—^Freshwater Limestone of Croatia, Austria."'

Miocene.—Hard calcareous tufa of Hahnenbergs, Bernstein,

Germany."

Miocene.—Lacustrine marls of Florissant, South Park,

Colorado, U.S.A. ^-

Upper Miocene.—Oeningen, Bavaria. ^'^

1 Zittel-Eastman. Text-Book of Palaeontologv, 1002, p. 256.

•2 Bayaii. Bull. Soc. Geol. France, s^r. 3, vol. i., 1873, p. 386.

3 Faujas. Ann. du Museum, 1804, vol. iii., pi. i. figs. 1-3; Oraboni, Atti lift. A'eneto di

Scienze, lettere 1885, ser. vi. vol. iii.

4 C.eol. .May., dec. iii., vol. ii., 1885. p. 384.

5 See Zittel. Traite de Palcontologie (French ed.), vol. iii., 1893, p. 79!>.

6 Zittel. Loc. supra cit.

7 Zittel. Loc. supra cit.

S Zittel. Loc. supra cit.

9 Geol. Mag., 1885, loc. supra cit.

10 Zittel. Loc. supra cit.

11 Zittel. Loc. supra cit.

12 Zittel. Loc. supra cit. ; see also Bather (Proc. (ieol. Assoc, vol. .\xi., pt. 3, 19U9, p.

159), for general conditions of deposit.

13 Scheuchzer. Physica Sacra, 1731-1735, pi. LIIL, fig. 22.
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Australian Bird Remains.

Bones of a struthious l)ird> Dro/nornis austraUs, Owen,^

have been recorded from the Pleistocene of Peak Downs and

the Paroo River, Queenshmd ;'" Dro/nornis sp. from the Mount

Gambier Caves, South Australia, and Phillip Co., New South

Wales f and Dromaeus putricins. DeVis, from King's Creek,

Darlint; Downs.* Numerous other remains, also from Pleisto-

cene deposits, are recoi'ded by the last-named author from the

River Condaujine, near Chinchilla, Queensland ; chiefly refer-

able to the Anseres and tlie Hallidae. Another extinct bird,

Genyornis, allied to the Eums, has been described from the

Pleistocene of Lake Callabonna, South Australia, by Messrs.

Stirlinfr and Zietz."' And lastly, Prof. Spencer has recently de-

scribed an extinct species of Emu {Droniaeus minor), from

sub-recent deposits in King Island, Bass Strait.'' Nothing older

than the Pleistocene, however, has been hitherto found in Aus-

tralian rocks, so that the present occurrence of bird remains

has a special interest.

Description.

In the specimens now described, the perfect impressions of

the two sides of a feather have been preserved in an ironstone

deposit of lacustrine origin below the Wannon Falls, at Red-

ruth, Western Victoria. The two opposite halves of the iron-

stone block containing the impressions, accompanied by an-

other, bearing numerous leaf-impressions, were forwarded to

the National Museum by the Mines Department in 189.3.

The feather is moderately long and curved ; having a strong

quill or rhachis. The impression shows that this rhachis was

1 Proe. Zool. Soc. Loud., 1872, p. ^$.-1. Trans. Zool. Soc. Lond., 1873, vol. viii., pt. 4.

pp. 381-384, pi. Ixii. ; pi. Ixiii., fi^s. 1, 2.

2 K. Etheridge, jiir. Rec. Geol. Siirv. N.S. Wales, vol. i., pt. 2, 1889, p. 126.

?. Owen. Proc. Zool. Soc. Loud., 1877, pt. i., p. 9.5. R. Etheridge, jnr., Cat. Austr.

Foss., Cambridge, 1878, p. 179.

4 De Vis. Proc. Linn Soc. N.S. Wales, vol. iii., pt. 8, 1888, p. 1277.

h Mem. Roy Soc. S. .4iistralia, vol. i., pt. iii., 1906.

6 Vict. Naturalist, vol. x\iii., 1906, p. I'lO. Sec also Mem. Nat. Miis. Melbourne, No. 3,

1911), 11. '.).
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Hat, with a well-inarked median channel near the base. It

is also evident that the medullary portion contained lar<,'e and

irreo;ularly disposed air-spaces. The lamellae lie close together,

forming the vane ; but occasionally cross one another, as if

their cohesion had been destroyed by the damage of the web.

The feather is nearly complete to the apex, and there is no

appearance of an aftershaft or hyporhachis, such as is seen

in the struthious birds. TTie lamellae curve upwards and out-

wards from the base of the quill, and are moderately long on

one side and short on the other.

Length of feather, 73.5 mm. ; greatest width, 20 mm. ; width

of web on one side of rhachis, 12 mm., on the other, 6.5 mm. ;

average width of lamellae, .75 mm. ; thickness of quill near

base, 1.25 mm.

Relationships.

The characters of this feather are not those of a struthious

birdl, there being no after-shaft present ; and. moreover, the

lamellae are not typically disconnected. In rts general hrm-

ness of web, its length, slight curvature, and roundly acuminate

apex, it suggests such a feather as may be nuitched amongst

the primaries, especially the upper, in, for instance, the Black-

billed Spoonbill (Platalea regia), or one of the Ibises. Of

course, no clear identity can be established from the impres-

sion of a single feather ; but the probabilities are considerable

that, when the ancient lacustrine sediments of Victoria were

laid down, some representatives of the long-legged wading

birds of the order Herodii were living under conditions similar

to those which they enjoy at the present day.

Associated Remains and Probable Age

of the Beds.

On the same pieces of ironstone with the feather-impressions

are some slender, cylindrical and pointed fragments, with tinted

surfaces, which are probably portions of reed-like stems of

1 See also Hutton "On Some Moa Feathers." Trans, and Proc. N. Zealand Inst., vol.

jv. (1871), 18V2, p. 172, pl. ix.
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plants allied to the rushes. Several fragments of long, ovate,

pointed leaves on the same slab can, without doubt, be referred

to the genus Euralyptux. Their venation difi'ers from those

of the fossil species described by McCoy and Ettingshauseii, in

having remarkably long and sub-parallel secondary veins ; and

in point of fact, very closely agree with the leaves of E.

amygdalina, Labill. The areolar interspaces formed between

the secondary and tertiary veins are occupied by moderately

large pustular oil-cells. On two separate fragments of the

same ironstone bed there are numerous leaves of a Banksia,

allied to B. marginata, Cavanilles, but having a narrow,

parallel-sided ligulate form of leaf. The presence of a new

species of Banksia, allied to a sjjecies now found living in the

same locality, is interesting, as pointing to the same generic

element in the flora of that tolerably remote period. And

tnis, together with the occurrence of a Eucalyptus allied to

the living E. amygdalina, proves that the characteristic flora

of the " open forest tyiie,"! had already become established.

The evidence of marine fossils in ironstone bands above the

older " gold-drifts '"
is in favour of a Janjukian or Miocene

age ; but whether this ironstone with terrestrial remains is a

synchronous deposit can only be proved by further detailed

stratigraphic work in the district whence it came. In appear-

ance and general characters it closely resembles a typical iron-

stone of the Bacchus Marsli series with plant-remains ; and also

the Htawell ironstone deposit containing moderately shallow-

water marine fossils.

In concluding these notes I must express my thanks to Mr.

J. W. Audas, of the National Herbarium, who kindly assisted

me in the comparison of the plant-remains here mentioned.

EXPLANATION OF PLATES IV. AND Y.

Plate IV.

Fig. 1.—Impression of a bird's feather in ironstone ; associated

with leaves and stems. Redruth, Western Victoria.

Nat. size.

1 See H. Deane, Rec. Oeol. Siirv. Vict., vol. i., iit. 1, 1902, p. 18.
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2.—Opposite face of above ironstone specimen ; showing

impressions of feather, grooved plant-stems, and leaf

of Eucalyptus, of the type of E. amyijdaJina, Labill.

Plate V.

Fig. 3.—Feather impression more highly magnified ; showing

the connected structure of the vane, x 23.

4.—Piece of ironstone from the same bed as that with the

feather impression ; filled with leaf-impressions of a

Banhsia allied to B. margtnata, Cavan., but probably

a new species. Nat. size.
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Impressions of Bird's Feather and Eucalyptus Leaves in

Tertiary Ironstone, Victoria.
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Impressions of Feather and Banksia Leaves in Tertiary
Ironstone, Victoria.
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Aivr. VI.

—

Associ(ttioii of Ahja ami Fungus in

SahiK^n Disease.

By a. 1). HARDY, F.L.S.

[Rt'iid 12th May, 1910].

In a short paper coiimiunicated to the Royal Microscopical

Society, in 1907, by Dr. Hebb, I drew attention to the growth

of an Alga

—

]\Jyxonema temte (Ag) Rabenh.—on Carassius

auratus, found in a garden tish-poiid in Mell)ourne.' Jnci-

dentally the occnrrence of a fungus and a number of unicellular

algae was noted. This report was responded to by Kuniagasu

INlinakata, w^ho described an algal growth on small fry of Hap-

htchilwi /c/^y'^jes, Schley, in a shallow bog pool of the Asso Marsh,

Tauabe, Japan, and the Alga, identified in England by George

Massee, proved to be the same species as that recorded by me
in the foregoing case, while with it were found fragments of a

diatom of the genus Gomphonema and a damaged individual

of Euastrum sp. Xeither Minakata nor Massee mentioned the

presence of a fungus.''

I purpose giving a further illustration of what is, at least

sometimes, an epipiscal alga, and, as the occurrence affected

a large number (about 10 per cent.) of fish in the Studley

Park ponds at Kew, Melliourne, the matter is raised to one of

economic importance, and it may be desirable to describe the

circumstances under which the trouble arose. • In an appendix

I offer for I'ecord the names of a number of Algae, either new

for Victoria or interesting in this connection.

The new fish ponds in Kew were, less than a 3'ear agO;,

stocked from the ponds of the Zoological and Acclimatization

Society's supply at Royal Park, where the fry had been hatched

from ova imported from New Zealand, under the direction of

D. Le Souef. There is no reason for supposing that the ova

1 Jour. R.M.S., 1907, pp. 279-281.

2 " Fish Infested with Alga." Nature, Nov . 'iO, litos.
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may have been unhealthy, as the fry raised in the Zoological

Gardens have not suffered from disease, though a few died,

thinks Mr. Le Souef, from overcrowding. In the Studley Park

ponds now under notice, brown, rainbow and Lochleven trout

are being reared. These are respectively Sahno fario, S. irideus

and S. leveiiettsis.

The ponds comprise six excavations measuring about 14

metres long x 5 m. broad; depth of water about 1.5 m. Each

receives its own supply, and has a separate outlet of water.

The supply is from the Yarra Yarra River, wlience it is

pumped up to a circular masonry reservoir in Studley Park.

From the reservoir, which is close to the ponds, the water is

conveyed by underground pipes to the pond's enclosure, thence

by open channels in the ground, and in open wooden flumes.

The pump which is used for filling the resei'voir with river

water is near to and below the weir at Bight's Falls, and the

river, above and below, is polluted mainly by drainage from the

populous suburbs on the basaltic flats on the opposite side.

Though the sewerage works extension has greatly reduced the

evil, there is still much that is injurious entering the river by

way of Reilly-street and other drains, Merri Merri Creek,

Darebin Creek, etc.

Conditions inimical to the welfare of young fry, which

had hitherto rejoiced in the purity of the metropolitan

domestic supply of water from, the Yan Yean and Maroondah

systems, were obtained during the prolonged, fierce heat of the

Christmas and New Year holidays, when pumping operations

partly ceased, and the water in the reservoir fell to a low

level. The reservoir, used for irrigating public gardens, and

for hydraulic elevators, at times contained a consideiable

amount of silt. In addition to the direct rays of the sun, a

great amount of heat was reflected from the face of the sur-

rounding stonework. The pipes from the reservoir were not

deeply buried, and the liai'd ground was fairly warm during

the hot weather. Thus the temperature of water in the ponds

rapidly rose until a maxianurn of 77 degrees Fahr. was reached

during an air temperature of about 100 degrees in the shade.

The first sign of trouble was the appearance, near the surface,

of rainbow fry of sluggish habit, and these became gradually
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more enfeebled until death ensued. Brown and Lochleven fry

were also affected, but not to the same extent. On many of

the tish there appeared tufts of vegetable growth siuLilar to

those noted by myself in Victoria, and by Minakata in Japan,

the branched filaments of M i/ roncnut being about 1 cm. long

and attached to almost any part of the body, but mostly to

back and sides. Tlie fungus previously referred to was present,

and I am satisfied that it is at least a member of the Sapro-

legniaceae, if not a species of Saprolegnia. Amongst the fila-

ments of these composite tufts there were other algae, both

multicellular and single-celled plants, some of the latter being

motile.

While numy of the weak and dying tish bore no conspicuous

growth, and showed on closer examination no fungus mycelium,

they were still in a diseased condition, disorganisation of the

mouth parts, gills, fins and other portions of the body being

easily seen, the scales having been lost from the affected areas.

Sometimes the Saprnhgnia appeared alone, but usually, if

not always, at spots where ulcerations were in evidence. I was

unable to find any attached Myroiiema apart from the fungus.

It is possible that in the case quoted by Harz^ not necessarily

an enzyme, but probably a bacillus prepared the way for the

fungus mycelium. On the other hand, Professor Huxley" iu

sisted that this view of SaproJegnia, which marked it as a

Saprophyte, was incorrect, and gave an account of experiments

by which he was able to demonstrate the gradual encroach-

ment of the mycelium threads, from an infected part, on sound

tissue of the epidermis, which they destroyed in their progress.

In view of the absence of visible fungus under ordinary micro-

scopic examination in present case, I put forward the sugges-

tion that a bacillus such as B. Kalvwnia pestis^ or B. piscicidus

hipolaris* prepares the tissue for the Saprohgnia, which is

then a Saprophyte, but that it may in the absence of such a

bacillus adapt itself to other conditions, and then as a true

parasite dissolve the tissues for itself by means of an enzyme.

1 Jour. Roy. Micr. Soc, 1907, p. 201.

1 Report, Fisheries Exhibition [jitcrature, vol. vi., 1882.

3 Rep. British Association, 1002.

4 Proc. Linn. Soc. N.S. Wales, vol. xxv., 1!)00, pp. 1'22-130.
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*Soiue tadpoles succumbed to the disease, and these had the

same disorganised mouth parts, etc., but no visible Sapro-

leynia or Alga, and therefore, keeping in mind J. Hume Pat-

terson's statement' that B. .salmon is pestis is not pathog'enic to

frogs, it seems probable that B. pisricldus hipolaris, Greig,

would be found on bacteriological investigation.

The presence of M i/ronema tenue appears to depend on the

;preceding groAvth of the fungus, in the mycelium of which

zoospores of the former may be enmeshed. In the Yarra

iRiver, above Dight's Falls, this species occurs as long streamers

in the current, attached to willow, twigs, etc. In the wooden

,£umes of the Kew fish-ponds it attained in January a length

of 22 cm., and in the ponds there was a sickly growth, the

l^oor development being evident both in reduction of size of

the plants and richness of colour of chloropjasts, etc. The

plants on the tish, though very small, were vigorous and rich

in colour, while some of the branchlets were actively producing

zoospores at time of collection. Tlie suggestion made in my
•previous paper that this stream-loving plant iidapts itself to

•comparatively stagnant Avater by securing a foothold on a

motile substratum, seems to hold good.

The Fisheries Branch of the Ports and Harbours Department

lost no time in constructing sunshades, and by thus lowering

the temperature and by cleansing the reservoir, which will

^probably be kept at high level, has reduced the trouble in the

course of a few months almost to the vanishing point.

One of Huxley's determinations, in 18.S2, was that the facts

obtained iii his investigations were not favourable to the sup-

position that either pollution or overcrowding had much to do

-with the matter, and again, that we could not n)ake progress

until the relationship between the sporadic and epidemic phases

of the disease, as affecting salmon, became known. The mention

of salmon disease in the Fraser River, British Columbia, and

in the Castries Kiver, Siberia, does not, for climatic reasons,

affect the present case. I hav^ endeavoured to show that, given

pollution and high tem]>erature, there is great danger, and

that the trouble has been almost removed by reducing these to

normal conditions.
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APPENDIX.

List of Algae.

[* New Record for Victoria.]

1 - - From tlie Yana River at Pumping Station.

2 - - From Zoological (hardens Fish Ponds. (Water from

the Yan Yean and Maroondah 8ystem.s).

3 - - From the earth gutters of the fish ponds at Kevv.

4 - - From the wooden flumes at the tish punds at Kevv.

5 - - Removed from the fish.

6 - - In some ferruginously-coloured spring water about

2 cm. deep, among grass, hearing an iridescent

scum ; fish ponds, Kew.

Date—From January to May, 1910, excepting 1 and .^) noted

for January only.

ClILOKOPIIVCKAE.

1, 3 - Oedogonium sp.

3, 4, 5 Myxonema tenue (Ag.), Rabenh.

3 - - Mougeotia sp.

3 - - Zygnema sp.

2 - - Closterium Ehrenbergii, Menegh.
*'2 - - Closterium moniliferum (Bory), Ehrenb.

3 Closterium Dianae, Ehrenb.

6 - - Closterium .striolatum, Ehrenb.

4 - - Closterum sp.

2, 3 - Pleurotaeniuni (ioronatum (Breb.), liabniih.

3 - - Micrasterias Mahabuleshwarensis, Hobs., forma.

*3 - - Euastrum Turnerii, West.

*5 - - Penium libellula (Focke), Nordst.

5 - - Netrium digitus (Ehr.), Itzigs and Roths.

5 - - Desmidium Baileyi (Ralfs), De Bary, forma.

2 - - Cosmarium Hardyi, (!.'8. West.

3 - - Cosmarium renifoi-iue, l^alfs ('/).

3 - - Cosmarium sp.
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2 - - Pediastruni duplex, Meyen, var. reticulatum, Lagerh.

3 - Kirchneriella lunaris (Kirch.), Mob.

3 - - Aukistrodesnius falcatus, var. acicularis (A. Br.), U. S.

West.

3 - - Scenedesuius quadricauda (Turp.), Breb.

*1 - - Characiuni Pringsheiiuii, A. Br.

3 - - Sphaerocystis Schroeteri, Chod.

Bacillarikak.

3,
;") - Surirella robusta, Elirenb.

*6 - - Euuotia pectinalis (Kiitz), Rabenh.

3 - - Cocconenia laiiceolatuui, Ehrenb.

*3 - - Synedra pulcliella, Kiitz.

3 - - Navicula sp.

5 - - Gyrosigma elongatuin, W. Sm.

Myxophyceae.

3 - - Oscillatoria tenuis, Ag.

*3 - - Oscillatoria princeps, Vauch.

3 - - Phormidiuin tenue (Menegh.), Goni.
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Aki. Vll.

—

A Study of the Guttural Fouches of Horse.

By WALTER STAPLEY, M.D., M.R.C.V.S.

(Lecturer on Veterinary Anatomy and Surgery, Melbourne University).

[Read 26th May, 1910.]

A knowledge of comparative anatomy is apt to induce the

belief that many of the variations of structure existing in dif-

ferent species of animals is due to some form of force operat-

ing on animal tissues. An. excellent example of force dominat-

ing shape is displayed in the thorax of the horse. The weight

of the horse is largely carried on the sides of the ribs, from

which results a lateral narrowing of the thorax and a driving

backward toward the loin, of the lung ; consequently it becomes

necessary for the horse to carry eighteen pairs of ribs, so that

the thoracic content may be accommodated. Man's upright

position has removed lateral, restricting forces from the sides

of his chest; the lightness of lung tissue, unrestrained by such

pressure, has caused the human lung to encroach on the neck.

It is noteworthy that with ascent of the lung in tlie neck only

twelve pairs of ribs are found, and the last or lower rib usually

showing atrophic changes.

Cervical ribs are occasionally found in men and in women
;

they are, however, reported to be three times as common in

women as in men. AVhether they exist in aboriginals I do not

know. The fact that the costal breathing of cultured women is

said not to occur in native races leads me to think that in all

probability cervical ribs are conuiionly found associated witli

atrophy of the upper limb. Sui'geons have removed these neck

ribs for the relief of pain. This pain is regarded to arise from

stretching of the brachial plexus and the subclavian artery

;

it is not improbable that pain may occur during the develop-

ment of these structures from an irritated pleura. From this

irritated pleura arises the demand for a rib to protect the un-

protected lung, and the pain arising from the same source
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splints the area whilst the rib accustoms the structures, into

which it is tlirust, to the annoyance of the invasion.

I have prefaced my remarks on the guttural ])0uches of

horses by this reference to force operating on tho chest because

it sheds some sidelight on the more hidden force effects calling

into existence the hernial modifications of the auditory tube of

the horse. Between the lateral and median fibro-cartilaginous

laminae of the auditory tube the mucous membrane of the

tube finds its exit, in sac form, into the retropharynx. Such

an escape of the mucous implies an atrophy of the membranous

lamina of the auditory tube. The cause of this atrophy cannot

at once be seen by dissection. Searching these tissues to find

the cause of this obliteration of the membranous lamina we are

struck by two remarkable features in and about the throat of

the horse. First the narrowness is almost as striking as the

great depth of the inter mandibular space : secondly, the stylo-

hyoid bone (epihyal) reaches its highest development in the

horse. Upon these two facts lai'gely depends the development

of the guttural pouches. TTie mucous membrane of the tube

has probably been dragged out of the tube by adhesion of tho

stylo hyoid bone with the membranous lamina and through it

adhesion to the mucosa and stylo-hyoid has occurred. The

development of depth of the mandible caused a descent of the

larynx, with which organ were carried down the stylo-hyoid

bones. The nmcous folds once in the retropharynx were spread

to their present confines l)y flexion and extension of the atlo-

occipital joint, etc., through adhesion of tho submucosa with

the surrounding structures.

Atmospheric pressure has not produced these nuicous sacs.

They are to be found in the foetal foal ; they are delicate sacs

even in an old adult. Had they been submitted to pressure

during life they should show considerable thickening. The en-

trance to these sacs is of sufficient size to proliil)it pressure greater

than atmospheric within these sacs.

The narrow and deep space through which })asses the laryngo-

pharA'nx is roofed by the base of the skull : walled by the un-

yielding branches of the mandible and the modified digastric

muscle filling in the space between the wing of the atlas and

the cervical border of tho lower jaw ; tloorod i)V the larvnx
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lield firmly in. the fairway of inspii-ation so that descent of the

larynx is inhibited by the stylo-hyoid bones. Thus there is no

provision outside the (feep tunnel through which pass the larynx

and pharynx for expansion of the pharynx during swallowing,

etc. Tliis tunnel-space runs into a dome extension in the roof.

Down from the auditory tube into the dome of tJie retropharynx

these loose folds of pouches extend themselves into a space,

which, to borrow an expressive surgical term, may be termed

dead space—a space formed by the developed depth of the

jaw. In this space, enveloped by the mucous folds and encased

by the submucosa, the superior ganglion of the sympathetic,

the vagus, the hypoglossal, the glosso-pharvngeal, the spinal-

accessory, the mandibular branch of the fifth nerves and the

internal and external carotid arteries are found. These struc-

tures would, in this position, be damaged against such bodies

as the lip of the articular surface of the atlas and the stylo-

hyoid bone were it not that these folds endow the nerves and

vessels with the power of passive movement during either co-

ordinated or erratic muscular action. So freely do these nerves

move in the exquisitely delicate submucosa that some difficulty

is met in dissecting the pouches owing to the elusiveness of

these structures to the forceps. A very importanti function of

these pouches is the protection of these basal structures from

injuiy. Without the pouches filling the dead space at the base

of the skull (the retropharyngeal area) the grace of movement
shown in the head and neck of the horse would be lost. They
allow of free extension and flexion of the head, by the looseness

of the folds with their delicate submucosa adapting themselves

and their contained nerves to every movement so beautifullv

that nerve pressures or nerve pulls do not arise.

The air contained within these sacs probably plavs some
minor part in lessening the friction of movement by allowing

the mucous surfaces to glide over one another with as little

friction as occurs between serous surfaces. The guttural

pouches represent tissues modified by force operating through

the demands of speed and of food having devel<)))ed depth and

narrowness at the expense of breadth.

4\
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Art. VIII.

—

Note on a Haemogregarine in the Blood of

Varanus varius.

By J. A. GILRUTH, D.V.Sc, M.R.C.V.S., F.R.S.E.

(Professoi' of Veterinary Pathology in the University of Melbourne)

(With Plate VI.).

[Eead 26th May, 1910.]

Protozoa have been described as occurring in the blood of

nearly all animals, generally associated with a diseased condi-

tion of the host (as Malaria and Sleeping Sickness in man, and

Tick Fever in cattle), but not necessarily so, for the common rat

is often found to harbour a trypanosome which seldom, if ever,

produces any deleterious effects.

In many members of the Reptilia, especially the snakes, a

falciform protozoan parasite has been discovered affecting the

red cells of the blood. These parasites, in whatever species of

cold-blooded vertebrate, are found to bear so close a resemblance

to each other in general characteristics that, although by some

considered to belong to one or other of three genera (Lankes-

terella, Karyolysus, and Haemogregarina), they are now usually

placed in the one genus Haemogregarina of the family Haemo-

gregarinidae of the group Sporozoa.

In Australia the presence of the genus Haemogregarina has

been recorded in the blood of the Diamond Snake (Python

spilotes Lacep), the Native Cat (Dasyurus viverrinus Shaw),

in a Marsupial Squirrel {Petaurus sciurus Shaw), and in the

Northern Carpet Snake {Python amythestinus Shaw), amongst

native fauna, and also in the common rat (Mus decmnanus)

both in Sydney and Western Australia.^ So far as I can find

Haemogregarines have not been described in Australian lizai-ds,

though they have been elsewhere observed in species of Varanus,

including one {H. borreli) from Varanus griseAis described by

1 See Pro. Linn. Soc. N.S.W., 1909, p. 400 et seq. On some " Haemogregarines from

Australian reptiles," by T. Ilarvej' Johnston.
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Nicolle and Comtek and one {H. Varani) from V. niloticus by

Laveran.'^

Recently while on a visit to the northern part of this State

I had an opportunity of making post-moi-tem examinations on

two " Goannas " (Varanus varius) immediately after they were

shot, and some smears were made of the blood of each for sub-

sequent examination. In the smears of one—that of a very

young specimen—no parasites could be detected. But in those

from the other-^an animal in very fat condition, measuring

about two feet from tip to tip. so not full grown—a number

of red blood corpuscles were found to contain a parasite having

all the characters of a Haemogregarine.

The blood smears before examination had been fixed in

alcohol, and stained by Giemsa's double stain, and the follow-

ing are the characters observed :
—

The parasites are not numerous, in one slide only half-a-dozen

intra-corpuscular bodies being detected. Some of the affected

erythrocytes are distinctly larger than noinnal, though usually

there is not any difference in size. The size of the affected red

corpuscles varies from 14-17 microns long and from 8-11 microns

wide, while the size of the unaffected ones rarely exceeds 14

microns long and 8 microns wide. The cell nucleus is fre-

quently enlarged and generally eccentric, often lying close to

the edge of the cell. The parasites themselves . vary in size

from slightly in excess of the length of the nucleus to a length

exceeding that of the blood cell, when they may be seen distinctly

curved inwards at either extremity. As a rule a concave border

is presented towards the cell nucleus, buti in one or two in-

stances the convex border may be seen so disposed. The " cap-

sule " is generally distinct, though in some cases indefinite.

The nucleus of the parasite is almost invariably situated in the

third nearest the broader, generally considered anterior, ex-

tremity. It sometimes appears as a kind of band, and in the

majority of cases is sharply defined, but in one or two instances

appears more or less diffuse. Tlie cytoplasm is finely granular

but often stains irregularly. The blood cell does not appear to

1 C. R. Soc. Biol., vol. Ixi.

2 C. R. Soc. Biol., vol. lix.
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be affected in any way beyond the increase in the size of the

nucleus and the occasionally observed increased size of the cell.

In addition to the intra-corpuscular parasitic bodies a large

number of free bodies, broader and shorter than the gregarines

(8.4 to 9.8 microns long and 4.5 to 5.6 microns wide) may be

seen in the smears. Tlie great majority are slightly ovoid, but

some are somewhat curved. Although staining fairly uniformly

with the basic blue stain, a number show a double irregular

rod-like body centrally situated, lying longitudinally. Similar

bodies are not present in the smears from the other Varanus,

so while it is possible these may be extra-corpuscular forms of

the gregarine, at present one cannot be definite as to their

nature.

As the literature referring to Haemogregarines in other

Varanidae is at present inaccessible to me, I refrain from

attaching any specific name to the parasite now recorded and

described.

EXPLANATION OF PLATE YI.

1, 2, 3, 11, L3 show definite capsules.

2, showing apparently divided nucleus.

4, unaffected corpuscle.

7 and 8, extra-corpuscular bodies.

10, showing: " banded " nucleus.
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Ak'!\ I'K.—On (t Nevj Species of Celle'poixi from the

South Australian Coast.

By C. M. MAPLESTONE.

(With Plates VII.-IX.).

[Read 9th June, 1910.]

Some seven years ago Dr. Verco of Adelaide, S.A., sent to

the late Mr. J. Dennant some Corals and Polyzoa which he had

dredged in South Australian waters. The Polyzoa Avere sub-

mitted to me for examination, and among them I found four

new species, three of which belonged to Selenaria, and as I

was then dealing with some fossil Selenariidae, and as these

recent forms enabled me to correct some errors that had arisen

with regard to the names of the species, I included a description

of them in a paper treating of the Australian Selenariidae

generally ;

** but being busily engaged with the fossils I did not

then describe a very interesting massive form which was new.

Having at the time returned the specimens to Dr. Verco, I

lately asked him to kindly send me a typical specimen for

description and presentation to our Museum, and' he most gene-

rously sent me a fine series of specimens, and stated that I was

quite welcome to present them to our National Museum, which

I have done.

Tills new species is

Cellepona verticalis, n. sp. (Pis. VII.-IX.).

The zoaria are tiabellate and proliferous, being composed of

vertical laminae, of which there are at first generally three

(sometimes four), in an upright position connected at their

inner edges, or rather extending from a vertical central line

laterally. Afterwards other laminae are formed, generally at

obtuse angles, one after another, until the zoaria are extremely

1 Proc Roy. Soc. Victoria (n.s.), pt. ii., p. 20, et seq.
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complicated in structure. Tlie laminae first formed consist of

two single layers of zooecia, back to back, but subsequently

they are overgrown with other layers of zooecia, until the

laminae become thick and solid. All the laminae are j^erpen-

dicular to the base of the zoarium, and this disposition of

them is a constant feature, distinguishing the species from all

other flabellate massive forms.

Zooecia elongate, oval ; surface granulated, with occasionally

a feAv pores, and with a few larger granulations or nodules round

the margin ; quite distinct and ventricose in those recently

formed, but in the older ones the front wall is more highly

calcified and the whole surface is raised, so that they appear

quite immersed and only partially defined by a few marginal

nodules, and the thyrostomes are in a depressed area. Thyros-

tomes subtri angular, distal angle rounded, proximal margin

slightly curved. Ooecia globose, surface granulated ; in the

centre of the front wall, above the aperture, is a large, long,

upright, elliptical area (sometimes slightly irregular in shape),

with a membranous covering ; ooecial opening and operculum

subtriangular. Locality, Spencer Gulf (the largest specimen

only), and Backstairs Passage, South Australia.

As above stated, the zoaria are composed of vertical laminae;

the primary ones are generally three in number, and soon

branch off at various obtuse angles to one another ; the laminae

are flat or nearly so, and all, even the smallest, are perpendicular

to the base. In the simplest forms the laminae are few in

number. One specimen has only three, joined vertically in the

centre at an angle of about 120 degrees, it has developed no

additional laminae, but the zooecia have grown, layer upon

layer, until they are very thick. Dr. Hall has kindly photo-

graphed two of the specimens to illustrate this paper. The

largest one (PL VII.) is 9 inches long, (S inches wide, and 7

inches high, very solid and stony, some of the laminae being

nearly half an inch thick, and the base is two inches in diameter.

In the other specimen photographed (PI. VIII.), the laminae are

very numerous ; there are, counting great and small, no less than

40 distinct laminae on it, most of which are composed of only

two layers of zooecia ; the photograph is taken looking down

upon it, so as to show more clearly the disposition of the

laminae.
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The original laminae are formed by the growth of two single

layers of zooecia, back to back ; these eventually being in most

instances overgrown with fresh layers of zooecia until, as in

the largest specimen, the thickness is very great. In some of

the specimens a new layer of zooecia can be seen extending it-

self over the surface 'of the older zooecia, and the front walls

of these older zooecia have become highly calcified, so as to

cause the zooecia to appear to be immersed in the substance of

the zoarium and to be almost indistinguishable from one

another. In the new layers the zooecia are quite distinct ; Plate

IX. Fig 1 shows some zooecia on the growing edge.

One of the specimens has died of old age, or disease, f(jr the

various laminae, which are very thick, have become split down

their centres, the bases of the primary layers of zooecia having

separated from one another, and the zoarium is in separate

segments, which can be fitted together to show the original

form.

The ooecia (PI. IX. Fig. 2) are very remarkable, owing to the

presence in the front wall of an upright, elongated, ellijjtical

area, with a membranous or chitinous covering, which does not

aj)pear to be of the nature of an operculum, as there is no trace

of any hinge ; it has come away slightly at the edges in some

instances, but that is probably owing to shrinkage in drying.

This structure, together with the peculiar zoarial form, is prob-

aljly sufficient to warrant a new genus being established for its

reception. However, at present I tentatively place it in Celle-

jiora.

EXPLANATION OF PLATES VII.-IX.

Platk VIL

Cellepora verticalis (massive zoarium). .', nat. size.

Plate VIII.

Cellepora verticalis (multilaminate zoarium). ^ nat size.

Plate IX.

Fig. 1.—Cellepora verticalis (zooecia at growing edge), x 48.

,, 2.—Cellepora verticalis (ooecia and older zooecia). x 48.
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Art. X.

—

Ohxrrv<ili(>ns on Parmidaria obliqua and a

Fossil Species.

By C. M. MAPLESTONE.

(With Plate X.)

[Eead 9th June, 1910.]

Parmularia obliqua, McG. (PI. X.)

Dr. Yerco also sent me some specimens of Parmularia

obliciua, a species which I had not before seen. This species is

described by Dr. MacGillivray under the name of Eschara

obliqua in Prof. McCoy's Prodomus of the Zoology of Victoria,

Decade V., page 39, plate 48, fig. 1, from the only specimen he

had seen, collected at Schnapper Point, which was imperfect.

Kirchenpauer also described the same form under the name of

Eschara reniformis in the Catalogue of the GodeffVoy Museum.

The specimens Avere dredged in Backstairs Passage and Gulf

St. Vincent, S.A., at from 14 to 24 fathoms. They include one

adult form, which is kidney-shaped, 25 mm. wide and 17 mm.
high ; it is composed of two layers of zooecia, back to back,

and bears numerous ooecia. The other specimens are younger

forms, and have not developed the kidney-shape of the adult

nor ooecia ; they are either fan-shaped, with obtusely crenated

edges, or are palmate ; in them the zooecia are arranged in

regular rows, and in the palmate form illustrated is shown such

a symmetrical and beautiful arrangement of the zooecia that

I consider it worthy of illustration.

This species is particularly noticeable on account of its

growth and habit : it does not, like most other calcareous poly-

zoa. grow upon the surface of rocks, algae,- shells, etc., but is

furnished with a long flexible stem or filament some 6 or 7

cm. long and 2 mm, thick, upon the sumniit of which the

zoarium is attached. The point of attachment is at the

curved indentation in the centre of the lower margin of the

zoarium. Tlie filament is, Dr. Verco informs me, in the living
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state succulent, translucent and of a ])ale tlesh colour, or

ver)' lijzht terra cotta tint.

The course of the development of the stem and the zoarium

presents a Ijioloirical puzzle. As a rule the development of poly-

zoa commences with a swimming larva, which ultimately

settles down and becomes attached to some foreign sul)stance,

and forms a primary zooecimn (ancestrula), around or upon

which other zooecia grow. It is doubtful if this species could

begin its existence in this way, because if the primary zooecium

were firmly attached to any foreign substance the stem could

not grow. An examination of the specimens does not disclose

any signs of a single primary zooecitun ; instead of which there

is a row of zooecia (16 in the specimen figured), somewhat dif-

ferent in form from the succeeding ones, from the bases of

which there are ntimerous short filamentary processes which

project over the cavity that in the living state was occupied by

the stem, and which apparently were embedded in it and by

them the zoarium was attached to the stem.

In connection with this species I would wish to state that,

owing to my not having then seen a specimen of it, I described

in Part VII. of my " Further Descriptions of Victorian Tertiary

Polyzoa •'
(P.R.S.. V. Vol. XIV. (New Series), Pt. II. p. 68, pi.

VIII. fig. 10). under the name of Schizoporella flabellata, a form

which belongs to the genus Parmularia, and that consequently

its name mtist be altered to " Parmularia flabellata "
; it differs

from P. obliqua in that the zooecia are perpendicularly

arranged, not obliquely, and the form of the zoarium is elon-

gated and elliptical, not broad .md fan f)r kidney-shajied.

DESCRIPTION OF PLATE X.

Parmularia oblicjua. x 8.
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Art. XI.

—

Notes on the Geology of the Country about

Anglesea.

By T. S. hall, M.A., D.Sc,

University of Melbourne.

(With Plate XI.)

[Eead 9th Jirne, 1910.]

The hamlet of Anglesea lies near the mouth of the so-called

" river " of the same name, eight miles in a direct line south-

west of the mouth of Spring Creek, the typical locality of the

Jan Jukian beds of the tertiary series. The old name of the

Anglesea River was Swampy or Salt Creek. Six miles further

to the south-west. Airey's Creek enters the sea at Airey's

Inlet, and from here eight miles away across Loutit Bay, the

houses of Lome may be seen nestling on the wooded flanks of

the Otway Hills.

Previous references to the geology of the district are scanty.

Daintree in 1863, after briefly discussing the section displayed

at Bird Rock, mentions, half-way between Point Addis and Jan

Juc, the presence of cliffs of sands, black with carbonaceous

matter. In them, he says, " a remarkable instance of the pre-

servation of fossils occurs. All the large imbedded shells are

entirely decomposed, and where their casts remain they are

imperfectly rendered in iron pyrites, whilst minute foramini-

ferae, abundant in the rocks, are preserved intact."' He does

not say whereabouts in his series he would place these beds.

Krause, in 1871, after a very hurried survey, roughly mapped

the Cape Otway District, and several notes are given on the

coast between Spring Creek and Point Castries, where the ter-

tiaries thin out on the Jurassic strata. A few corrections in

detail are required. Thus the dips given are usually the

apparent, and not the true ones. A creek is shown entering the

sea on the east side of Point Addis, and another about a mile

east of Salt Creek (Anglesea River), though neither of these
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exist. Still, the map is useful as far as it goes, and, consider-

iuLT 'lie amount of ground Krause had to cover in the time

allotted, the result as a whole is one we must thank him for.

Mr. J. F. Mulder, in 1893, gave a list of a dozen species of

fossils from the Airey's Inlet limestone, but added nothing

further to our knowledge.

The coast betw'een Spring Creek and Rocky Point, a dis-

tance of about two and a-half miles, has been briefly described

by Professor Tate and Mr. Dennant in 1893 and 1895. Mr.

Pritchard and I also discussed the relationships of the same beds

in 1896.

Mr. A. G. Cauipbell. in a short sketch of the botany and

geology of the coast between Point Addis and Anglesea, mentions

the tall cliffs of mud-like material," and refers to " somewhat
similar beds beyond Anglesea, containing fragments of volcanic

scoria to the size of a football, and an occasional waterworn

basalt pebble," and thinks that " these clayey cliffs mark the

proximity of once-extensive lava-fields, long since disappeared."

The fossiliferous yellow limestone of Rocky Point continues

along the coast to the south-west for about the third of a mile,

and on rounding a small point it is seen to overlie i^urple and

black, sandy clays, and to dip E. 10 degrees S. at 5 degrees or

6 degrees. The inward sweep of the bay has cut out the lime-

stones from the cliff face, and inland they have been removed

b}' denudation, their thickness being small. A couple of miles

further on Point Addis forms a low but prominent headland,

which is capped by the same limestone to a thickness, according-

to Krause, of 60 feet. Between Point x\ddis and the previously

mentioned point three reefs occur in the sea^ which are in a

straight line, and evidently are due to the induration of bottom

beds of the limestone.

The Point Addis limestones are yellowish in colour, and in

places veiy concretionary and ragged. Quartz sand of a

roughened, granitic character is of frequent occurrence, and at

times forms thin bands. Indurated bands and patches are

common, and the rock is in places quite cry-stalline, a character

previously referred to by Mr. Pritchard and myself, and be-

lieved by us to be due to the impervious sandy clays on which

the calcareous series rests. The variety of fossils is small, but
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the locality is reiuarkiil)le for the extreme abundance of Cassi-

iliilus (lustrdlKte (Duncan), while M oiidxi'lld fom pta (T. Woods)

is almost as plentiful.

The purple and Ijlack clays, which are seen in cliff section to

underlie the limestones, are weathered to a lighter hue in their

more superficial parts, and it is chiefly to this weatherintr that

the various beds measured by Krause, and recorded in a note

•on his map, are due. This section is the one previously men-

tioned by Daintree as containing pyritic casts of mollusca and

unaltered foraniinifera. I have never carefully searched for

fossils, and have seen none in the beds. Daintree evidently

regards the black beds as the equivalent of the marine series

of Bird Rock, though he is not clear on the point. On rounding

Point Addis, and traversing half a mile of sandy beach, a small

point is met with, consisting of ferruginous sands, and quartz

conglomerates. This is known as the Black Rocks. From here

to the mouth of the Anglesea River the coast is marked by

vertical cliffs of black sandy clays. These beds are similar

to those on the other side of Point Addis just referred to, and

.are of a very striking character. Beyond the mouth of the

river, after passing a small strip of sand dunes which mark the

extent of oscillation of the mouth, we encounter an outcrop of

ferruginous conglomerates and sands interbedded in the black

sandy clays, but of only small lateral extent. They foi'm a small

point on the beach, and are very similar to those at the Black

Rocks. The sands and clays form cliff's of gradually lessening

height from here to the shoreward end of Point Roadkniglit,

which is formed entirely of dune limestone.

At the mouth of the Anglesea River the older tertiary

forms the east bank, and a hard outcrop occurs on the beach.

It also forms a reef bare at half tide a short distance oft' shore,

while another reef of perhaps a similar character, the " Here-

ford Reef," from the name of a ship wrecked on it, occurs a mile

to the east. Banked against the older rock at the river mouth

are a few small patches of indurated sand forming a small

raised beach. In this I found several i)aired valves of Chume
scalarina in the living position, and some large examples of

Lampania australii. Krause, on his map, marks " sandy lime-

stone " here, and probably refers to this small outcrop.
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The black, sandy clays Ijctwoeii liere and Point Addis are

Aveathered to a fawn colour in their upper part, and the chani^e

to purplish black is rather sudden. As the weathering follows

the contour of the ground, the beds appear to form a gently

swelling anticline, with the lower beds showing to a thickness

of about 40 or 50 feet in the middle of the section. An exami-

nation, however, shows that the appearance is deceptive, and

is merely a colour ett'ect.

The chief peculiarity in the black series is its jointing. In

one place not far from Anglesea rectangular prisms, with a

four or live inch face, are developed, the joint faces being verti-

cal. In other places, and far more commonly, great sheets

flake off the vertical cliffs and fall or hang in threatening posi-

tions nearly a hundred feet above the beach. Still nearer to

Point Addis, for over half a mile, the cliffs, here about 150 feet

in height, form a confused mass of tuml^led heaps. The dip of

the undisturbed strata is small, but holds steadily to seaward

along the straight coastline, and great masses have apparently

glided down the dip-slope and formed the landslips. The di])

can be seen along the shore towards Point Eoadknisht, and on

a small point a couple of miles west of Point Addis.

The siliceous grits which were noted in the lower part of

the Addis Limestone also occur in the underlying series even

down to the lowest part of the black beds. They seem to grow

coarser near the top of the cliffs, and small beds of waterworn

<|uartz-gravel occur frequently here, near where the limestone

jirobably once lay before its removal by denudation.

In the black, unweathered beds seams and small nodules of

iron pyrites are of comniion occurrence. The weathering of tliis

into copiapite was noted by Daintree, while near Point Jioad-

knight alum occurs as an incrustation which has a greenish

tinge.

Remembering Daintree's record (if jiyritic casts from the i)eds

near Point Addis, I searched for a long time near Anglesea

for fossils in these barren beds. The occurrence of li<jnitio

fragments, which are fairly common in places, gave me the idea

that perhaps the beds were, after all, of freshwater origin, l)ut

later on this idea was dissipated by the finding of a tooth of

OdoiitdpiH contortidens Ag., and numerous examples of fora-
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minifera, as recorded by Daintree, and mentioned above. These

have kindly been identified by Mr. F. Chapman. ] found no

pyritiu casts of molluscan or other shells.

The oxidation of the pyrites has evidently given rise to the

linionite, or at times haematite, which had cemented the sands

and conglomerates at many exposures ; for instance, the Black

Rocks, near Point Addis, the similar rocks half a mile west of

the river mouth, and the ironstone hill on which the Anglesea

Hotel is built. Similar ironstone conglomerates occur on the

river banks higher up, and at many places on the roads lead-

ing to Jan Juc and Ai rev's Inlet. Moreover, wells sunk at a

farm a mile inland up the valley yield water so highly mineral-

ised that it is useless for stock or for garden use, pi'obably from

dissolved sulphates.

A mile west of the mouth of the river, the face of the cliffs,

which rapidly decrease in height as we approach Point Road-

knight, are occupied by extensive landslips, which are well

overgrown' by trees at their northern end, but broken and

crevassed along the sea front, and evidently have moved quite

recently, as the surface is bare of vegetation. An examination

of the cliff face shows that the overlying sandy strata have

moved over a clay bed of a peculiar nature, which passes below

sea level with a steady southerly dip. The bed of clay, which is

about twelve feet thick, when traced easterly soon runs up to

the top of the cliff, and cuts out at the top, the cliff being

about 80 ft. high. The underlying beds are evidently the re-

presentatives of the black series further east, but are bleached

to a greyish hue. Hereabouts they are protected by Point Road-

knight from the rapid wearing by the sea, and there is time for

weathering to act on the face, while further eastward the un-

sheltered cliffs are rapidly cut back.

The clay bed mentioned above is, as already stated, about

twelve feet in thickness. Its ground mass is bluish grey, and

scattered through it are white angular pieces of clay, rarely

more than an inch in diameter. On tracing the bed to a

small point, which can be passed round at about half tide, we
find it has slightly altered in colour, being of a greenish grey

hue, and is carved into small pinnacles and chasms by *the

waves. The whole uiass can be cut easily by the knife, but
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here and there t'ra<rinents of what appear to be basaltic scoria

are to be found. They are, however, quite decomposed to clay,

and only the weathered face gives any clue to their nature.

Search aniontr the pebbles at the foot yielded a few fragments

of dense basalt, which may or may not have been derived from

this bed. The clay conglomerate contains a few quartz pebbles,

and sand grains are coinmon, while a few rock fragments occur

which all seem to be derived from rocks similar to the tinder-

lying series, and of tertiary age.

The great bulk of the bed is evidently made up of fragments

of a basaltic rock, and I feel convinced, that it is a tutf. The

thick tuff beds associated with the Airey s Inlet basalt are, it

may be mentioned, only about three miles away along the

coast. Mr. A. G. Campbell, who noticed the basalt fragments

iibout here, believed that the bed was derived by denudation

from a basalt flow.

If the clay bed be really a tuff, it then throws interesting

light on the Spi'ing Creek series, as well as on that of Airey's

Inlet. To this I shall refer after a short description of the

latter.

In walking to the westward along the coast from Point

Koadknight, we see very little but sand dunes for about three

miles, when we encounter cliffs of yellowish and drab tuft's.

< )verlying these is a series of ferruginous sands and gravels.

The tuffs are splendidly shown in cliff' section for a couple of

miles to a thickness of from 20 to 30 feet. They vary much in

the size of the component fragments, and are very much de-

composed. In places basaltic fragniients up to two feet in

diameter are common, together with fragments of sandstone

and shale of doubtful age. Near Eagle's Nest solid basalt forms

the base of the cliffs, and underlies the ash beds. As a rule the

liasalt is black and dense, but occasionally its upper part is

vesicular, and tilled with amygdules of lime. It is possible that

a careful examination of the dip of the tuffs may fix the site

of the vent which cannot be very far away, if we may judge

by the size of the included fragments. It is probable that it

lies out to sea.

The upper surface of the basalt has been deeply denuded,

and on thi'^ worn surface lie the Airey's Inlet Limestones. These
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ure yellow detrital limestones, very siniilai- to those of Point

Addis in every way. (^)uartz ji'rains are plentiful, and the same

fossils occur, polyzoa making up the bulk of the rock. At Split

Point the surface of the underlying basalt is cut by cluinnels,

and is very bouldery, so that the limestone forms deep pockets,

and in cliff section islands of limestone appear in the basalt,

the connection with the overlying beds being not ahvays shown.

Some of these pockets go down twenty feet below the main

mass, and in them the rock is quite unaltered and similar to

the massive beds above, so that fossils may be easily picked out.

Where the limestone overlies the ash beds it is generally

changed to a pink crystalline rock of varying thickness.

As pointed out some years ago by Mr. Pritchard and myself,

the contact of the limestone and basalt is a repetition of what

is found near Maude, a feature which struck us when we visited

Split Point in 1894.

The Jurassic rocks of the Otways come in on the shore line

near Point Castries, about four miles further to the south-west,

and between Point Castries and Airey's Inlet occurs a series of

beds which are clearly of tertiary age, but whose relationships

to the beds further east has been matter of doubt. They have

been described in some detail by Krause, since, close to the

Jurassic, they contain small lignite seams. Tliey are as a rule

very sandy, and in places quartz gravels occur, and at Point

Castries Krause notes black clays resting on the Jurassic.

It seems almost certain that these western beds represent the

black beds of Anglesea, and are of fresh water origin. As we

go north-east along the coast, the influence of marine conditions

is more strongly felt, and. near Anglesea marine fossils, as men-

tioned, are sparingly found. Still further on the character of

the ])eds beneath the yellow limestone changes
;

gravels and

grits disappear, and at Rocky Point marine fossils of all kinds

are common, the beds becoming richer as we approach Bird

Rock. Tlie limestones of Airey's Inlet (Split Point), Point

Addis, and about the mouth of the Jan Juc Creek, seem to be on

the same horizon, as the echinoderm fauna at an}' rate appears

to show.

If the bed described near Point Roadknight be indeed a tuff.

as I am strongly inclined to think, then it is almost certainly
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:a part uf the Aiivv"s Inlet tuffs, and these are, if my inferences

be correct, contemporaneous with part of the Spring Creek

lower beds or of Jan Jukian age, and to the same series must

be referred the beds between Airey's and Point Castries.

Krause has marked on his map, and described in his notes

a division between a lower series of rocks which he calls

Miocene, and an overlying series which he calls Pliocene. The

Miocene " is n)apped only along the sea coast, with an exten-

sion up the valley of Spring Creek, owing to the removal of

the overlying " Pliocene," but I do not know on what this sub-

•division rests, and am unable to see any justification for it.

Physiographically the country between Geelong and Angle-

sea is a coastal plain, with a mean elevation of perhaps two

hundred feet. From west to east across this a broad valley, five

or six miles Avide, has been excavated, and subsequently partly

flooded by a series of lava flow's of " upper volcanic " age. This

valley is drained mainly by Thompson's or Bream Creek. Tlie

lava is a tongue from the western plains, and comes down the

Barwon Valley from the south of Winchelsea. The River Bar-

won turns abruptly north near this town, but probably its old

course was along the wude, mature valley now occupied by the

lava flow, which enters the sea as a broad flood between the

mouths of the Barwon and Bream Creek.

As this valley is excavated in sandy beds which crop out ex-

tensively along its margin, it is evident that a considerable

part of the rainfall is probably absorbed, and sinks below the

basalt. Tliis being the case, it seems almost certain that a line

of bores across the lava, stream would tap a supply of under-

ground water, which would l)e of value in augmenting the de-

ficient suninier supply of this area. As is usuall}^ the case in

basaltic country, what streams there are, are highly mineralised,

and the dissolved salts flocculate the suspended clay, and so

cause its precipitation, leaving the water clear, and an object

of suspicion to the traveller. The old bush maxim is justified

which says, of two streams choose the muddy (tno as being

probably better water.

The coastal plain is sandy, and the soil is extremely poor, so

that the timber which grows on it to the south of .Iai\ Juc

iiffords only second-rate firewood, and is fit for little else. As
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we approach the phiteau near Anglesea from the hiva-tioored

valley, the heights are rather striking, and are dignified by

the name of the Anglesea Ranges. Once on the plateau the

eoast road easily avoids all valleys, and runs level till the

Anglesea Valley is reached. This near its mouth is about three

miles wide, and is trenched to a depth of about 200 feet. To-

wards Airey's Inlet the elevation increases as the beds begin

to rise on the flanks of the Jurassic, and the streams have

greater cutting power, and are more numerous, so that broad

stretches of level country are less frequent.

Airey's Inlet is curiously named, for there is no inlet from

the sea ; the small creek is usually barred completely by sand

banks, but was possibly opened by floods at the time it was

named.

The valley of Spring Creek is a modern one, and is steep-

sided near the township of Jan Juc, where a faii'ly fertile soil

is derived from the waste of the earthly limestones exposed.

I give a list of the fossils I have identified frou) my gather-

ings at Point Addis and Airey's Inlet (Split Point), and quote

their Spring Creek record:—
Airey's. Addis. ^^

Paradoxechinus novus, Laube 1 1 1

Monostychia australis, Laube 1 1 1

Scutellina patella, Tate 1 1 1

Fibularia gregata, Tate 1 — 1

Cassidulus australiae, (Duncan) 1 1 1

Eupatagus murrayensis, Duncan 1 1 1

Eupatagus rotundus, Duncan — 1 I

Duncaniaster australis, (Duncan) i — 1

Pcntagonaster sp — 1 —
Terebratulina catinuliformis, Tate 1 — 1

Magasella compta, Sow 1 1 1

Dimya dissimilis, Tate — 1 1

Pecten hochstetteri, Zittel — 1 1

Spondylus gaederopoides, McCoy — 1 1

There is thus an aln>ost complete identity of fossil contents,,

and the beds are on the same horizon.
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SUMMARY.

The polyzoal limestones of Airey's Inlet, Point Addis and

Spring Creek are on the same horizon. The black sandy

clays of the Anglesea coast are of marine origin, and are

apparently the equivalents of the rich marine beds of Spring

Creek to the eastward and of the lignitic series which rests on

the Jurassics to the west of Airey's Inlet. The presence of a

tuff interbedded with the sandy clays of the series at Point

Roadknight goes to show that the basalts and tuffs of Airey's

Inlet are intercalated in beds which are the equivalents in age

of the marine clays of Spring Creek. The older l)asalt of this

district is then of typical Janjukian age.

The country between Geelong and Anglesea is a coastal plain

trenched by a broad, mature valley floored by basalt. This is

probably the old valley of the Barwon, which entered the sea

not far from its present mouth. Near Anglesea the coastal

plain is not greatly dissected.
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Atriplex patulum, L. vai- hastata, Gray. (A. hastata L.).

(Chenopodiaceae).

H. B. Williamson, Foreshore, Geelong, April, 1910 : Railway

Reijerve, N. Melbourne, J. R. T'ovey and C. French, junr., April,

1910.

A. patiilum has already been recorded as a naturalised

alien, but not this variety, which is still recognised in the Kew
Index and in Engler's Pflanzenfaniilien as a distinct species,

although both Gray and Bentham have shown the necessity of

including it with other forms, as varieties of or subspecies of

A. patulum.

BUPLEURUM ROTUNDiFOLiUM, L. (Uuibelliferae). "Hare's ear."

Lower Loddon, R. Thorn, 1882 ; Huntly, L. Fraser, Nov.,

1875 ; and various Victorian localities ; near Sydney (New

South Wales); Dr. WooUs, Oct., 1871.

Naturalised as an alien in Victoria, but not previously re-

corded.

The plant has been by some identified as £. protractnvi,

Hofif. and Link. If this species is valid, it is distinguished by

1 No. 13 in vol. xxi., 1910, p. 315, of the Proceedings of this Society.
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the stem-leaves bein^- iiiucli longer than they are broad instead

of nearly circular as in the present specimens, with less than

5 bracts : the number of bracts in the umliels of both forms

varies from 3 5. rarely more. The i>lant is native to the

Mediterranean re<i-ions, and has hence spread to Europe, Asia,

North America and Australia.

BuRSAKiA SPINOSA, Cav. (Pittosporeae).

Various forms of this pleomorphic species have been described

as distinct species at different times, upon variations in the

shape and size of the leaves, presence or absence of spines,

hairs, size of the adult plant, etc. Such characteristics are,

however, precisely those most liable to local adaptive modifica-

tions and least reliable as specific distinctions. A careful

examination of the 200 odd specimens from all parts of Aus-

tralia existing at the National Herbarium shows that 3 fairly

marked varieties of this species can be recognised, but that

even the most nuirked one (var. hicana) is connected with the

type and with the other varieties by numerous intervening forms.

The forms are :
—

Bursaria spinom. Cav. The " type '" form is merely what

remains when the three varieties are removed. It comes from

all parts of Australia, and includes at least 20 intermediate

forms. It varies from a shrub to a tree 40 feet high, and

is usually without spines.

Var. incaua This form has long, narrow more or less pointed

leaves up to 3 inches or more in length, with a white tomentum on

the under surface. It is comnionest in tropical Australia, and the

pons are usuall v rather larger than in the other forms. In the west

and south of Australia specimens are found with shorter and

broader leaves, but the tomentum still present. {B. incaua, Lindl.)

Var. luzurians. This has also large leaves, but they are shorter,

tomentum on the under side. In other respects it is identical

with the ' type.'' It appears to be commoner in the S.E. of

broader and more obtuse than in var. incaua and have no

Australia, particularly in moist valleys near the sea coast, but

also extends as far North as Queensland. It may include the

B. tenuifdlid of liailey. (Flora of Queensland, p. 72), but no
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authentic specimens of that variety have l)een seen. The " B.

Pantoni" of W. R. Giiilfoyle (Yict. Naturalist. Vol. XVII.,

1900, p. 42) is merely a form of B. sjn'iiosa approaching towards

this variety.

Var. min-()]i]n/ll(i. The leaves vary in shape, but are always

small, often less than half a centimetre in length. Most of

the shrubby, spiny specimens come under this variety, which

mainly occurs in New South Wales, Victoria and South Aus-

tralia, although it also extends as far north as Queensland. A
•specimen from Stawell (F. M. Reader, 1904) is interesting in

having tlie leaves with the tomentum of var. incatia on the

under sides, but being otherwise identical with var. mirro-

Apparently Bursaria spitiosa is a plant which has spread

over Australia in comparatively recent times, and is in process

of adaptive modification into at least three and possibly more

distinct species. Since all the connecting links vstill exist,

however, it is not possible to separate these forms into distinct

species, and the decision, whether a particular specimen belongs

to a variety or the type is often merely a matter of choice.

Ckntaurea nigra, L. (Compositae). "Knapweed."

A native of Europe, now growing wild, and sufficiently

established to be considered naturalised at Sale, Gippsland,

Williamson ; Freeburgh, N.E. Victoria, per Dejjartiment of

Agriculture, February, 1910 ; Terang, C. B. Palmer, March,

1910.

It has suddenly appeared at several localities, probably spread

with a batch of impure agricultural seed, and is not likely to

die out again. Though useless the plant is not prickly or

obnoxious in the same way as is the Star Tliistle (('ciitdin-ea

cahitrapa.) It is not, however, an alien to Avelcome.

Chkxopodium rubhum, L. (Chenopo(liaceae).

" Red Goosefoot."

Railway Reserve, N. Melbourne, May, 1900, C French, jnr.,

and J. R. Tovey.
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Tlie plant is a native of Europe and of Kussian Asia except

at the extreme north. It grows on roadsides, rubbish heaps,

old manure tips and waste places, and is usually easily re-

cognised by its i)eculiarity of turning red, fii'st on the stems,

and especially when near the sea. In Victoria it has probably

been frequently mistaken for CJieNo/iijdium i/nira/e, which is

native, and which it resembles externally. The exotic C.

iirJticii/n L., to which it is closely allied, does not as yet appear

to hav^e entered Victoria.

The plant is not poisonous. Its young shoots and leaves

have been used as a kind of spinach, and it also has a slight

value as a low grade fodder plant, especially for sheep. In

cultivated land it readily Ijecomes a troublesome weed if

neglected.

Chorizema nervosa, T. Moore. (Leguniinosae).

Near Cape Arid, West Australia, 1875 ; Maxwell, West Aus-

tralia; T. Drummond, No. 2;*) (not of 6th Coll., possibly of 5th

ColL).

The latter specimen was placed under (^axtriJohiinti Jiidcns

Meisn., by Mueller, as the type of that species in Australia

on the basis of Bentham's reference to No. 2.3, Driunmond's

6th Coll. as Gastroh)hiuiii hidens. Noting the discrepancy in

the description a portion of the type of the true G. hidens was

obtained from Kew, which proved to be a different plant, and

the identification was corrected as above. Chorizema nervosa

is the No. 25 of Drummond's 5th collection. The present No.

23, may be of the 5th or some other collection, l)ut not of the

6th collection.

EiiRHARTA PANiCEA, Smith. (Gramineae). (E. erecta, Lam).

Goulburn, Nov., 1904 ; C. Walter (])rol)al)ly i)lanted as a pas-

ture grass) ; Domain, South Yarra, J. W. Audas and Colonel

Goldst-ein, March, 1910 (growing wild as a garden escape).

This S. African grass is a perennial with more or less creep-

ing stems. It has a certain value as feed for grazing stock, but

only grows well in fairly moist or protected shady localities.
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In gardens and cultivated land it would be apt to become a

troublesome weed.

EscHSCHOLTZiA CALiFOHNiCA, Cham. (Papaveraceae).

Growing wild on the fiats along the Loddon at Baringhup.

Apparently a garden escape hardly naturalised as yet.

J. M. B. Connor, April, 1910.

Gnaphalium PURPUREUM, L. (Compositae) " Purple cud weed."

Near Dimboola, F. M. Reader, August, 1893 ; Korumburra,

H. Crisp, December. 1902 : Otway Forest, H. B. Williamson,

Deceml)er, 1903 : Gippsland, W. Wallace, Novemtoer, 1904

;

Toora, W. Stewart, December, 1907.

This plant has not been hitherto admitted into the census as

Victorian owing to the specimens having been classed as a

variety of Gnaphalium japonicum. Although they have not

the woolly bracts of the original Australian type specimens

they have the pappus hairs cohering in a distinct ring at the

base, and tally closely with old world specimens. The woolli-

ness of the bracts and the shape of the leaves appear to be

variable features.

Halgania krecta, n. sp., Ewart and Rees,

Victoria Desert Camp, 38, September, 1891, R. Helms.

.Small l)ranching shrul.) about 8in. in height. Stems woody,

bearing a glandular viscid scabrescence intermingled Avith a

few rigid appressed hairs of peculiar type, and as in H. strigosa

attached at the centre, and having two processes extending

apically and basalh' in the same line or at a slight angle.

Leaves about ^ in. long, entire when young, usually becoming

slightly 3-dentate when older, appressed, sessile, slightly nar-

rowed at the base, margins incurved, whole leaf somewhat con-

cave, under surface bears a number of stiff white hairs similar

to those on the stems, also traces of the viscid scabrescence.

Flowers stalked apparently solitary and axillary—Calyx

—

5 sepals, li lines long, linear accuminate bearing short hairs.

Petals dark l)luc i-ather l)road, narrowing- to pointed apex.
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longer and iiidre ueeuuiinato than those of H. strigosa.

Stamens with very short tihinii'uts, anthers al)r)ut one line

long, each with long straight process about twice as long as

anther itself, processes free at tiji, iinah longer- than those of

H. strigosa. Tlie plant is nearest to //. xtrUjosa, Schlect, but

is smaller, has stouter and more numerous hairs, much smaller

appressed leaves, and longer anther appendages. From H
viseosa, Spencer Le Moore, it differs in having the strigose in-

dumentum even more strongly developed than in H. stri-gosa,

in the shorter and broader leaves, in the solitary stalked flowers

and in the anther ajipendages.

Heliptkhum splkndidu'M, Hemsley. Botanical Magazine. Tab..

7983, 1904^ H. kosku.m, Beuth. var. alba (Compositae).

Hemsley's type specimen is a large flowered form of this-

species agreeing in the anthers, styles, bracts, aclienes, pappu.s,.

and leaves with the various forms of this somewhat variable

species. Plants grown at the Botanical Gardens from seed

obtained from Berthoud. in West Australia (who provided the

material through which the plant reached .
Kew, and was

described as a new species), reverted to the smaller flowered

typical form of the variety alba. The large flowered form is

possiVjly onl}- developed under intensive cultivation.

Kyllingia BREVIFOLIA, Both. (CJyperaceae). Det. by

G. Kukeiitlial.

P<:)rt Jackson, R. Siegert, ISS-l. l>i-ol)al)ly inti'oduced.

LlNAKlA VULGAKis, L. (Scrnpliulaiiueae). "Common Toad Flax."

Bloomfield, Feb., 1910. J. 1'. McLennan.

Ajiparently a garden escai)e hardly yet sufficiently estab-

lished to be considered naturalised. The plant is native to

Europe and Russian Asia, but has spread with crops to various

parts of the world. Hence it is likely to appear in other

localities in Victoria, and to ]»ersist when once established.

Its yellow clusters of flowers arc rather handsome. Though

without economic value it does not appear to be aggressively
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injurious. It was formerly used as a ' diuretic and laxative

purgative. No animal will eat it, and as bedding in cow-

stalls it helps to keep away vermin. Milk l:)oiled with it will

kill flies, so that it is apparently somewhat poisonous.

Linaria Elatine, Mill. Tlie Hairy Toad Flax is a naturalised

alien, and is often sent in as a supj^osed poison plant. It has

not hitherto been shown to be poisonous. Bourquelot (Journ.

Pharm. et Chim., 6 ser., 30, 1909, ]). 385) has, however,

shown that another European common roadside weed {Linaria

striata), generally avoided by sheep, contains a cyanogenetic

glucoside which, under the action of emulsin, yields hydro-

cyanic acid, benzoicaldehyde, and a reducing sugar. L.

Elatinf and L. striata, both appear to have a similar bitter

taste and hence it is possible that both may be capable of

producing poisonous effects.

Melaleuca neglecta, Ewart and Wood, n. sp. (Myrtaceae).

Shrub not over 8 feet in height, stem two or three inches

in diameter at the base, bark rough and corky, slightly fur'-

rowed. Leaves 2 to 3 lines in length, ovate-lanceolate, stalked,

t-uberculate, semi-terete, flat on top. scattered and numerous.

Flowers small whitish, numerous in lateral spikes ; axis grows

through the inflorescence before flowering is over. Calyx tube

campanulate, lobes 5 triangular nearly as long as the tube.

Corolla white, petals 5 deflexed, clawed, very thin and delicate.

Stamens in 5 bundles, opjoosite petals. 7 to 9 in each bundle.

Ovary hairy on top, single style and stigma, 3-celled. ovules

erect, placenta bifid.

Ee in arks. This plant diftVrs from Melaletica pustidata in

that its bark is not smooth and papery. The flowers of Mela-

leuca ptistutata are in small terminal leafy heads, and the

rhachis as a rule does not grow out until flowering is over.

The flowers differ in the two plants in external appearance,

the calyx lobes of M. pustulata are longer than broad, and

more pointed. The petals also difl'er. the petal of M. pustu-

lata being longer, more ovate, and claw is shorter. The plant

is of no value as timber, owing to its snudl height. Its non-

recognition as a distinct species has been due to its being^



Flora of Aiisfralia. 61'

confused with J/, pustulata. Hitherto it is only known from

Victorian localities. Attention to the possibility of this plant

provinir to l)e a new species was first drawn by Mr. St. Eloy

DAlton. Hence its popular name might be D'Alton's Melaleuca.

/labitof, near Diinl)Oola. CnNerfor, St. Eloy D'Alton. Dafe^

Noveinher. 1000.

PnYSALis viscosA, L. (Sohinaceae). " Ground Cherry."

Railway Reserve. X. Melbourne ; J. 1{. Tovey and C. French,,

jnr., March. 1000, and April, 1910.

The plant is a native of the Southern Regions of North

America, where it is common, usually on light or sandy soils

near the coast. It is a perennial with somewhat creeping

subterranean shoots, and hence would be difficult to eradicate-

when once established. It has apparently been introduced with

ballast, and has not yet appeared from any other locality. The-

berries do not appear to ripen readily in this climate. Tlie

plant is easily recognised by its short pubescence of stellate or

forked hairs.

Prasopiiyllum intricatum, C. vStuart.

New England, Timbarra (New South Wales), C. Stuart.

This Tasnianian and Victorian plant is only recorded pre-

viously from a single locality in New South Wales. (Blue

Mountains, Fitzgerald's Australian Orchids). The present speci-

men was wrongly named P. Archeri.

PULTENAEA VILLIFEKA, Sieb.

East Gippsland, November, 1896, H. B. Williamson.

This plant is given in Mueller's key as from the North West

only of Victoria. In addition to the present locality it also

occurs in the St)Uth and South-West (Macedon, (ieelong, Port-

land).

Sagittakia SAfiiTTAEKOLlA, L. " Arrowhead."

A semi-aquatic plant, native of Europe and temperate Asia,,

growing in swamps, shallow ponds and streams. It is now
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naturalised in swamps on the (loulburn River, near Nagambie.

Possibly it was planted in the tirst instance, and has since run

wild. It was formerly used as a cooling and wound healing

specific, but has now no reputed medicinal value. The root

•contains starch like that of arrowroot, and is used as food,

by the Kalmucks. The leaves do not appear to be injurious,

and though hardly to be classed as good fodder are apparently

^aten by stock when ]>etter feed is unavailable.

C. French, jnr., 1910.

Senecio spathulatus, a. Rich. (Compositae). " Spoon-

leaved (iround.sel."

Mt. Singapore, Wilson's Promontory, J. A. Leach, May, 1910.

New to the National Park, and only recorded fi'om one other

locality in Victoria (the Snowy River).

SoLANUM COACTILIFERUM, J. M. Black. (Solauaceae).

Trans. Royal Soc. of S. Australia, vol. xx.xiii., p. 224, 1909.

Tliis may prove to be a local form of S. esuriale, Lindl.,

with four partite flowers developed as an abnormality. The

narrow incurved leaves, tomentose covering, single flowers,

and i)rickles also occur in .S'. est(riale, the prickles being

especially well developed in desert specimens, but usually more

slender than in the type si)ecimen of .S'. coactiliferiim. Hoth

])lants vary, however, in regard to the prickles.

SoLANUM HETKRAN)>iiUM, Parsh. '' Pincusliion Nightshade."

Swampy land near Tocumwal, New South Wales ; 0. B.

Palmer, May, 1910.

This North American weed is already recorded as a natural-

ised alien in the North West and North of Victoria, but is ap-

parently unrecorded for New South Wales.

Veuuesina encelioides, Beuth and Hook. (Compositae).

" Crownbeard."

lOustou. A. (;. MriLiiis. March. IDIO: Kerang, .1. Moore, June,

liMH): .liinctioii of the Darling and Murray, K. Holding, 1891;

L. finance. ('. .Moore. April. ISSS.
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The two first localities are Victorian, the two last are in

New South Wales. The plant is now permanently established

as a naturalised alien in Victoria and New South Wales, and

is very generally reported as being injurious or poisonous to

stock, especially sheep. It is a native of North and South

America now widely diffused over the warmer regions of the

globe, and even occurring in gardens. No sjDecies of the

genus is known to be poisonous, so that any injurious action

the plant may have is probably a mechanical one.

ZOSTERA MARINA, L.

This is mentioned in the " Weeds and Poison Plants of Vic-

toria," p. 91, on the strength of a specimen from Williamson

as new to Victoria, j)ossibly introduced. On further investiga-

tion I find that the specimens on wliich the Zostera nana of

Bentham's Flora are based are mainly Zo'itera uiari/ta, being

distinguished by their large size, broader leaves, more numer-

ous veins, and seeds with longitudinal ridges or veins, instead

of cjuite smooth as in Z. nana.

Zostera ?uarina is found on flat, sandy or nniddy shores

around the whole coast of Australia, including Tasmania.

ZosTKRA NANA, F. K. Merfcens.

Has apparently an ec^ually wide range, but is less common.

By some it has been considered a variety only of Z. ?narina,

but the species can readily be distinguislied by the characters

given above. The Victorian Flora therefore includes three

species of Zostera. Z. manna: Z. nana and Z. fasnianira.

The last named is intermediate in size between Z. marina and

Z. 'iiatia, and is distinguished from the latter by its pale seeds,

1)roader tloral sheaths and bractless flowers.

EXPLANATION OF PLATES.

Platk XTI.— Halgania kkkcta.

Fig. L—Plant of Halgania erecta Ewart and Rees (about

natural size).

2.—Single young leaf showing hairs (enlarged).
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Fig. ."?.—Single old leaf showing hairs (enlarged).

4.—Single hair (much enlarged).

5.—Flower (enlarged).

6.—Anthers with processes (enlarged).

Plate XIII.

Fig. 1.— Branch of Melaleuca neglecta.

2.— Flower of Melaleuca neglecta.

3. —Fhjwer of Melaleuca pustalate.

4.—Petal of Melaleuca neglecta.

.").— Petal of Melaleuca pustulata.



Proc. K.S. Victiiria. li)L(». ]^1h1o XII.





Proc. U.S. Victoria, 1910. Plate XIII.





[Proc. Roy. tjoc. Victoria, 23 (N.S.), f'l'. I., 1910.]

Art. XI II.—Modem Improvement in Rod' Section

Cutting ApjHiratus.

By H. J. GUAYSON,

Geological Laboratory, University of Melbourne.

With Plates XIV.-XVII ).

[Read 9th June, 1910.]

1.—Introductory and General.

The cutting of Rock sections for class use and research work

occupied a considerable proportion of the writer's time, and

also entailed much labour, until a little over Uvo years ago,

when an effort was made to improve upon the apparatus at

that time available for rock slicing. To attain this end, it was

deemed best to build an entirely new machine, which should

be electrically driven and embody all that was best in the

earlier forms of lapidary's machine, while introducing such

improvements and modifications as a considerable experience of

rock slicing had shown would be advantageous.

At the outset, I may say that where only a feiu sections are

likely to be required, a machine of any kind is not an absolute

necessity. Given reasonably thin chips or flakes, such as can

readily be obtained Avith a hammer, also plenty of time and

energy, coupled with a fair amount of skill, and thin sections,

in every way comparable with those made with the aid of

mechanical devices, can be obtained. Hand work of this

character is, however, both slow and laborious, and the pre-

paration of any considerable number of sections becomes a

serious undertaking.

In the early days uf rock section making, the professional

lapidary was usually resorted to, when a number of sections

were required. Naturally, the machine used by him was the

one first adopted by the Geologist, who, either from choice or

necessity, prepared his own sections. The ordinary lapidary's
6
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machine, though effective in his hands for his own purticuhir

Avork, is both crude and inconvenient for rock-section making.

A machine of this character was sent from, London to the

Melbourne University some 10 years ago. It was said to be a

duplicate of one in use at the British Museum, and was

then regarded as an up-to-date machine for rock slicing. I

am unable to discover that this machine possesses any material

advantage over the older types of similar apparatus.

Many years ago the late Mr. Jordan devised a siniple and

fairly convenient machine,^ worked by means of a treadle.

This machine, unlike that used by the lapidary, leaves both

hands free for other manipulations—which is a decided con-

venience. Ttis type of machine has since been modified, and

improved, in respect to details, more especially by German

petrologists, whose energies, however, seem to have been chiefly

directed to devising elaborate and ingenious clamps for hold-

ing and orientating the specimen to be cut. Nearly all the

more important German firms who cater for geologists now pro-

vide machines de.signed for driving either by foot or motor power.

Generally speaking also, German rock-slicing apparatus is dis-

tinctly in advance of that made by English and American firms.

My reasons for building a machine, when so many other types

were available to choose from, were mainly as follows:—
A fairly long experience in the preparation of rock sections

had served to bring out some of the weak points of at least

three machines with which I had worked. Moreover, I had

adopted a pi'ocess of section making, differing somewhat from

that ordinarily followed, which made it possible largely to

substitute slicing with diamond powder for grinding with

emery, without material increase in cost, and with a great

economy of time.

One of the chief drawbacks pertaining to the machines of

which I hiid had experience, was that, ordinarily, they were

speeded to run at from :500 to 500 revolutions per minute.

^ A plan and so(-tion of the Jordan machine may be found in KntU-y's "Study of

Rocks," p. 04, 4tli cd., 1S88.

The ordinary lapidary's inachiiic is fiifured in Iloltzapffel's '.Mechanical Manipulation,"

vol. iii., 1804 ed.
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with sliL'iiii|- and griudiny discs of 8in. diameter and less. Both

experience and experiment had satisfied me. that, given an

accurately made motoi'-driven machine, slicins; and grinding

discs lOin. in diameter might safely be speeded up to 1000

revolutions per minute, with a proi)ortinnate increase in effi-

ciency. This c-onclusion, the results obtained have fully sus-

tained.

Again, all the machines of English design and make, so

far as my experience of them goes, are only provided Avith one

revolving spindle or mandrel, which is invariably made to

pass through the centre of l)oth slicing and grinding discs,

thus greatly limiting the efficiency of the latter. The single

spindle also entails fret]uent changes from slicer to grinder

;

and further changes of the grinding laps, according to the

differing grades f)f abrasives used; two of which, at least are

always required. These frequent changes, of course, involve a

considerable loss of time.

A further important defect — and this applies to both

English and German machines—^is that they have a far too

limited top or bench space, hence both slicer and grinder are

inconveniently crowded together, seriously hampering free-

dom of movement in both slicing and grinding operations.

This crow'ding together of rapidly moving parts is also nearly

always associated with inadequate protection to bearings and

screws, etc., against the intrusion of emery or carborundum,

the presence of which even for a short time is rery destructive

as well as difficult to remove.

In the machine I have constructed—and to which I may now

l)riefly refer—I have endeaA'-oured to fully provide against the

several shortcomings I have named. The machine is speeded

to run at close upon a thousand revolutions joer minute. The

slicing discs and grinding lajDS are lOin. in diameter. The

latter are mounted like the face plate of a lathe ; they run

dead true, and have a. clear surface for all operations. The

laps and slicer are each separately mounted, with ample space

for free movement, as well as with efficient guards, both with

respect to ilic operator's clothes, the bearings and other moving

]iaris: the necessity for such protection is obvious.
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The motive power and running gear have Ijoth received

careful consideration, so as to reduce noise and wear and tear

to a mininiuni. Each grinder and the sHcing discs are inde-

pendently operated, and can be instantly thrown in or out of

action by the mere push or pull of a conveniently placed

handle. There are no idle running bands or belts ; motion

being communicated as required from a single overhead shaft

by a specially designed clutch.

The net gain from these advantages, of which I give only

the briefest outline, is that it has been made possible, as the

result of actual trial, to slice a specimen suited for examina-

tion under the micz'oscope—i.e., a section having an area of

about one inch in diameter, and reduced to a thickness of less

than .001 inch—the whole operation—slicing, grinding and

mounting, occupying not more than 10 minutes—the specimen

in question being a piece of granite. On no other machine,

with which I am act|uainted, is it possible to do this work

within so short a time.

With regard to economy in working, the machine costs for

motive power, running say 6 hours, not more than 6d. The cost

for diamond powder, for slicing purposes—also deduced from

actual trial—for a well charged disc, is not more than Is. With

this charge 95 slices, averaging lin. in diameter and cut from about

20 different varieties of rock, ranging in hardness from granite

to soft sandstone, were sliced without a re-charge of the disc.

Provision has been made, in addition to ordinary rock slicing,

for cutting and grinding crystals to definite faces, and also for

cutting and grinding parallel plates to a precise thickness.

More recently, a further modification has been made,

adapting the machine to the cutting of serial sections, as, for

example, in the case of a fossil imbedded in a piece of rock,

etc. The method was first devised and described by Professor

Solhis, of Oxford University, in the Transactions of the Royal

Society of London for 1903. Professor Sollas obtained a special

grant from the Royal Society for the construction of his

machine, which was designed by the Reader of Mechanics

—

Mr. Jervis Smith, of Oxford University.

After reading Professor Sollas' description of this machine, I

saw at once that, with no modification of the machine
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my paper describes, other than the iiddition of a prradiiated

circle and index point, it would be possible to undertake

exactly the same kind of work as that for which the Oxford

machine had been exclusively designed, and, as I think, with

greater facility and convenience; the parallel clamp, which

swings radially over the grinding disc of my machine, being

already provided with the requisite adjustments for securely

holding specimens requiring special serial treatment. Plate

XVII., Fig. 1, shows the relations and simplicity of this appar-

atus. The radial clamp, holding a glass plate, to which a

specimen is cemented, is seen in position over the grinding lap,

its relation to the latter being controlled and adjusted by means

of the graduated head on the top of the pillar to the right

of the lap. Fuller details of this appliance will be found in

Section 2 and in the explanation of the plates. Considerable

experience of gi'inding operations requiring not only pre-

cision but delicacy of touch and freedom of manipulation over

the surface of a rapidly revolving disc, convinces me that the

requisite conditions for precise work are not as fully provided

for as they might be ])y the slow and rigid traverse of Pro-

fessor Sollas' machine. Moreover, his grinding laps are very

small, being only lin. in diameter, and driven by hand. The

working of such a machine cannot but be inconvenient, seeing that

one of the operator's hands is fully occupied with driving the

machine, leaving only one hand free for controlling the various

adjustments of the machine screws, and for applying water

and the necessary abrasives, etc. These operations, if the

machine is to be efficiently worked, requires the unremitting

attention of more than one hand. The fact that Professor

Sollas is fully satisfied with the results he obtains does not,

I think, preclude the propriety of pointing out that eqvially

good results may be obtained from simpler and much less

costly adjustments, applied to an existing apparatus.

I may say that in addition to the various processes just

described, my machine is admirably suited to all polishing

operations ; the comparatively high speed at which it is run

rendering it particularly effective for this class of work.

The completed apparatus has now been in use for more than

two years, and as it has fully met expectations I venture to
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describe it with siitticient detail to enable others to benefit

by uiy experience. As the method of rock slicing and section

mounting are, in a measure, related and co-ordinated, it is

necessary also to include a short account of the latter process.

2.—Structural Features of the New Machine.

A detailed description of all the working parts of the

machine, with plans to scale, is beyond the scope of this paper.

Fortunately they are not, I think, necessai'y, as with the aid of

photographs (Plates XIV. to XVII.) showing all the essential

features of the apparatus and descriptions of less obvious

features, it should be possilile for an intelligent mechanic to

construct a similar machine.

At the outs*t it is necessary to point out that in the build-

ing of the apparatus. I was strictly limited as to position and

space.

Dealing with the several portions of the machine in order:

— Plate XIV., which may be regarded as equivalent to a sec-

tional or front view, shows all the principal features of the

apparatus, which is l)uilt into a corner of the workroom ; the

lathe in the foreground has no connection with the rock slicer,

beyond being driven by the same motor. The three guard

trays have been removed from the top of the rock machine

table, in order to show the position and relation of the slicing

and grinding-lap spindles, and of the several supports for rock

holders and clamps.

Plate XV. may be regarded as a photograph in ]ilan— i.e.,

looking down upon the machine. It shows to better advantage

the relation of the working parts in running order, other than

the driving mechanism, which is situated at some height above

the machine, and is shown in detail in Plate X^ I.

Plate XVII. (Figs. 1 and 2) serves to show the special appli-

ances for serial section cutttng, parallel grinding, and work with

the goniometer.

Reverting to Plate XIV., it will be seen that the base of the

machine is a strongly built wooden bench or table with dimen-

sions as follows:—Length, 7 feet: width, 2 feet 4 inches;
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height, o feet 2 inches. Tlie table toji, which is 1^ inches

thick, is supported on a strong, well-braced framework, which

is screwed to the wall of the building so as to insure com-

plete freedom fi'oni vibration. The details of the construction

of the table may be readily made out from an inspection of

Plates XIV. and XVI., except that a supporting beam for the

three spindles, which runs from end to end of the table, 9

inches below its surface, cannot of course be seen.

3.— Details of the Principal Mechanical Parts.

These are described in order, from right to left, as they

appear in Plate XV. First comes the vertical revolving spindle

of the slicer. This is made of mild steel—as indeed are all

the spindles—15 inches long, by 1^ inches in diameter. It

passes through an accurately bored, flanged collar 3 inches

long, screwed to the surface of the table.. The lower end of

this spindle, as also those of the grinding lap, is coned and

fits into a corresponding metal socket, provided with an oil

recess and protecting collar, which is screwed to the longitudinal

beam of the table frame. The top of the spindle is threaded

and carries carefully fitted collars and tianges for clamping the

slitting discs.

Somewhat to the right of and behind the spindle of the

slicer, is a rod of steel 1 inch in diameter and 18 inches long.

The lower part of this rod, which is of somewhat greater dia-

meter than the upper part, is coarsely threaded for 6 inches

of its length, and screws into a long nut or socket fitted to

the table, thus forming an adjustable support for the various

specimen clamps. The rod has 3 inches or more of motion

by means of a screw, and a further range is obtained with the

aid of lock nuts sliding on the spindle itself.

The larger specimen holder is of the usual parallel screw

clamp type, and will hold specimens up to 5 inches in dia-

meter. Several interchangeal)le clamps are used ; one of these,

to be seen in the photograph (Plate XV.) is adapted to hold

thick pieces of plate glass 3^ x 1^ inches (length and breadth)

to which the ordinary microslips are attached. In addition
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to its radial motion this carrier revolves axially, so that speci-

mens to be sliced may be tilted at any convenient angle in

relation to the slitting disc. This clamj^ also carries the

goniometric crystal holder (shown in the front right corner

of the tray) which permits of slicing or grinding in any de-

sired direction. The device for maintaining a steady pressure

or pull against the slicer coinprises the usual cord, weights and

pulleys, so placed as to be readily controlled.

Lubrication of the slicer is provided for by means of a drip-

can and two pieces of sponge, one above and one below the

disc held in position by a spring clamp.

Passing now to the grinding laps, of which there are two,

seen in the centre of the table, it will be noted that they are

screwed to the top of the spindles by means of a threaded boss

below" each plate. This mode of mounting allows the whole

surface of the lap to be utilised, and is a convenience which

has only to be once used to be appreciated. It not only allows

the utmost freedom of movement, but also aids in the main-

tenance of a true surface on the lap for a long time. The

spindles of the laps are somewhat shorter than that of the

slicer, their length being 12 inches, so that the lap surface is

about 3|^ inches above the table, which is a convenient height

for most operators. The mounting of the spindles is the

same throughout, and has already been described. Dust and

grit are excluded from the bearings by means of a special close-

fitting collar in each case.

It will be seen that each grinding spindle is accompanied by

a pillar which supports a clamping device in which specimens

or blocks of glass are held so as to swing radially across the

laps. This permits of parallel grinding to a precise thickness

or definite form, and though not necessary for ordinary rock

slicing, it has. as already explained, a variety of uses where

precision is required.

The lower portion of each rod is threaded, and screws into

a long socket let into the surface of the table. It can thus

be accurately raised and lowered during use, so as to maintain

a steady and even pressure upon the lap. It is also adapted to

carry the goniometer Avhich fits the special holder shown in

the centre tray, and. as already indicated, as every part of the
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iDja'hine is inteiL'li;ingeal)le if so required, a rapid transfer from

one lap to another can be made. This rorresjtondence between

the several parts of the machine, and the facility of inter-

change which is thereby effected, result^ in the long- run in a

considerable saving of time.

The most effective laps, so far as my experience goes, are

those of bronze containing a high percentage of copper, the

aim being to secure a tough but not unduly hard lap. Pure

copper laps would no doubt be better but they are difficult to

cast and turn. Discs of lead and tin. and also of wood with

felted surfaces are used in special cases and for polishing. A
diameter of 10 inches is found to l)e convenient for most of

these laps.

Tray-like shields, or mud guards are provided for each of

the grinding laps as well as for the slicer. As will be seen,

they are of square outline and conveniently large, the distance

between the several spindles, 22 inches, permitting of this.

The trays are made of stout gah^anised iron 5 inches deep,

and the u])per edges are rounded and ])rass bound, forming

clean and comfortable supports for the hands and arms of the

operator. It should also be noticed that a sjDace around each

pillar or spindle is raised and carefully capped, so as to exclude

dust and grit ; this, in addition to the brass collars already

noticed. The bearings of a machine running at a high speed,

and upon wliich car])orundum and other abrasives are to be

freely used, cannot be too carefully i>rotected from their in-

trusion : the life of the bearings is, in fact, directly propor-

tional to the effective exclusion of the abrasives.

As already stated", the machine is., motor driven, and as the

method of connecting up is in some respects novel, I refer to

it in some detail. An electrically driven one-horse-power motor

serves to rtui the rock slicer, lathe, emery wheel and polisher,

and has proved fully adequate for all reqtiirements. As the

motor runs at 1400 revolutions per minute, the main shafting,

shown in Plate XVI., s))eeded down to about 300, a convenient

speed for the drivintr wheels of both lathe and rock slicer.

The usual method of gearing to a secondary shaft by means

of belts and loose pulleys has been dispensed with, and a

system of connecting directly to the main shaft adopted. This
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permits of any siuLile portion of the section apparatus being

run separately : the remaining cords and j^ulleys being sta-

tionary. This effects a saving of power, and reduces the wear

and tear upon the iiiachine and belts or cords. The slicer, and

each grinder and the polisher, are hence directly connected

to the princi]tal shafting, which runs loosely through each

driving pulley, when the latter are not engaged. These pulleys

are thrown into action, each Ijy its own clutch, which is

operated by a loose coned sliding collar on the main shaft.

The sliding cone is moved directly from the work table by

means of a rod, to the lower end of which a lever handle bar

is rigidly screwed in a convenient position. At the top of the

rod is a forked lever with adjusting screws fitting a groove in

the sliding cone. By a twist of the handle bar below, the

cone is forced under the lever of the clutch, which tightly

engages the hub of the driving-wheel, and the lap or slicer, as

the case may be, is brought into immediate action ; the reverse

movement of course instantly disengages the clutch, and the

lap or slicer become stationary. The photograph (Plate XVI.),

which shows a portion of the main shaft, driving wheels and

clutches, will serve to make this portion of the mechanism

sufficiently clear.

Connection between the driving wheel and each spindle, by

means of a leather cord, is easily effected, the latter passing

directly fmm wheel to s])indle Avith the aid of guide pulleys

only, these being secured to the under surface of the table.

Provision was originally made for two speeds, the change

being effected by means of split imlleys on the spindle, which

can easily be removed if reipiii'ed : but this is seldom necessary.

A uniform speed of about !)S0 revolutions per mintite has been

foimd in every way satisfactory.

An extremely useful adjunct to the rock slicer is to be found

in the small emery grindei- attached to the same bench (seen

to the left of Plate XV.) and driven in the same mannei". It i^

speeded up to 2000 (or more) revolutions per minute, and has

been found most convenient for a variety of work for which

the larger machine is not so well adapted. It may be pro-

vided with various grinding and cutting wheels as well as

polishers and brushes, which tit it for use upon fossils, and the
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fXrinding and polisliiu^^ of small luinri-al and olher sjieciiuens.

This is an addition to its varied usefulness in the workroom

generally.

4.—Method of Slicing, Grinding and Mounting

Rock Sections.

It is only by adopting and }»ursuiug a methodical and co-

ordinated series of operations that the full value of a machine

similar to the one just outlined is fully secured. To this end

I have adopted a systeu) of working, the main features of which

are embodied in the following brief sumnuiry of its salient

points :

—

A. ('/i(/r(///i(/ thf Slicrrs, Etc. This is invariably done with

diamond powder, which it pays to crush, and sift from time to

time during the operation. The sifting is easily done with the

aid of several bits of glass tube about lin. long and fin. wide,

to one end of which, aftei' grinding level, a bit of very tine

bolting silk has l)een cemented. A slicer charged with pro-

jierly graded diamond powder cuts faster and cuts longer than

would be the case if the diamond were only ground to an

almost impalpable powder in oil, as is frequently done : the

former method is more efi'ective as well as more economical.

Every slicer should l)e niacle to run " de.id " true, and should

be maintained in that condition. The greater the speed at

which it is run, the more important it becomes that it should

run trvdy. A slicer is always ineii'ective in pro]>ortion to its

eccentricity. Too often the slicer is -made to cut as long as it

will cut ; this is unsound, both in theory and practice.

With regard to charging a slicer, T find a chilled steel roller

by far the most eli'ective instrument for this pur])ose. It is

better than any glass or ag;ite implement : and, if ])roperly

made, is ahnost everlasting.

I have tried notching the slicers and charging the notches ;

it takes a long time to do this well—and it must be well done,

or not at all. 1 was certainly rewarded with a slicer which

cut well for a. long time. T'sually, however, I find a slicer

charsred in the ordinary wav, that is bv picssure of the diamond
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powder into the smoothly turned ed^e of the soft iron slicer,

gives a very satisfactory re<tum for the small amount of time

and trouble it requires to prepare. A hundred sections, each

of which involves two cuts, at a cost of little more than a

shilling, leaves nothing to complain of in the matter of expense.

In slicing I use kerosene for lubrication, that is, if the rocks

are compact and hard ; for such rocks it is more effective than

a soap emulsion, which of course must be used for soft and

porous rocks. Any good soap makes an effective lubricant if

properly dissolved. It need not be castile soap, which, like

many other things, is not always what it is claimed to be.

B. Grinding Powders.—For this purpose only the finest

graded carborundum is used. I also regrade Avhat is ordinarily

sold as graded material by the manufacturer. For example, FFF
grade of the Niagara Falls Coy. can well be further separated

into two or three grades. The coarsest of these is used upon

the finest of the two machine laps ; the remaining liner irrades

are used for finishing purposes by hand.

For the coarse lap, I find a fine but well graded powder

is more effective than one that is coarse; indeed, the latter is

simply thrown off a rapidly revolving lap. T%\o hundred and

twenty grade carborundum is the coarsest I use for rough

work. Ordinarily the series of laps comprises one coarse, one

fine and one finishing:—lap of slate for hand use only.

C Canada Balsam and Mounting Methods.—^Many people

fail in their first attempts to cut and prepare sections satis-

factorily, not through lack of perseverance or skill, but because

they do not carefully prepare their balsamed slips beforehand.

Good clean natural Canada balsam alone, if carefully prepared,

will hold almost any rock securely to the end of the process

of its preparation. The tenacity and range of hardness of the

balsam may, however, be extended if a small quantity, not

more than 1 to 3 per cent., of some clear and colourless organic

oil is added to it. Poppy oil. Castor oil. Clove oil—even Linseed

oil—are all suitable if used in the right proportions, and here

experience alone is the best guide. Those who have not tried

the addition of one of these oils, or something similar, will ap-

preciate the improvement effected by them, if the addition is

judiciously made.
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One should not prepare too many lialsained slips at once, as

they continue to dry slowly if not used, and eventually become

too brittle. As to mounting, the specimen should be attached,

in the first instance, to the slip upon which it is to remain.

Transference to another slip is obsolete and unnecessary. It

did well for thick sections, which were formerly much more

common than they are, or should be, to-day. Again, the section

and slij) should not be flooded with ))alsam when about to

attach the cover, for, besides making a sticky and unsightly

mess, it is both wasteful and unnecessary. Prolojiged heating

of slip and section is not advisable, when one is mounting, with

the object of driving out all the solvent from the balsam. The

chances are, when this is attemijted. that the section will be

disturbed or float, and w^ill tend to break up when putting down

the cover, besides raising a crop of bubbles, which are very

difficult to remove. It is a. wiser and safer course to use no.

more balsam, and to apply no more heat than is necessary to

bring the cover into close and uniform relationship with the

whole of the section. An oven with a water jacket, main-

tained at about 40 deg. Cent., will, in from three to five clays,

complete the drying with perfect safety.

So much for what is general and more or less applicable to

almost any successful process for the preparation and mounting

of rock sections.

I will now briefly outline the process adopted with a col-

lection of, say, 20 numbered rock specimens, which are ready

for slicing. It is to be noted that I seldom prepare sections from

detached slices, as these involve two parallel cuts and much

subsequent grinding. It is twice as economical, both as to time

and material, to slice off the rock close to the mounting slip, as by

this method the smallest possible amount of material remains to

be ground away. Two dozen 3x1 inch slips are cleaned and

placed, the whole upon white blotting paper, spread on a sheet of

asbestos, or a metal plate ; this is laid upon a well filled sand

bath, supported on a tripod over a bunsen fiame. The heat

from the latter is so regulated as not to discolour or char the

paper below the slips. Each slip is now balsamed, using no

more than exi3erience has shown to be necessary for sections

about one inch in diameter. While the balsam is " cooking,"
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the specimens are successively claiuped in the laro-e specimen

holder of the slicinc- machine, and a piece, large enough for a

section, is sliced away : the whole 'JO being thus treated.

Meantime, the balsamed slips will have l)ecome suthcienth-

hardened. Each slip should be separately tested, when cool,

with forceps or knife ; the hardened balsam should indent with

moderate pressure without splintering.

The sliced face of each specimen is now, for a few seconds,

held upon the finest revolving lap, which is fed with F.F. cai--

borundum, and moistened with water containing about 1 5th

of its volume of Glycerine, which maintains a rapidly revolving

disc sufRciently moist, without excess, for a long time. Each

specimen requires only a brief treatment, and if the lap is in

first class order no furtlier preparation should be required.

Usually, however, it is safer to give each specimen a few sweeps

by hand, upon a slate or glass lap. the surface of which should

be accurately true or flat. After washing and drying, the

specimens are ready for attachment to the balsamed slips.

This is done by heating them sufficiently to occasion discom-

fort when held against the hand for a few seconds ; the slip

being correspondingly heated, the specimen is pressed home on

the slip, taking care to exclude all air Imbbles. As each slide

is dealt with it is placed on a second jtlate of glass {'^h x 1}, in.

X 5/16th in,, thick, the blocks being strictly uniform), and

heated to melt the beeswax, which is used to hold the slip in

position during its subsequent treatment. After the entire

series has thus been treated and allowed to cool, each glass

plate or block in turn is clamped in the special holder, and the slicer

passed through the rock close to the glass of the mounting

slip. With everA'thing in good order, this may l)e done to

Avithin .5 mm. ; the thickness being regulated by means of two

strips of thin sheet iron, held in position on the slip Avhile the

cut is being started.

The series having been sliced, each section is ground to witliin

.1 mm., on the coarse grinding lap, using F carborundum, or

certainly not a coarser grade than 220. After washing, the

grinding is completed on the finest revolving lap, and if the

latter is time and the operator experienced, scai-cely any fur-

ther grinding will l)e re(]uired. With a sufficiently finely graded
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[lowder. there should l)e no seoriuu' or scratches ; the latter, if

present, beinir due to fragments of too coarse a powder, or to

its use in too limited a quantity, thus allowing the specimen

to come in contact with the metal of the lap. As a rule, and

for safety, it is wiser to ^ive the last touches by hand upon

a suitable lap of slate or glass, using only the finest washed

powder.

The whole process is not so long, or so complicated as any

description must necessarily seem to imply. With the aid of

the machine described, and given balsamed slides in readiness,

I find it possible to complete single slides in 10 to 15 minutes :

the finished section, in area, uniformity and thinness, leaving

little to be desired. Furthermore, with a series of rocks—and

it is usual to treat a number together—there is a correspond-

ing gain in time, throughout the several operations. Xaturally

too, and perhai)s more particularly with the type of machine

just described, individual experience, dexterity of manipulation

and judgment, are material factors affecting the final result,

both as to time and quality of work. Compared with the older

type of machine, both hand and treadle, there can be no ques-

tion as to the net gain, in time and labour, both of which are

important. There is, too, I think, an equivalent improvement

in the average quality of the finished product. On these

grounds I hope the publication of this brief desci'iption will

prove useful to all who are interested in the preparation of

rock sections.

EXPLANATION OF PLAJES XIV.-XVIl.

Plate XIV.

New Rock-Slicing Machine, Melbourne University. Side

view, showing slicing disc and grinding laps, and the supporting

rods for the various clamps and specimen holders. The levers

which operate the driving mechanism can be seen above and

somewhat behind the spindles. The guard trays have been

removed, so as to show the several parts of the machine more

clearly. The lathe in the foreground is independent of the rock

machine.
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Plate XV.

New Rock-Slicing Machine, Melbourne University. Top

view or photograph in plan serving to show the machine in work-

ing order. To the right of the view the slicer and one clamp are

seen in position for slicing. A. second clamp, for holding

massive rocks, is shown on the extreme right ; while the gonio-

meter as adjusted for the slicer is seen in the right front corner

of the guard tray. The two grinding laps, with supports and

clamp adjustments for specimens, follow in order to the left of

the slicer. Ordinarily, in the preparation of rock sections, the

clamps above the grinding laps are not required ; but in all

operations involving pi'ecision their use is indispensable. The

emery wheel and polisher referred to in the paper are situated on

the extreme left of the table. A graduated 60 inch scale, the

divisions on which are unfortunately not reproduced, lies along

the front of the guard trays.

Plate XVT.

New Rock-81icing Machine, Melbourne University. Driving

mechanism in detail. The usual fast and loose pulley driven by

tlie motor are seen upon the main shaft on the left of the photo-

graph. To the right of these, the shaft passes successively

through each driving pulley, which, in turn, connects with the

machine below by means of a leather band. The pulleys, ordin-

arily stationary with the shaft running through them, are

brought into action by the lever which forces the cone on the left

under the lever of the clutch attached to the hub of each pulley.

Platk XVII.

New Rock Slicing Machine, Melbourne University. Fig. 1,

Arrangement for serial section cutting. Fig. 2, Gonimeter

attacliment in position for grinding facets, etc. In Fig. 1, in

addition to the usual clamp, which swings radially over the

grinding lap, a graduated disc is shown. This disc is keyed to
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the top of tlie clainp support, so as to be reino.ved and replaced at

will without altering its relation to the index pointer. The rod

is also provided with a lock nut so that perfect rif(idity can be

maintained during the operation of grinding. The graduation of

the disc is such that the rod may lie i-aised or lowered the j-^jj

of an inch, or any greater fraction or value up to about 2 inches.

One can thus successively grind away definite amounts from a

fossil or thick section, and reproduce, by drawings or photo

graphs, the varying features revealed during the operation, and

this without disturbing or detaching the specimen from the

clamp.
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Art. XIV,—On some. Neiv Species of Victorkm Marine

Mollusca.

By J. H. GATLIFF and C. J. GABRIEL.

(With Plates XVIII., XIX.)

[Read 14th July, 1910.]

This paper includes description and figures of the following

species :
—

Coliimbella remoensis, sp. nov.

Cohimbella fraiiklinensis, sp. nov.

Leiostraca joshuana, sp. nov.

Cingnlina magna, sp. nov.

Chigiilina rhyllensis, sp. nov.

Cyclostrenia luicroscopica, sp. nov.

Saxicava subalata, sp. nov.

We have to thank Mr. E. C. Joshua for his skilful work in

preparing the photographs that the plates are taken from.

Columbella remoensis, sp. nov. (PI. XVIIL, Figs. 1, 2).

Shell small, of five and a half whorls; apex consisting of two

smooth whorls, with a central brown spot at the summit, the

remaining whorls are ornamented with a peripheral band of

rounded gemmules. There is a second band just above the

suture of much finer beads, and they are about foiir times as

numerous. The body whorl has a third similar fine row. com-

mencing just below the posterior portion of the columella, and

running round the dorsum to the edge of the outer lij).

Colour white, the ornament opaque, on a translucent ground.

Mouth lanceolate, channel well open, slightly everted at its

termination.

Dimensions of T}'pe.—Length, 3.75; breadth. 1.50 nun.

Locality.—San Remo, Western Port.

Obs. — Tliis is a very beautiful and ornate species. Dr. J.

C. Verco, of Adelaide, has sent us specimens of this shell, ob-

tained by him from St. Vincent's Gulf. South .\ustralia.

TVpe in Mr. Gatliff's collection.
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Columbella franklinensis, sp. nov. (PI. XVIII., y\<;. 3).

Shell suiall, suioolli, acuminate, of six whorls; the body

whorl is inflated, and is rather more than half the lenjjth of

the shell. Whorls convex, suture well defined. Fine ascendinjj:

striae encircle the base, and cease at the columella ; base some-

what restricted, with slightly reverted snout. Outer lip thick-

ened, shouldered at its junction with the body whorl, smooth

interiorly. Mouth lanceolate. Colour yellowish white, some-

what translucent.

Dimensions of Type.—Length, 3; In-eadth, l.'lo mm.
Locality.—Point Franklin, Portsea, Port Phillip, in shell

sand.

Obs. —The shell is the smallest of our smooth forms that

Ave have in the genus ; its chief distinguishing character is its

shape, which differs from that of any other found here.

Type in Mr. Gatliff's collection.

Leiostraca joshuana, sp. nov. (PL XVTTL, Fig. 4).

Shell minute, fusiform, smooth, glassy, and sufficiently trans-

parent to discern the axial pillar through the whorls. A\Tiorls

eiglit, including the apical, which are a trifle more vitreous

than the rest. Sutures not impressed, and merely define the

whorls. The whorls are without varices, but the last three are

ornamented with interrupted, ziz-zag, orange-coloured mark-

ings, more pronounced on the body whorl, and which uiay be

plainly seen through the apei-ture. Aperture pyriform, effuse

anteriorly, outer lip thin, and with a callus on body whorl :

columella margin nearl}- straight. '

Dimensions of Type. -Length, 3 : breadth, 1 mm.
Locality.—San Remo, type locality (T. Worcester); Port-

land (T. Worcester) ; Portsea, Por Phillip ; Shoreham, Western

Port.

Obs.— /.. a<'Mimi7/;rt, Sowb., and /y. lodderae, Hedley, are the

other Victorian representatives of the genus, but the present

one niaj^ be easily separated by its broader, fusiform character,

and the zig-zag markings. It somewhati recalls L. constellatu,

Melvill, from Aden. We have named this after Mr. E. C.

Joshua, the artist who figured it.

Type in Mr. ('. J. (rabriel's collection.

7a
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Cingulina magna, sp. nov. (PI. XIX., Fig. 8).

Shell gradually tiipering-. Shining. Whorls eleven, includ-

ing protoconch of two smooth whorls, the apex small, asym-

metrical. Whorls slightly convex ; the earlier ones are trans-

versely pucl\ered at the shoulder. The penultimate whorl is

encircled by about six irregularly spaced, narrow, shallow

grooves, wliich gradually fade out as they ascend. Suture in-

cised. Base rounded. Outer lip thin, continuous to where it

joins the columella, slightly reflected at the junction. Mouth

pyriform. Colour, uniformly creamy Avhite.

Dimensions of Type.—Length, 10.50 ; breadth, 2.75 mm.
Locality.—Shoreham, Western Port.

Obs.—May be distinguished from our other species chiefly

by its greater size.

Type in Mr. Gatliff's collection.

Cingulina phyllensis, sp. nov. (PI. XIX., Fig. 9).

Shell solid, attenuate, cream-colour, shining. W^horls eight,

including a smooth, l)ulbous, two-whorled protoconch.

^Miorls exclusive of apex, flatly convex, separated by a well-

defined, deeply impressed suture ; sculptured with equidistant

flat -topped spiral lirae, six on the penultimate, and increasing

to eleven on the body-whorl : this encircling sculpture being

crossed by faint, oblique axial ribs, more plainly seen on the

earlier whorls. Distinctly visible are the lines of growth. Base

imperforate, sloping and with the lirae a little more pronounced

than the preceding. Aperture pyriform, interior shining

;

columella slightly concave : labium reflexed, the outer lij)

being somewhat damaged.

Dimensions of Type.—^Length, 8.5 ; breadth, 2.5 mm.
Locality.—Dredged between Phillip and French Islands,

Western Port, 5—7 fathoms.

Obs.—Distinguished from ('in(/n/ina spiud, Crosse and

Fischer, by its more numerous and flat-topped lirae.

Type in Mr. C. J. Gabriel's collection.
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Cyclostnema microscopica, sp. uov.

(PI. XVIII, Figs. 5, 6, 7).

Shell very minute, of four whorls, rapidly increasing in size,

roundetl. The apex is smooth, and is succeeded by lirate whorls,

the lirae numbering about five on the penultimate whorl, which

increase in number by intercalation to about fifteen at the

outer edge of the lij). Deeply umbilicated. Mouth circular,

outer lip simple. White, semitranslucent.

Dimensions of Type.—Diameter, .75 mm.
Locality.—Shoreham, Western Port (T. Worcester).

Obs.—An interesting minute form.

Type in Mr. Gatliff's collection.

Saxicava subalata, sp. nov. (PI. XIX., Figs. 10, 11, 12).

Shell white, inflated, somewhat angular ; sub-equal, inaecjui-

lateral. Valves slightly gaping anteriorly. Beaks depressed,

slightly incurved, produced anteriorly. Dorsal margin

straight, somewhat a late posteriorly. Post-dorsal border

curved. Ventral margin straight. Post-ventral margin sub-

angulate, anterior end rounded. From the lunbo to the pos-

terior end runs an oblicpie, well-defined ridge, steep on dorsal

side and becoming more rounded as it approaches the ventral

margin : the posterior slope thus formed covering about one-

third of the entire shell. Ligament external, well developed,

and faintly darker than the epidermis.

Sculpture.—At the umbonal region appear very fine lines of

growth, which develop into irregular, somewhat undulating

rugae. Besides this concentric sculpture, the whole surface is

studded with minute granular excresences developing with age

and approaching more the form of tubercles, and which may
be plainly seen from the interior of the shell. These are

arranged roughly parallel with the rugae. When portions of

the shell are examined under a high ])ower (preferably a ninth),

these grannies can be focussed from both the inner surface

below which is seen the striated vitreous layer, and from be-

neath the external layer ; the granules then resolve themselves

into pillars which extend from surface to surface, and are

more or less cylindrical. Sometimes the granules coalesce and
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form bundles of three or more. The shell is invested with a

very thin olivaceous epidermis. Interior somewhat iridescent.

Muscular impressions strong, the anterior oblong and the pos-

terior subcircular. Pallial line not sinuated. Hinge simple,

the characteristic curved tooth of the juvenile form having be-

come almost ol)Solete. The post-dorsal edge of valves is dehis-

cent.

Dimensions of Type.—Length, 7.5 ; breadth, 3.75 ; depth of

single valve, 1.5 mm.
Locality.—Dredged off Point Cook, Port Phillip, 8 fathoms

(type locality). Type taken alive. Dredged off Portsea, Port

Phillip, Frankston and Dromana (T. Worcester).

Obs.—In the young condition, the hinge exhibits a rather

prominent, much curved tooth in the right valve, with a cor-

responding cavity in the left, thus presenting a character differ-

ing in its entirety from the senile form. This is characteristic of

the genus Sorirava, and it was the young form of ^S'. rugosa,

Linn., Avhere Daudin erred in erecting his genus Hiatella.

Superficially the species much resembles a North American

palaeozoic shell, Modiomorpha suhalatd, Conrad, but the hinge

alone severs it from that genus. Like other representatives of

Saricava, the present one is variable, several specimens show-

ing moi'e pronounced alation. The angular form and granular

surface serve as useful recognition marks, but -with beach-worn

specimens, the latter is difficult to discern. The irregular

dehiscence of the valve-edges is not seen on all the specimens,

and is not confined to the post-dorsal edge.

Type in Mr. C. J. Gabriel's collection.

EXPLANATION OF PLATES XVIIL, XIX.

Columbella remoensis, sp. nov.

Columbella franklinensis, sp. nov.

Leiostraca josh nana, sp. nov.

Cyclostrenia microscopica, sp. nov.

Cingulina magna, sp. nov.

Cingulina rhyllensis, sp. nov.

Saxicava subalata, sp. nov.

All figures variously magnified.

Figs.



Proc. E.S. Victoria, 1910. Plate XVIII.





Proe. K.S. Victoria, 1910. Plate XIX.





[Froc. Kot. Soc. Victoria, 23 (N.S.), Pt. I., 1910J.

Art. XV.

—

Additions to the Catalogue of the Marine

Shells of Victoria.

By J. H. GATLIFF and C. J. GABRIEL.

[Bead 14th July, 1910.]

This paper adds 52 species to our fauna, including the seven

new species in the preceding paper, bringing the total to 919.

Twentv-tive of them were obtained by the Commonwealth

Trawler "" Endeavour " off Wilson's Promontory, comprising

some forms previously obtained by Mr. C. Hedley at Mast

Head Reef, Capricorn Group, Queensland.

A notable occurrence is that -of Murex datnicornis, Hedley,

the type of which was dredged by him on the coast of New

South Wales.

Three new genera are added, namely, Imhricaria, Cuspi-

daria, and Arcoperna.

In our next paper we purpose making some remarks on

species already catalogued.

Murex damicornis, Hedley.

1903. Murex damicornis, Hedley. Mem. Aust. Mus.,

vol. iv., p. 378, f. 92, in text.

Hab.— lo miles south-west of Gabo Island, Commonwealth

Trawler " Endeavour."

Obs.—Size of Type : Length, 56 ; breadth (without the

spines), 23 mm. It much resembles M. dentidatiis. Perry, but

has much longer spines.

Trophon laminatus, Petterd.

1884. Trophon laminata, Petterd, Jour, of Conch., vol.

iv., p. 136.

1901. Murex laminatus, Tate and May. P.L.S. N.S.W.,

vol. xxiv., p. 352, pi. 23, f. 3.

1903. Trophon laminatus, Hedley, Mem. Aust. Mus.,

vol. iv., 1). 379.
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Hab.—Off Wilson's Promontory, Commonwealth Trawler
" Endeavour."

Obs.—Size of Tyj^e : Length, 6 ; breadth, 3.5 mm.

Genus ImbPicaPJa, Schumacher, 1817.

Imbricaria porphyria, Verco.

1896. Imbricaria porphyria, Verco. T.R.S. S.A., p.

227, pL 8, f. 5, 5a.

Hab.—Off Wilson's Promontory, Commonwealth Trawler
" Endeavour."

Size of Type.—Length, 10 ; breadth, 5.75 mm.
Obs.—Dr. Verco remarks, " P. Fischer, in his Manuel de Con-

chyliologie, p. 614, says Imhricaria of Schumacher has no

operculum. The shell I describe has one, but I leave the dis-

cussion of its generic location for a future communication."

It also has an acute outer lip, in Imbricaria this is thickened.

Marginella STANISLAS, T. W^oods.

1877. Marginella stanish^s, T. Woods. P.R.S. Tas., for

1876, p. 133.

1901. Marginella Stanislas. Tate and May. P.L.S.,

N.S.W., p. 362, pi. 26, f. 82.

Hab.—Off Wilson's Promontory. Commonwealth Trawler

" Endeavour."

Obs.—Size of Type : Length, 6 : width. 2.66 mm.

Marginella agapeta, W^atson.

1886. Marginella (Glabella) agapeta. Watson, Chall.

Zool.. vol. XV., p. 266, pi. 16, f. 9.

Hab.—Off Wilson's Promontory, Commonwealth Trawler

" Endeavour."

Obs.—A small white shell, triplicate, outer lip finely dentate.

Columbella kemoensis, Gatlitl' and Gabriel.

1910. Columbella remoensis, Gatliff and Gabriel. Ante

page 82.

Columbella franklinensis, Gatliff and Gabriel.

1910. Columbella franklinensis, Gatliff and Gabriel.

Ante page 83.
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COLUMBELLA GEMMULIFEHA, Hedley.

1907. Pvrene .ireinnmlifera, Hedley. P.L.S. N.S.W., vol.

xxxii., p. 510, pi. 19, f. 44.

Hab.—Off Wilson's Promontory, Commonwealth Trawler

" Endeavour."

Obs.—Mr. Hedley describes the sculpture of the second

whorl as havins: fine radial riblets, onr specimens are much
worn, and the second whorl is smooth, and the shells ai'e

larger than the type, so possibly ours may be a variety. Dr.

J. C. Verco, of Adelaide, has forwarde^to us similar specimens

dredged by him in 40 fathoms off Beachport, South Australia.

Canckllaria (Admetk) stricta, Hedley.

1907. Admete stricta, Hedley. Rec. Aust. Mus., vol.

vi., p. 295, pi. 54, f. 10.

Hab.—^Off Wilson's Promontory, Commonwealth Trawler
" Endeavour."

Obs.—Size of Type: Length, 4.5; breadth, 1.76 mm.

Drillia tricarinata, T. Woods.

1878. Diillia tricarinata, T. Woods, P.L.S., N.S.W.,

vol. ii., p. 265.

1901. Drillia tricarinata. Hedley. Rec. Aust. Mus., vol.

iv., p. 2:}, f. 3.

1903. Drillia tricarinata, Hedley. Mem. Aust. Mus.,

vol. iv., p. 389, f. 10.4.

Hab. -Oft" Wilson's Promontory, Commonwealth Trawler
' Endeavour.'

Obs.—The t5'pe is 6 uuu. in length, the single specimen

before us is 8.50 mm. in length, and of a brown colour.

Maxgilia gatliffi, Verco.

1909. Mangilia -atlitti, Verco. T.R.S. S.A., vol.

xxxiii., p. 312. jil. 2S. f. 9.

Hab.—Dredged oft" Inverloch, about eight fathoms (F. H.

Baker).

Obs.—Size of Type : Length, 5.25 mm. ; of aperture, 2.25

mm. : breadth, 2.25 mm. It is described as being white and

solid, and finely spirally sulcate. Our single specimen is suf-

fused with a lijrht-violet tint.
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Mangilia insculpta, Adams and Angas.

1863. Mangilia inscailpta, Adams and Angas. P.Z.S.,

Lond.. p. 420, pi. 37, f. 8.

1909. Mangilia insculpta. Verco. T.R.S. S.A., vol.

xxxiii., p. 315.

Hab.—Port Albert (T. Worcester).

Obs.—Size of TVpe : Length, 6.25 mm. : breadth, 2.25 mm.;

closely resembling M. deUratitla, T. Woods.

Mangilia fallaciosa, Sowerby.

1896. Daphnell* (?) fallaciosa, Sowerby. P. Mai. S.

Lond.. vol. ii.. p. 26, pi. 3, f. 7.

1909. Mangilia fallaciosa. Verco. T.R.S., S.A. vol.

xxxiii., 23. 319.

Hab.—Off Wilson's Promontory, Common-wealth Trawler
' Endeavour."

Obs.—Size of Type : Length, 10 mm. ; breadth, 3.25 mm.

Mangilia hilum, Hedley.

1908. Mangelia hilum, Hedley, P.L.S. N.S.W., vol.

xxxiii., p. 471, pi. 9, f. 17.

Hab. —Off Wilson's Promontory, Commonwealth Trawler
" Endeavour.''

Obs.—Size of TS-pe : Length, 3.85; breadth, 1.25 mm.

Daphnella bitorquata, Sowerby.

1896. Daphnella bitorquata, Sowerby. P. Mai. Soc,

Lond., vol. ii., p. 27, pi. 3, f. 9.

Hab.—San Remo, Western Port,

Obs.—Size of Type : Long, 4.50 ; diani., 2.50 mm. Dr.

Verco (T.R.S. 8.A., 1909, p. 324) considers the above species to be

a variety of D. tasmanica, T. Woods. We regard them as

being distinct.

Daphnella lamellosa, Sowerby.

1896. Clathurella lamellosa, Sowerby. P. Mai. Soc,

Lond., vol. ii., p. 28, pi. 3, f. 11.

1909. Daphnella lamellosa, Verco. T.R.S. S.A., vol.

xxxiii., p. 325.

Hab.—Oft' Wilson's Promontory, Comuionwealth Trawler

' Endeavour."

Obs.—Size of Type : Long, 4 ; diam., 2 mm.
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SCALA ACANTIIOPLEURA, VercO.

1906. 8cala aoanthopleura, Verco. T.R.S. S.A., vol.

XXX.. p. 145, pi. 4, f. 8.

llab.—Port Albert (T. Worcester).

Obs.-Size of Type: Length, 4.1 ; breadth, 2.6 mm.

Stvlifee brazieri, Aiigas.

1877. Stylifer brazieri, Angas. P.Z.S., Lond., p. 173.

pi. 26, f. 12.

1886. Stylifer brazieri, Tryon. Man. Conch., vol.- viii.,

p. 291, pi. 71, f. 47.

Hab.-—Bass Strait, Commomvealth Ti-awler '" Endeavour.'

LiPPiSTES ZODIACUS, Hedley.

1907. Lippistes zodiacus, Hedley. P.L.S. N.S.W.,

vol. xxxii., p. 502, pi. 18, f. 30.

Hab.—Oti" Wilson's Promontory, ComuionAvealth Trawler

" Endeavour."

Obs.—Size of Type: Length, 1.6: breadth, 0.85 unn. Mr.

C. Hedley has examined our shell, and states it is exactly like

the type which was obtained at Mast Head . Reef, Capricorn

Croup. Queensland, and that he has since identified the species

from Sydney Harbour.

LeioSTRACA JOSHUANA, Gatlift" and Gabriel.

1910. Leiostraca joshuana. Gatliff and Gabriel. Ante

page 83.

Cingulina magna, Gatliff and Gabriel.

1910. Cingulina magna, Gatlifl' and Gabriel. Ante

page 84.

Cingulina rhyllensis, Gatliff and Gabriel.

1910. Cingulina rhyllensis, Gatlift' and Gabriel. Ante

page 84.

Triphora regina, Hedley.

1903. Triphora regina, Hedley. P.L.S. N.S.W., vol.

xxvii., p. 608, pi. 32, f. 21.

1909. Triphora regina, Verco. T.R.S. S.A., vol. xxxiii.,

p. 285.
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Hab.—West Head, Flinders.

Obs.—Size of Type: Length, 5 mm.; breadth, 1.5 mm. Mr.

Hedley remarks :
" I venture to describe this species from a

single specimen, mutilated at each extremity, because the

orange thread on each whorl will render possible the recogni-

tion of any fragment. The contour and sculpture are also suffi-

ciently distinct from any species known from this coast."

Probably the colour had faded on this specimen, as ours are

light brown, as is also the protoconch, although it is imperfect

in our examples.

Triphora albovittata, Hedley.

1903. Triphora all)ovittata, Hedley. P.L.S. N.S.W.,

vol. xxvii., p. 609, pi. 32, f. 26, 27.

1909. Trii^hora albovittata, Verco. T.R.S. S.A., vol.

xxxiii., p. 285.

Hab.—Shoreham, Western Port.

Obs.—Size of Type : Length, 4.8 mm.; breadth, 1.5 mm.

Apex brown of four whorls, remaining whorls yellow, with

the exception of the upper row of granules, which are con-

tinuously white.

Triphora albovittata, Hedley, var. mamillata, Verco.

1909. Triphora albovittata, Hedley, var. mamillata,

A^'erco. T.R.S. S.A., vol. xxxiii., p. 285.

Hab.—Portsea, Port Phillip.

Obs.—Dr. Verco remarks :
" Instead of having the elongate

four-whorled protoconch of the type, it has a mamillate two-

whorled apex.''

Triphora armillata, Verco.

1909. Triphora armillata, Verco. T.R.S. S.A., vol.

xxxiii., p. 283, pi. 22, f. 5.

Hab.—Ocean Beach, Point Nepean ; San Remo, Western

Port (T. Worcester).

Obs.—Size of TVpe : Length, 7.9 mm. ; breadth, 2.2 mm.

Four whorled protoconch coloured light brown, remainder of

the shell white, wnth the exception of the fifth and sixth whorls,

Avhich are dark brown.



Additions to Gatidogae of Shells. 93

Tkiphora cana, Verco.

1!)()9. Triphora eana, Vereo. T.R.S. S.A., vol.

xxxiii., p. 289, pi. 2:5, f. 2-4.

Hab.—Portsea, Port Phillip.

Obs.— Size of Type: Length, 7.1 nnu. ; breadth, 2.1 mm.
Two whorled slightly mamillate protoeoneh, it and the succeed-

ing four whorls are white, the remainder of the shell light

brown.

Triphora spixa, Verco.

1909. Triphora spina, Verco. T.R.S. S.A.. vol.

xxxiii., p. 280, pi. 22, f. 2, 3, 4.

Hab.—Of? Wilson's Promontory, Commonwealth Trawler
' Endeavour."

Obs.—Size of Type: Length, 12.4: In-eadth. 1.9 mm.

Triphora gemmegens, Verco.

1909. Triphora gemmegens, Verco. T.R.S. S.A., vol.

xxxiii., p. 290, pi. 2:5. f. 7, 8.

Hab.—Dredged, about six fathoms. ))etween Phillip and

French Islands, Western Port.

Obs.—Size of TVpe : Length, 7.1 : breadth, 1.8 mm.

LiOTiA pp:talifera, Hedley and May.

1908. Liotia petalifera, Hedley and May. Records

Aust. Mus., vol. vii.. p. 116, pi. 22, f. G, 7, 8.

Halj.—Port Albert (T. Worcester). Off Wilson's Promontory,

Commonwealth Trawler " Endeavour."

Obs.—Size of Type : Height, 0.6 : diameter, 1.25 mm A
minute white shell resembling CycJostrenia johnxUnii, Beddome,

which species has about :35 traiisverse ribs on the body whorl,,

in L. petalifera, they number 24. Our identification has been

kindly confirmed by Mr. Hedley.

Cyclostkema delectabile, Tate.

1899. Cyclostrema delectabile, Tate. T.R.S. S.A., vol.

xxiii., \). 216, pi. 7, f. 4.

Hab.—Ocean Reach, Point Nepean.

Obs.— A small white shell. Size of Type: Major diameter^,

1.66; minor diameter. LI: height. .9") aim. Sculpture fine,

reticulated.
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Cyclostrema denselaminatum, Verco.

1907. Cyclostrema denselaminatiuu, Verco. T.R.S.

S.A., vol. xxxi., p. .306, pi. 29, f. 9.

Hab.—Oti' Wilsons Promontory. Commonwealth Trawler
" Endeavour."

Obs.—A small opaque white shell. Size of Type : Major

diameter, 1.55 ; minor diameter, 1.4 ; height, 1.1 mm. Similar

to the pi-eceding species, but it has stronger axial threads.

Cyclostrema microscopica, GatlifF and Gabriel.

1910. Cyclostrema microscopica, Gatliff and Gabriel.

Ante page. 85.

Rissoa jacksoni, Brazier.

1886. Rissoa badia, Watson (non Petterd, 1884). Chall.

ZooL, vol. XV., p. 612, pi. 46, f. 3.

1894. Rissoia jacksoni, Brazier. P.L.S. KS.W.. vol.

ix. (2nd series), p. 695.

1899. Rissoia jacksoni, Tate. T.R.S. S.A., vol. xxiii.,

p. 233.

Hab.—Kilcunda : San Remo (T. Worcester).

Rissoa subfusca, Hutton.

1873. Barleeia subfusca, Hutton. Cat. X.Z. Moll, p.

28.

1873. Ivissoina purpurea, Hutton. Id. p. 29.

1880. Rissoina subfusca, Hutton. Man.. X.Z. Moll., p.

80.

1S80. Rissoina purpurea, Hutton. Id. p. 80.

1898. Rissoia (Cingula), subfusca. Suter. P. Mai. S..

Lond., vol. iii. p. 4.

Hab.—Dredged between Phillip and French Islands. Western

Port; Portsea, Port Phillip.

Obs.—We forwarded specimens to Mr. Suter, New Zealand,

who remarks :
" I take it to be R. subfusca, Hutton ; it is a

little smaller than the type, and the spire a trifle more convex,

but I have similar examples from Cook Strait.''

Rissoa liddelliana, Hedley.

1907. Rissoa liddelliana. Hedley. P.L.S. X.S.W., v»l.

xxxii. ]). 494. j.!. 17, f. 24.
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Hab.— Off Wilson's Piomontory, Coiuiaonwealth Trawler

" Endeavour."

Obs.—Mr. Iledley has kindly compared our specimens with

the type and remarks that they " are larger and comparatively

broader."

Thalotia woodsiana, Angas.

1872. Thalotia woodsiana, Angas. P.Z.S. Lend., pi.

42, f. 4, 5.

Hab.—Portland Bay (Angas).

Obs.—Size of Type : S x 5 lines. We have not seen this

species.

Calliostoma zietzi, Verco.

1905. Calliostoma zietzi, Verco. T.R.S. S.A., vol. xxix.,

p. 166, pi. 31, f. 1-3.

Hab.—Dredged, about six fathoms, between Phillip and

French Islands, Western Port.

Obs.—Size of Type : Height, 8 ; diameter of base, 5 mm.

Scissujrella australis, Hedley.

1903. Scissurella australis, Hedley. Mem. Aust. Mus..

vol. iv., p. 329 and 330, Fig. 63 in text.

Hab.—Off Wilson's Promontory, Commonwealth Trawler

" Endeavour."

Obs.—Size of Type : Height, 2.5 mm. ; major diameter, 3

mm. Our specimens have been identified by the author, but

the sculpture on ours is not so strong.

Emarginula superba, Hedley and Petteixl.

1906. Emarginula superba, Hedley and Petterd. Rec.

Aust. Mus., vol. vi., p. 216, pi. 37, f. 7, 8.

Hab.—Off Wilson's Promontory, Commonwealth Trawler
' Endeavour."'

Obs. - The size of the type is : Length, 24 ; breadth, 18 :

height, 9 mm. Our specimen is much smaller. Tliis species

much resembles £. dilecta, A. Ad., but differs from it in having

a much incurved and overhanging a])ex.

AcANTHOCHlTES MAUOilANi, Torf and Ashby.

1898. Acanthochites maughani, Torr and Ashby.

T.R.S. S.A.. p. 218, pi. 7, f. 5.
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Hab.—.Shorehain, Western Port.

Obs.—Size of Type : Length, 8 ; breadth, 4 mm.—dried

specimen. One of us also recently ol)tained a small living

specimen at Freshwater Bay, N.8.W.

Saxicava subalata, (xatlifF and Gabriel.

1910. Saxicava subalata, Gatliff and Gabriel. Ante

page. 85.

Thraciopsis arenosa, Hedley.

1904. Thraciopsis arenosa, Hedley. P.L.S. N.S.W.,

vol. xxix., p. 197, pi. 9, f. 26, 27.

Hab.—Off ^Vilson's Promontory, Commonwealth Trawler

" Endeavour."

Obs.—Size of Type : Height, 2.9 ; length, 4.55 mm

Genus Cuspidaria, Nardo, 1840.

Cuspidaria tasmanica, T. Woods.

1876. Neaera tasmanica, T. Woods. P.R.S. Tas., for

1875, p. 27.

1897. Cuspidaria tasmanica. Tate. T.R.S. S.A., vol.

xxi., p. 44.

1901. Cuspidaria tasmanica, Hedley. P.L.S. N.S.W.,

vol. xxvi., p. 21, f. 20. In text.

1901. Cuspidaria tasmanica, Tate and May. Id. p. 421.

Hab.—Off Wilson's Promontory, Conuuonwealth Trawler
' Endeavour."

Kellia angasiana, Tate.

1887. Kellia angasiana, Tate. T.R.S. S.A., vol. ix., p.

68, pi. 5, f. 7.

Hab.—San Kemo (Thos. Worcester).

Obs.—Size of Type : Antero-posterior diameter, 2.5 ; umbo-

ventral diameter, 2 mm. A triangularly oval, thin, dull white,

semi-transparent shell.

Lepton ovatum, Tate.

1887. Lepton ovatum, Tate. T.R.S. S.A., vol. ix. p. 68,

pi. 5, f. 11.
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Hub.—Portsea, Port Phillip.

Obs.—Size of Type : Antero-posterior diameter, 2 ; umbo-

ventral diameter, 1.5 mm.

Crassatellites micka, Verco.

1895. Crassatella micra, Verco. T.R.S. S.A., p. 93, pi.

1, f. 3.

1907. Crasatellites micra, Verco. Id. vol. xxxi., p. 313.

Hab.—Off Wilson's Promontory, Commonwealth Trawler
'' Endeavour."

CONDYLOCARDIA PORRECTA, Hedley.

1906. Condylocardia porrecta, Hedley. P.L.S. N.S.W.,

vol. xxxi., p. 475, pi. 38, f. 24.

Hab.—Off Wilson's Promontory, Commonwealth Trawler
" Endeavour."

Glycimeris tenuicostata, Reeve.

1843. Pectunculus tenuioostatus. Reeve, P.Z.S. Lond.,

p. 80.

1843. Pectunculus tenuicostatus, Reeve. Conch. Icon.,

vol. i., pi. 6. f. 35.

Hab.— Off Wilson's Promontory, Commonwealth Trawler
" Endeavour."

Glycimeris sordidus, Tate.

1891. Pectunculus sordidus, Tate. T.R.S. S.A., vol.

xiv., p. 264, pi. 11, f. 8.

1907. Glycimeris sordidus, Verco. Id. vol. xxxi., p. 227.

Hab.—Off Wilson's Promontory-, Commonwealth Trawler
" Endeavour."

Genus Arcopema, Conrad, 1865.

Arcoperna scapiia, Verco.

1908. Arcoperna scapha, Verco. T.R.S. S.A., vol.

xxxii., p. 196, pi. 12, f. 1-5.

Hab.—Off" Wilson's Promontory, Commonwealth Trawler
" Endeavour."
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Chlamys kadiatus, Hutton.

1873. Pecten radiatus, Hutton. Cat. X.Z. Moll., p. 82.

1880. Pecten radiatus, Hutton. Man. N.Z. Moll, p.

171.

1908. Chlamys radiatus, Hedley. P.L.S. N.S.AV., vol.

xxxiii., p. 472, pi. 10, f. 28.

Hab.—Ocean Beach, Point Nepean ; Torquay ; off Wilson's

Promontory, Trawler '" Endeavour.'

Obs.—Mr. Henry Suter, of New Zealand, has kindly identi-

fied specimens submitted to him as being yoimg shells of the

above-named species. The size of the type is: Height, 1.8;

breadth, 1.7 inch. The largest examples we have hitherto ob-

tained are: Height, 0.60; breadth, 0.56 inch.

In part 8 of the Catalogue by Pritchard and Gatliff,

Chlamys hedleyi, Dautzenburg, was recorded, upon the identi-

fication of Mr. C. Hedley. He now informs us he was mistaken,

and further states that ('. hedleyi falls in as a synonyiin of

C. uudulatus, Sowerby. Ihe shell he wrongly identified we

now find to be C. radiatus, Hutton.
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Art. XVI.

—

Note on a Supposed Nematode Parasitic

in the Circular Muscle of am Earthivorin.

(DiporocJaieta grandis).

By GWYNNETH BUCHANAN, M.Sc,

Government Research Scholar in the Biological Laboratory,

University of Melbourne.

(With Plates XX., XXI.)

[Read 14th July, 1910.]

While examining some speciniens of the earthworm Diporo-

chaeta (jraiidis'^ from Endeavour River, Queensland, I was

struck by the appearance of some curious yellow patches scat-

tered at irregular intervals over the external surface of certain

individuals. These patches measure about 3 mm. by 1 mm.,

and are slightly raised.

On opening several under the dissecting microscope, they

were found to contain a mass of structureless yellow material,

embedded in which was a single thread-like form, in many cases

much coiled. On clearing the contents of the patches in car-

bolised absolute (for the use of which and for valuable advice

I am indebted to Dr. G. Sweet), I found on examination two

distinct sets of thread-like forms closely resembling nematodes

in general appearance.

The first (Fig. 1) had the ordinary truncated end of a nema-

tode, with a faint indication of a pharynx leading to an alimen-

tary canal, apparently ending abruptly in front of the sharply

recurved posterior end.

The second (Fig. 2) was definitely pointed at each end, with

no apparent pharynx. None of the specimens were straight,

so that it was hard to obtain accurate measurements. The

1 Spencer, " Further Descriptions of Australian Earthworms, Pt. I." Proc. Roy. Soc.

Victoria, vol. xiii. (1900), p. 63.
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length of the first form, as nearly as could be computed, was

3.9 mm. ; that of the second, 3.6 mm : while the breadth of

both was .18 mm.
I cut sections of the body wall of the earthworm in the

region of one of these patches, staining them with acetic acid

alum carmine, and in some cases double staining with eosin.

These sections showed a distinct fibrous capsule in the circular

muscle of the body wall of the host (Fig. 3, c). Inside this the

body of the jDarasite was cut across and surrounded by more

or less of the structureless substance before mentioned, which

was usually rather deeply pigmented (Fig. 3, p). This sub-

stance would seem to be either excrete material from the para-

site itself, or, rather, the disintegrated material of the body

wall of the host, as no cellular arrangement was made visible

by any method of treatment. The body of the parasite itself

had a very nematode-like appearance, but even under the low

power it was clear that its internal structure was not well pre-

served—a fact which was probably due to the presence of

cuticle, since the tissues of the host were in very good condi-

tion. Practically the whole of the internal cavity seemed filled

with long clear cells, which were apparently attached to the

alimentary canal at their inner end. Under a high power, how-

ever (4 eyepiece, 7 obj.. Fig. 4), these cells were found to be

lying loose in the body cavity attached at their outer end to

some inward j^rojections of the apparently structureless body

wall. This body cavity was divided fairly distinctly into two

halves, and each of these nuich less distinctly also into two.

In all four quarters were ten inward projections, but the

attached cells had none of the characteristic striations of nema-

todes. The only indication of the lateral line was very indis-

tinct. From it the clearest mesenteries (Fig. 4, mes.) pass to

the alimentary canal, along the whole length of which run two

structui-eless lines which stain homogeneously with eosin, in

much the same way as the body-wall, and, occasionally spread

almost round the alimentary canal. The cells of the latter are

very definite, and are regularly arranged with their nuclei to-

wards the inner cavity (Fig. 4, al.c). At one end is a curious

structure apparently arranged around the alimentary canal.

(Fig. 5.) On the outside is the homogeneously staining uuiss
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forming a complete riny instead of l)eing contlned to two rows.

It encloses in a thick layer a granular structure containing

branched cells closely resembling nerve cells. At about the

middle of its length cells begin to appear in the centre of

this structure, which seem to be continuous with those of

the alimentary canal.

It will be seen from the foregoing description that in many
features this parasite resembles a nemiatode ; the entire absence

of reproductive structures, however, makes it impossible to

attempt a classification. Dr. Sweet has suggested that it may
be a larval form, in which case it may be a stage in the life

history of some already recognised species.

EXPLANATION OF PLATES XX., XXI.

Figs. 1 and 2.—Whole specimens of two kinds of parasite.

,, 3. —Low power drawing of the general position of the para-

site in the body wall of the host.

,, 4.— High power drawing of a transverse section of the

parasite.

,, 5.

—

(}) Nervous structure at one end of the parasite. High

power.

Figs. 1, 2 and 3 outlined with camera lucida and Leitz 3

objective, 2 eyepiece.

REFERENCE LETTERS.

al. c.—Alimentary canal.

b. V.—Blood vessel.

c. —Capsule.

c m.—Circular muscle,

e. —Epidermis of host.

g. c. —Goblet cell.

1. m.—Longitudinal muscle,

p. —Peritoneal membrane,

pig. —^Pigment inside capsule,

m. —Muscle cell of parasite,

mes. —-Mesentery of parasite,

n. —Parasite.
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Art. XVII.

—

Note on the Existence of S'firocJiaetosis

affecting Fowls in Victoria.

By J. A. GILRUTH, D.V.Sc, M.R.C.V.S., F.R.S.E.

(Professor of Yeterinai-y Pathology in the University of Melbourne).

[Read 3rd March, 1910].

The Fowl Tick (Arc/as) has been recognised as an exceedingly

troublesome skin parasite of the domesticated fowl in certain

parts of the northern districts of Victoria for a number of

years past, and its association with a fel)rile condition, especi-

ally in young birds during the summer months, has, it would

appear, been commonly observed, although, as far as I can

gather, beyond some short paragraphs in the daily press (until

the last month, when an article by Dr. A. A. Brown appeared

in the " Journal of Agricidture "), no definite scientific obser-

vations have been placed on record. This is rather surprising

in view of the fact that the Department of Agriculture, I am
informed, has for some years been endeavouring to prevent the

spread of the tick to other districts.

Soon after my arrival in Melbourne, at the commencement

of last year, I was informed of the existence of the so-called

" tick-fever " in certain districts. Seeing that since 1903, when

Marchoux and Salimbini first described the jjresence of a spiro-

chaete in the blood of Brazilian fowls affected with the tick

A?-(/as, other obsei'vers in India, Sudan, Rhodesia, Bulgaria and

elsewhere have also demonstrated the connection between the

two pai-asites, I was naturally anxious to ascertain if in Aus-

tralia, along with the tick as a skin parasite, the spirochaete

was also associated with a blood parasite. I found it, however^

impossible to secure a tick-infected fowl during the past

summer.

Since then. Dr. S. Dodd, Chief Veterinary Officer and

Bacteriologist to the Queensland Government, in his last annual

report, describes fully the disease Spirochaetosis as aflPecting
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fowls in that State, and has demonstrated its transmission by

the common fowl-tick, Argas persicus.

Through Dr. Brown, of the Agricultural Department, at the

request of the Minister for Agriculture, I received on 22nd

January a live fowl presenting the following definite symptoms :

—General dejection, somnolence, I'uffled feathers, pale comb,

slight diarrhoea and loss of appetite. Only four ecto-parasites

were to be found on the skin, these being apparently all larval

forms of a parasite of the Argas type, and were handed "fio

Dr. G. Sweet for identification. These Dr. Sweet has described

in this volume as belonging to a new species, A. victoriensis.

Examination of blood smears made in the usual way fixed

in alcohol and stained w'ith Giemsa's stain, gentian violet, etc.,

demonstrated considerable numbers of the characteristic spiro-

chaetae as described by Marchoux, Laveran and others. There

was also a marked increase in the nmber of eosinophile white

blood corpuscles.

The spirochaetae increased in number till the time of death

5'6 hours after arrival. Post-mortem examination did not dis-

close any decided pathological change, and the spleen was not

enlarged.

Enquiiy from Dr. Brown elicited the information that the

bird had been sent from a non-infected to an infected district,

and there exposed to the ticks only six days prior to being for-

warded to me, which indicates the rapidity of the infection.

A live fowl was inoculated subcutaneously with five drops of

blood from the heart of the first fowl, a few minutes after

death. No swelling developed at the seat of inoculation. Spiro-

chaetes were found in the peripheral blood on the third day,

but only in one to every twenty fields of the microscope. On
the fourth and fifth days the numbers increased greatly, and

several could be seen in each field. On the sixth day, however,

extreuiely few could be detected, while subsequent!)^ none could

be seen. The animal remained in apparent health. The disap-

pearance occurred without any preliminary clumping, and no

intra-corpuscular bodies of Balfour's " after phase ' could ever

be determined. It should be also noted that careful examina-

tion of smears from various parts of the naturally affected fowl,

which died at the la])oratory, failed to reveal any bodies within
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the red corpuscles, as described by Dr. A. A. Brown in the

" Journal of Agriculture "' for February.

Intracorpuscular forms of spirochaetes have been described

by Balfouri as constituting the '' after phase "'
of spirochaetosis.

These bodies were only found in animals which recovered, and

he regards them as a definite stage in the life history of the

blood parasite. Von Prowazek has recorded somewhat similar

intracorpuscular bodies in fowl Spirochaetosis. Dodd, how-

ever, in his Queensland experiments failed to demonstrate such

bodies in any of the recovered' fowls. My examination of the

blood in which the spirochaetes disappeared so suddenly also

failed to detect any similar bodies to those described by

Balfour.

1 3rd Report. Wellcome Research Laboratory, Sudan.
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Art. XVllI.—Spl rocJutctde in Lt'sion.^t (rtf'wtiny the Pl</.

By J. A. GJLRUTH, D.V.Sc, M.Il.C.V.S., F.K.8.E.

(Professor of Veterinary Pathology in the University of Melbourne)

[Read 14th July, 1910.

The presence of these protozoan parasites has been already

described in certain pathological conditions of the pig, notably

by Dodd, as occurring in an ulcerative skin disease in the

Transvaal, transmissible both by contagion and by inoculation,!

and by Cleland in "' Castration tumours " of the pig in West

Australia. 2 Recently the occurrence of spirochaetes has been

observed by me in several lesions of somewhat diverse character

in Victorian pigs, of which the following is a short description.

Skin and Slbcutaneous Lesions.

In January, 1910, a pig's head was received from the Veter-

inary Department of the Victorian Government. It was af-

fected with a large ulcerating tumour the size of a fist on the

side of the cheek. The tumour was dense, and had the charac-

teristics of a fibroma. Unfortunately, no preservative having

been used, putrefaction was somewhat advanced. Microscopical

examination showed throughout the structure of the tumour

numerous spirochaetes, the majority similar in size to those

found in the fowl, but a number were much shorter than those

usually found in avian blood.

As the owner stated that he had previously had three pigs

similarly affected and still had one showing a similar condition,

Dr. Cameron requested him to forward it alive. It was duly

sent, but unfortunately arrived during my absence on a holiday.

On arrival it was observed to be suffering from a hard swelling

on the side of the left jaw, and a healthy young pig was placed

in the same pen to test the possibility of contagion.

On my return to Melbourne it was found that the swelling on

the left jaw had disappeared, but that the left knee was swollen,

1 Jour. Coinp. P.ath., 1900.

2 I'arai-itolojjy, vol. i., No. 3).
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and showed a small ulcerating surface just under the jo'int.

Below this swelling was a caseous and necrotic area, extending^

downwards about two inches, and surrounded w^ith chronic in-

flammatory tissue. Smears from this showed numerous spiro-

chaetes and a mixed bacterial flora.

Attempts to transfer the condition by inoculation on scarified

skin resulted in a number of granulomatous, inflammatory^

chancroicJ lesions being slowly developed at and in the vicinity

of the scarified area. These ultimately disa^jpeared, but at no

time were spirochaetes detected, although microscopical ex-

aminations were frequently made : the granulomatous tissue

appeared to be due simply to streptococci, Avhich were present in

large numbers.

The contact pig remained normal.

Recently I have had an opportunity of examining two cases

of scrotal tumours similar to those described by Dr. Cleland,

through the courtesy of Mr. John Robertson, Director of the

City Abattoir. Both pigs were in fat condition, about 18 months

old, and I was informed the viscera of each were normal. At

first glance the tumours had almost the appearance of normal

testicles somewhat enlai'ged, being very prominently situated in

the scrotal region subcutaneously. The skin was normal, but

for the scar where the wounds by the castration knife had been

made. In one case a tumour was situated in each scrotal sac,

but in the other only one was present. On dissection the

tumours, which were ovoid, slightly flattened and of the diameter

of a large orange, were found to be circumscribed and

fairly dense in consistency. On section the new growths were

seen to be composed of fibrous but oedematous. new connective

tissue, enclosing a central, irregular, necrotic, caseous area

almost the size of a walnut, immediately around which the

fibrous tissue was distinctly of a greyish dirty colour, strongly

contrasting with the translucent homogeneous appearance of the

peripheral mass.

In each case the spermatic cords, at the distal end of which

the tumours proper were situated, were thickened, being about

an inch in diameter, and contained several circumscribed

caseous areas varying from the size of a marble to that of a

walnut.
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Mkroscopieal examination of smears of the central de-

generated material from the terminal tumours showed many

spirochaetes similar to those already described, along with

masses of various kinds of micro-organisms, such as cocci, long

and short bacilli. Scrapings from the oedematous fibrous tissue

showed also many spirochaetes with numbers of bacteria though

few in comparison with those present in the caseous centre.

The caseous nodules in the thickened cord, while containing

many mixed bacteria, appeared to be free of spirochaetes.

As to whether the sinrochaetes were the cause of the new

fibrous growths under consideration is a question that requires

further investigation, but the indications at least are that their

presence conduces to the formation of the new fibrous issue

observed, while the central degeneration is probably the result

of the bacterial invasion.

Sub-mucous Cysts of Large I>,testi>"e.

Spirochaetes have been found by me recently associated with

intestinal lesions of the pig, but apparently they were not the

cause of any serious general disturbance.

The lesions were first observed in two young pigs received

alive from the country for examination. The animals on arrival

were very lean, and though the temperatures were above normal

the appetite was good. The blood of each was normal so far as

erythrocytes were concerned (7,500,000 to 8,000,000), but

there was a definite increase in leucocytes (50,000) chiefiy

eosinophiles.

During the succeeding three days, ^is the condition was rapidly

improving and no definite symptoms could be detected beyond

a slight fluctuation in the temperature, one was slaughtered for

examination, and the other a week later, when it was obvious

a very decided improvement in a^jpearance had taken place,

these facts alone pointing to some neglect or dietetic error

having been the cause of the poor condition.

The first pig killed showed a definite pathological condition

of the large intestine. Tlie mucosa of the caecum was affected

for an area of about eight inches with patches of infiammation

covered by diphtheritic false membrane. The large intestine
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throughout its whole course showed numerous circaUar, flat-

tened, 2:re)'ish nodules, each about the size of a small pea, there

being about 2 to 4 present to the square inch. These nodules

were distinctly observable without incising the bowel, and caused

some projection of the serous covering. On examination of the

mucous surface slight circular elevations were observed corres-

ponding to these nodules, the majority showing a minute central

depression, through which the contents could l^e readily

squeezed. These nodules were apparently cystic in nature ; in

some instances the contents appeared translucent, jelly-like and

not readily broken down, with a small greyish caseous centre,

in others the contents were completely caseous.

On microscopical examination the material was seen to con-

sist chiefly of fibrinous debris with pus cells and some columnar

epithelia. A peculiar feature of the less degenerated contents

was the presence in smears of a finely laminated membranous

structure as if part of a parasitic cyst wall. Stained by Giemsa's

method myriads of beaded bacteria of varying length, cocci

and bacilli could be detected, but, in addition, especially in

the " laminated " membrane, could be seen many delicate spiral

organisms with all the characters of spirochaetae. These were

so regular and so numerous in the '' laminated "' structure, which

was comparatively free of bacteria, that there seemed to be some

decided connection. It should be observed that in the fresh

state no definite movement of the spirochaetes could be ob-

served, and that there were always some actively motile cer-

comonas found present.

Sections of the intestinal wall demonstrate these nodules to

be of the nature of small cysts of the deeper glands, external to the

muscularis mucosaeand apparently all these glands are more or less

affected. Considerable irritation is evidenced by the accuuuila-

tion of lymphocytes and some formation of new fibrous tissue

with atrophy of the muscular wall, at the periphery, while the

centre is composed of fibrinous material with shed epithelial cells

and more or less degenerated polymorphs. Masses of bacteria,

chiefly bacilli, showing great irregularity in staining, can be

seen present amongst the cells and debris.

It may be noted that a young pig about six weeks old which

was placed in the same pen as these pigs developed a high tern-
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perature with capricous appetite, ten days later, and was killed

on the foui'teenth day as it was evidently recovering from this

condition. Post-mortem examination disclosed a broncho-

pneumonia, with irregular areas of degeneration (caseous) which

was evidently the cause of the indisposition. In addition, how-

ever, on examination of the mucous membrane of the large

intestine a number of nodules similar but smaller in sizb Ito

those above described were observed. They were not visible on

the serous surface and none were degenerated ; all showed the

central depression, and containel a gelatinous material, amongst

Avhich bacteria as before, and a few cercomonas could be demon-

strated, but no spirochaetae.

That these nodules were not induced by contagion from the

previous cases was proved by the fact that a control from the

same litter which had remained in good health, killed ten days

later, was also affected with similar nodules. These again con-

tained no spirochaetes, but many bacilli and a few cercomonas.

It may be assumed therefore that whatever may Ije the patho-

logical signiticance (obviously not great) of these nodules or

cysts, which were probably due to the bacterial invasion, the

presence of spirochaetes within their contents was probably

accidental.

In neither of the first two pigs were any metazoan parasites

observed though careful search was made throughout the whole

of the intestinal tract. It may therefore be concluded that the

definite eosinophilia present in each was probably due to the

spirochaete invasion of the intestinal cysts described.
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Atriplex pterocarpa, Ewart and Rees, n. sp.

(Chenopodiaceae)

Near Silverton, New South Wales. E. N. Charslej-, 1886.

Apparently a shrub, the stem and leaves bearing short.

Avoolly hairs, which give the plant a whitish appearance.

Leaves ovate to lanceolate, ovate leaves with fairlv long

petioles, and lanceolate leaves narrowed at the base with short

petioles—entire or with margins slightly indented.

Flowers unisexual in globular axillary clusters 2-4 lines in

diameter. The upper clusters consist of male floAvers surrounded

by a few female, the lower clusters of female only. Female

flowers—perianth in 2 segments, with irregularly serrated

edges, and closely covered on the outside with short woolly

hairs, on the inner side of the segments is a peculiar outgrowth

of finely branched greenish veins. Styles 2 united at extreme

base—Male flowers—perianth in -4 segments, 4 stamens oppo-

site to the segments of the perianth. Fruiting perianth com-

pressed, entirely closed except at apex, ovate orbicular, about

I inch across, margin entire. Valves thin at the edges, but

1 N'o. 14 in I'roo. Roy. Soc. Victoria, vol. xxiii., i)t. i., n.s. (1910), p. 54.
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•sliti'litly roiiuliened and thickened towards the centre and

closely set with much l)ranched veins which are specially con-

spicuous on the inner side of the valves. Radicle lateral.

Babiaxa stricta, Ker-CJawl (B. villosa, Ker-Gavvl).

(Irideae). "Upright Babiana."

Gerniantown, near Geelong, Victoria, H. B. Williamson,

Nov.. 1909.

A native of South Africa, apparently not sufficiently estab-

lished to be considered naturalised. The plant has the perianth

tube shorter than usual, the flowers being apparently not quite

fully developed.

Oastrolobium Laytoni, J. White, n. sp., after Captain Layton.

(Leguminosae).

Watheroo Rabbit fence. Max Koch, 1905, No. 1337.

An erect shrub of 1.5 to 2.5 feet high. Branches stiff, when

young covered with short greyish hairs, the older branches

only slightly so. Leaves petiolate, laminae 1.5-2 inches in

length, and l-f inch in breadth, petiole about 1.5 lines long.

Leaves cuneate, blunt or sometimes very slightly convex at the

apex, with entire margins, which are hardly recurved, and

tend to be folded inwards, venation rather prominent on the

upper surface, which is almost glabrous, the under surface being

covered with felt-like greyish hairs, opposite, stipules fila-

mentous ; about 1 line long.

Racemes axillary, rachis 1.5-2.5 inches covered with minute

greyish hairs, pedicels distinct, hairy, under 1 line in lenoth.

Bracts and bracteoles deciduous.

Flowers small, calyx rather thickly pubescent, the 2 upper

lobes united a little higher up than the others, 1.5-2 lines long.

Yexillum less than twice as long as the calyx, and a little longer

than the alae or carina, about 2 lines in breadth.

Stamens free, ovary densely covered with white wooly hairs,

stipes |-1 line in length.
"

Tbe plant belongs to the Series II. (Racemosae) of Bentham.
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It seems to be nearest to G. poIyKtaclnjum, Meissner. It is

easily distinguished externally from that species by the leaves

not beinp: undulate and the racemes not sessile.

HiBBERTiA MiLLARi, F. M. Bailey. (Dillcniaceae).

This Queensland plant is distinguished from Hihhertia

anyustifoUa, Benth. {Hihhertia Benthavn, F.v.M.) {Heinis-

temma angustifolia, R.Br.), as being " of more robust habit,

with fewer and larger tiowers in the spike, and without the

prominent rusty-red midrib of the leaf of that species." An

original specimen of R. Brown's is quite as robust, and the red

midrib is quite as prominent in one of Bailey's specimens as in

some of H. angustifolia. If the description of the latter were

amended so as to read " leaves with a more or less prominent

rusty-red midrib, flowers in clusters of 1 to 5 (instead of 2 to

5), sepals about 4 lines long (instead of 3 lines)," this would in-

clude the present plant and avoid the necessity for the crea-

tion of a new species or variety.

The plant given in the Recording Census of the Victorian

Flora as H. angustifolia should be H. prorumhens, D.C., the

H. Benthami of F. v. Mueller reverting to the name of H.

angustifolia, Benth.

Hibiscus Trionum, L. (Malvaceae). " Bladder Hibi.scus."

Coode Island, J. R. Tovey and C. French Jr., Oct., 1908.

Only previously recorded as a naturalised alien from the

North-Western district.

Leptospermum scoparium, Forst., var. rotuxdifolia,

Maiden and Betche. (Myrtaceae).

(Proceedings of the Linnean Society of New South Wales,

1900, Vol. XXV., page 101.)

The authors were doubtful as to whether this plant belonged

to L. flarescens or L. scoparium. It is undoubtedly nearest to the

var. grandiflorum (L. grandiflorum, Lodd) of L. flavescens,

and specimens of the same plant Avere labelled L. grandiflorum.
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Lodd, var. rotitiidifol id \)\ Mueller. It is questionable whether

this variety is not worthy of specific rank (larger flowers,

broader leaves, usually larger fruits). It certainly includes

several subfornis of which Mueller's and Maiden and Betche's

variety is one, and with it might be included some broads

leaved forms of L. ficojiarium, which have distinct pungent

points. TTie distinction between the three species would not

be any more artificial than that already existing between L.

flave-^ren^ and L. sco/xirni //i.

Prasophyllum brachystachyum, Liudl. (Orchidaceae).

Sub-Alpine Eucalypt forests. County Talbot, Victoria. F. M.

Reader, 20/6 09, 4/7/09, and June, 1910.

The form of the lateral appendages in these specimens did

not appear to tally with the description in Bentham's " Flora

Australiensis," and it was only after examiniug the type speci-

men hent from the Herbarium at Kew, that we were able to

discover the correct species.

For this reason, we make the following amendment to Ben-

tham's description :

—
" lateral appendages of the column bifid

or unequally 2 lobed, both lobes acuminate, outer being slightly

larger and broader than the inner." New to Victoria, only pre-

viously recorded from Tasmania.

Prasophyllum despectans, Hook., f., var. intermedia,

Ewart and Rees, n. var.

Warrandyte, Upper Yarra, Victoria.

Sent by C. Walter, 9/8/J6.

These specimens are very similar in structure to P. despec-

tans, though they differ in appearance, drying a much lighter

colour than the type specimen from which it also differs in

size, being slightly larger. The main difference is in the form

of the lateral appendages of the column, which are either

unequally 2 dentate, the inner lobe being nmch smaller or entire

with a small tooth-like iiroicctiou iilony' the inner marfjin.
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PuLTENAEA ADUNCA, Turcz. (Leguuiinosae).

Twenty-live miles North-West of Port Lincoln. South Austra-

lia, E. H. D. Griffith, 10/10 09, only previously recorded from

West Australia.

The specimen has the leaf obtuse. It may also be hooked at

the tip. Calyx, bracteoles, ovary, corolla agree with the type.

The style is, however, not specially thick or hooked. This may
be an error in Bentham's description.

ToLPis UMBELLATA, Bert. (Compositae).

Geelong, Victoria, December. 1909, and February, 1910, H.

B. Williamson.

This plant is close to T. harhata, Gaertn. It differs in having

few or no stem leaves, oblong-linear instead of lanceolate

leaves, shorter involucral bracts and usually smaller and nar-

rower ligulate corollas. The fruit and pappus are practically

identical in both. In Moore's " Handbook to the Flora of New
South Wales," page 425, Tolpia harhatcu Gaertn, is recorded

as an escape from cultivation. Three New South Wales speci-

mens in the Herbarium, however (Berrima ; Richmond, Wools
;

and Parramatta, L. Atkinson) all prove to be T. umhellata.

In Victoria, the plant is hardly common or well enough estab-

lished to be considered a naturalised alien as yet.

Veronica salicifolia x V. speciosa (V. Andersonii, Hort.).

(Scrophulariaceae).

P. R. St. John, Hanging Rock, Woodend, Victoria, Feb.,

1910.

This hybrid, often grown in gardens under the name of V

.

Andersonii, was found growing apparently wild, but has evi-

dently been planted accidentally or purposefully, and can there-

fore only be classed as a garden escape.

EXPLANATION OF PLATES XXII.-XXIV.

1'late XXI.

—

Atriplex yttrocarpa, Ewart and Rees.

Fig. 1. —Branch bearing axillary inflorescences.

,, 2.—Fruitinu' branch.



PiML'. K.S. Victoria, JOK). Plate XXII.





Proc. K.S. Victoria, 1910. Plate XXIII.





Proc. U.S. Victoria, 1910. Plate XXIV.
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Fig. 3.—Single female flower (enlarged).

4. Section of female flower (enlarged).

5.—Single male flower (enlarged).

6.—Single fruit (enlarged).

7._Seed.

8.—Embryo.

Plate XXII.

—

Gaatrolobium Laytoni, J. White.

Fig. 1,—Flowering branch (natural size).

,, 2.—Vexillum (enlarged).

„ 3.—-Ala (enlarged).

,, 4.—Carina (enlarged).

,, 5.—Part of calyx cut away to show the gynaecium.

Plate XXIII.

—

Prasoyliyllum hrachystachyurn and
P. despectans.

Fig. 1.—Single flower of Prasophyllum brachystachyum.

,, 2.—Lateral sepals of P. brachystachyum.

„ 3.—Dorsal sepal of P. brachystachyum.

,, 4.—Lateral petal of P. brachystachyum.

„ 5.—Labellum of P. brachystachyum.

,, 6.—Column of Header's specimen, one appendage turned

back.

„ 7.—Lateral appendage of type specimen from Kew.

^, 8.—Side view of column of P. despectans var. inter-

media.

„ 9.—Second type of appendage in P. despectans var.

intermedia.
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Art. XX.

—

Australian and Tasnutnian Coleoptei-a In-

habiting or Resort iny to tJic Nests of Ants, Bees,

and Termites.

By ARTHUR M. LEA.

(With Plates XXY.-XXVIl.).

[Read 14th July, 1910].

For about tAventy years, whenever the opportunity presented

itself, I have examined the nests of ants, bees, and termites, in

which, as is well known, many remarkable forms of insect

life are to be found. Many species have been recorded from

such nests by past and present workers at Australian beetles,

but no paper dealing with them as a whole has hitherto been

published. In 1904, however, I had the privilege of offering to

this Society a short paper dealing with some ants'-nest beetles,

including two very curious new genera, that were taken in the

Mallee by Mr. J. C. Goudie. Since then Mr. Goudie has taken

other curious forms, and Messrs. H. W. Davey of Geelong, H.

W. Cox and Dr. E. W. Ferguson of Sydney, have sent many
species from ants' nests, and at various times a few others

were received from Messrs. C. French of Melbourne, George

Masters, H. J. Carter, W. W. Froggatt and Taylor Bros, of

Sydney, H. H. D. Griffith of Adelaide, H. Elgner of Cape York,

H. Hacker of Cairns, Mrs. F. H. Hobler of Toowoomba, and

Mr. Aug. Siraison of Launceston. A few also were received

from the Australian Museum that were taken by the late Rev.

R. L. King. As the total number of species now known to

me is very considerable, it was thought advisable to prepare a

paper dealing with them, Ijut including in it all the species

hitherto recorded as having been taken in the nests of ants,

bees and termites in Australia. It is hoped also that papers

dealing with species of other orders of insects found in ants'

nests will be published shortly, as materials for such have

been accumulating for some time, and several specialists have

been requested to deal with them.
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As instancini:- the aliundaiice that insects sometimes occur

with ants, the following extracts from Mr. Davey's letters

should be of interest :
—

" It came on to heavy rain as soon as I arrived at Ocean

Grove, ])ut I made for some good, old-established nests of Irids

(Iridnynyrmex nitidits) among cranberries, and shook a few

handfuls, ants and all. into a small bag, and went through this.

The debris yielded 16 Stapliylinidae (Dabra termitophila var.

vicforieiisls, D. nx/rniecopJiila, a minute Homalota and a

minute HymenopteronX), 60 Nepharis (N . costata), 16 Psela-

phidae (Ar-ficeriis cyJindricoriiis and Euplectops gihhosus), 2

Anthicidae {Anthicus austraJis), 2 Curculios (AcJiopera lachry-

mosa, and a minute species of Erirhinides'^), 1 larva (of ?), 1

Oligotoma (also in the larval form), and Acarids. The cran-

berry was badly infested with scale insects, and the ants roof

these over, and I always thought would prove good collecting.

One great advantage is no waste of time—just bag them and

go through them at night. Tbe disadvantage is the swarms

of ants you have to bag." Later Mr. Davey wrote :

—
" The

name of the cranberry is Styphelia humifusa, and I have seen

plenty of Nepharis on the stems, when the plant is roofed in

by Irids, but they are difficult to take there, but by shaking

into a bag I certainly got more than I expected, and hope to

try the bag again before long."

Some of the species here recorded are certainly not ants'-nest

beetles in the ordinary sense, but having been taken in nests

they are included, as with long records such species may be

frequently recorded as being found there, and their presence

not at all accidental.'* At the same time it appears probable

that certain specimens were really dragged into ants' nests

1 The minute size and narrow body of this insect no doubt deceived Mr. Davey on his

preliminary exauiination, and in fact until carefuUi' examined it is like many of the smaller

Staphylinidae. Its wings, too small for fliprht, are folded much as in the species of Thrips.

2 Neither of these is a true ants'-nest beetle ; the Achopcra may be taken in abundance

under bark aiid on rottinj^ wood in all the Australian States: it was probably swept into

the bag from the cranberry foliage, as also the other minute weevil. The latter, in jjeixral

appearance, is like a very small /iagoxi!<, but with nuich shorter and wider tarsi, although

not quite as in yiphoboiu.i deceptor.

3 In this connection see H. St. .J. Donisthorpe in Trans. Ent. Soc. London, 1909, p. 397.

He also refers to it as to a well-known fact that many ants'-nest beetles are to be found in

the nests of birds, hedgehogs, moles, etc.
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against their will, and on the nest being disturbed by the cover-

ing stone being removed, such victims temporarily regained

their liberty.

In addition to the species now recorded a very small flavous

beetle was seen in fair numbers in a nest of white ants on the

Richmond River, but all were extremely active, and managed to

escape with one exception, which was rather badly crushed. Its

antennae are clavate, and it has a conspicuous curved stria on

each side of the prothorax. It is in anything but good condi-

tion for examination, but such as it is Mr. Blackburn suggests

the possibility of its belonging to the Erotyllidae. Mr. Elgner

also sent some large larvae as from white ants' nests. One is

almost three inches in length, and evidently belongs to the

Carahidae (probably Feronides). A second species (two of it

sent) is about an inch and a-half in length, with a very large

body and minute head : it is evidently Coleopterous, but I have

no idea as to its family. A third larva evidently belongs to

the Eroti/llidae, but is too large to belong to the species here

described as Episcapliula termitophila.

As some of the species are very singular I was unable to

place them in their families or genera at sight, and being

usually represented by single specimens, that it was inadvisable

to destroy in examining their mouth parts, I sent some to the

Rev. T. Blackburn for his opinion, and one to Mr. George

Lewis, and under such species their opinions are herein given.

This paper is purely systematic ; as although the relations

existing between the ants and their guests, often very unwel-

come ones, are very interesting ; it was not now considered

advisable to deal with such relations, as they would have unduly

lengthened an already long paper, and are l^est considered

separately.

• For most of the names of the ants, bees and termites I have

to thank Mr. W. W. Froggatt. Many of the beetles, however,

were unfortunately simply noted as being from nests, without

specimens of the ants, etc., being saved for reference. Tlie

known hosts are as follows:—
Ants.

Amblyopone australis, Er.

Camponotus aeneopilosus, Mayr.
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Camponotus dorycus, Smith.

Camponotus nigi'iceps, Mayr.

Camponotus novae-hollandiae, Mayr.

Colobopsis gasseri, Fab.

Dolichoderes scabaridus, Roger.

Ectatomnia metallicum, Smith.

^

Ectatoinma reticulatum, Forel.

Ectatomma socialis, Macl.2

Iridomyrmex glaber, Forel.

Iridomyrmex gracilis, Lowne.

Iridomyrmex nitidus, Mayr.

Iridomyrmex rufoniger, Lowne.

Leptoniyrmex detectus, Smith.
Lobopelta excisa, Mayr.

Myrmecia forficata. Fab.

Myrmecia pyriformis, Fab.

Pheidole bos, Forel.

Pheidole coneentrica, Fab.

Pheidole conflicta, Forel.

Pheidole tasmaniensis, Mayr.

Ponera lutea, Mayr.

Podomyrma gratiosa, Smith.

Bees.

Trigona carbonaria. Smith.

Apis mellifiea, Linne.

White Ants.

Coptotermes lacteus, Frgt.

Coptotermes raffrayi, Wasm.

The beetles are as follows:—

Carabidae.

On commencing the present paper Mr. T. G. Sloane was asked

as to whether he knew any Carabidae that could really be re-

garded as ants'-nest beetles. In reply he wrote :
—" I have

1 This species has numerous varieties.

2 Probably Ponera lutea.
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ahvays thought that the species of Silphdninrplid are. in the

imago state, predatory on the little black ants that frequent

trees ; Dodd holds the same view, and sent me a sjoecies of

Silplioynorpha -with an ant on a card, Avith the note that it was

a devourer of these ants. I have seen S. suturalis beset by

ants, and killing them, but the ants were too plentiful and lively

for it to have any chance of making a dinner. The Pseudo-

morjjhifii are the only Carabs that I know of as being ant-

eaters."

AdeJotopus celeripes. n.sp. (Fig. 1.)

Black, highly polished ; appendages bright red, tarsi some-

what darker. Margins of elytra with pale and almost regular

setae.

Head about twice as wide as long, with an extremely faint

median line
;
punctures absent. Prothorar about three times

as wide as the length down niiddle, apex emarginate to receive

the head to half-way between the eyes ; margins moderately

wide ; median line short and very indistinct ; punctures very

minute and vague. Elytra with a strong puncture or small

fovea on each side of base close to suture ; with moderately

dense and very minute punctures, and with some slighth' larger

ones forming feeble rows ; margins narrow and very finely ser-

rated. Abdomen with rather small jDunctures transversely

arranged. Length 5. width 2| mm.
Hah.—W. Australia : Swan River (A. M. Lea).

Readily distinguished from all other species known to me by

its great width (even more than that of brevipennis), high polish

(as in politus), and uniformly coloured elytra (not even diluted

with red at the tip), on which are two conspicuous sub-basal

punctures. Several other species have such punctures, but are

narrower or have the elytra not entirely deep black. In most

of the black species of Adelotojnis the sterna and abdomen are

red, but in this species they are as dark as the upper surface.

The seriate punctures on the elytra are visible only from certain

directions.

One of the two specimens before me was taken from the nest

of a stingless "sugar" ant, probably of the genus CamjJonotus

;
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it was extremely active, and I had to strike it ([uickly (and in

so doing broke one of the elytra) to capture it.l Of the other

specimen I have no record as to how it was taken.

Adelotopus variolas us. n.sp.

Black, highly polished
;
pygidium, uietasternum. al)domen and

appendages reddish ; glabrous.

Head regularly convex, more than twice as wide as long

;

without punctures or median line. Prothoi^ax about twice as

wide as long, apex emarginate to receive head up to about one-

third the leno'th of eyes ; margins moderately wide ; punctures

very indistinct. Elytra with very minute punctures, and with

rows of very minute but slightly larger ones ; margins narrow

and not at all serrated. Abdomen with rather small and fairly

numerous punctures. Length 7^, width 3^ mm.
Hah.—X.S. Wales: Sydney (A. M. Lea).

The proportions are almost as in the common dytiscoides, but it

differs from that species in being smaller, more polished, and

with the fine sculpture very different. Scattered over the upper

surface are numerous small, small-pox-like impressions, or the

marks made in drying mud by rain, and they are shallower and

larger on the prothorax than on the elytra, l)ut although distinct

enough on close scrutiny, they are not very conspicuous. I

have not seen similar impressions on any other species. The

polish is almost as high as in politus, but that species is smaller

and narrower, with the fine sculpture different. Brevlpennis

has the proportions much the same, but is smaller, and with

the fine sculpture different. From .certain directions the ex-

treme tip of the elytra appears to be diluted with red, but from

others the elytra appear entirely black.

The ty))e was obtained under a stone from a nest of ants
;

several other speciiuens probabh* belonging to the species were

seen associated Avith ants near Sydney, under stones, but they

managed to escape captui'e by their extreme agility. The type

was sent shortly after its capture to Mr. Sloane, and returned

1 .Judaeti by their outlines and short legs one would think that the species of Silpho-

morpha and Adelotnpits would he aniorif;st the slowest of all the CarahUiae, but as a matter

of fact some of tliem are anionyst the quickest moving beetles known.
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as unknown to him. The whole of its appendages are damaged,

but the parts that are left are of the same shade of red as the

abdomen.

Adelotopus fasciatus, Cast.

Fairly common in nests of a small blackish-brown ant that

occurs under bark of several species of Eucalyptus and Banksia

about Sydney.

Philophlaeus, sp.

A single specimen of this genus was taken from under an old

log in a nest of Colohopsis c/a-sseri, and its presence there some

distance from the nearest living tree could hardly have been

accidental. It is closely allied to quadripeunis, obtusus and

truncatus, but with the hind angles of the prothorax more

strongly rounded off. As the markings of the species of this

genus are often very variable, and I have seen but the one speci-

men, it is not now dealt with in full.

Thenarotes discnidaUs, Blackb.

Mr. Davey sent a specimen of this species as having been

taken in the nest of a small black ant in a log. It was prob-

ably there by accident, however.

Taclnis ,»/////?, Sloane.

Mr. Davey sent a single specimen as having been taken from

an ants' nest at Portland (Victoria), and wrote :
" This is the

same beetle that I have seen tive or six of in one nest in a rotten

log on the Gellibrand River, but I was not too keen on them at

the time, and thej' soon got out of sight, but there is little

doubt, I think, that it associates with ants."

Staphylinidae.

Fahu/ria faureli, Sol.

A single specimen of this species was taken on Mount Wel-

lington, Tasmania, right in the centre of a large nest of CoJo-

bopsis gasseri. It moved freely amongst the ants, who did not
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iiiteifere with it in any way. Tlie species is common under logs

which have most of their under surface free from the ground ;

and, although often seen near ants' nests, I cannot remember

seeing more than this one specimen actually in a nest.

Myrmedoiiia clavigera, Fvl.

One specimen taken in a nest of a small red ant.

Polylohus seminjmcus, n.sp.

Head, elytra and metasternum piceous-brown, prothorax some-

what paler, abdomen testaceous, towards apex somewhat darker
;

legs and palpi flavous ; antennae smoky brown, but basal joints

somewhat paler. Head, prothorax and elytra opaque, abdomen

shining.

Head slightly transverse, base rounded. Eyes small. An-

tennae slightly passing base of prothorax, slightly thickened

towards apex, most of the joints transverse. Prothorax lightly

transverse, front angles obtusely rounded, hind angles almost

rectangular, sides almost parallel, a wide shallow depression on

each side ; with dense, minute punctures. Elytra not much

wider than prothoi'ax, sides very feebly dilated posteriorly
;

with dense, small punctures. Abdomen about half total length,

parallel-sided, margins strongly raised, especially towards base
;

punctures indistinct. Length \\, to apex of elytra f mm.
Hah.—Tasmania : Hobart, Huon River, Launceston. In nests

of Ectatomma metallicum (A. M. Lea).

The elytra are usually diluted with testaceous towards the'

base ; the apical half of the abdomen is somewhat darker than

the basal half, but there is no sharply defined meeting of the

shades of colour. The prothorax, although paler than the head,

is never so pale as the base of the abdomen.

Readily distinguished from all the following species by the

opaque head, prothorax and elytra, with the prothorax shal-

lowly bifoveate, although from some directions the imjDressions

are indistinct.

On this and the five following species the clothing is much
alike, and consists of dense fine pubescence on the lower surface

of abdomen, rather sparser and longer on its upper surface, very
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fine on elytra, and with the surface elsewhere glabrous or appa-

rently so. The first six are from nests of the " green-head

"

stinging ant, and in size and colour are more or less alike.

The following table, in which, however, three species from the

nests of other species of ants are included, may be of use in

distinguishing them.

Upper surface entirely black ------ colohopsis

Upper surface not entu-ely black.

Elytra entirely pale ------ pallidominor

Elytra partly or entirely dark.

Prothorax decidedly opaque - - - - semiox>aciis

Prothorax more or less shininnj.

Sides of prothorax gently rounded

towards base.

Prothorax of uniform colour - - ectatommae

Prothorax paler at sides of base

than on disc - - - intrepidus

Sides of prothorax oblique towards base.

Head opaque - - - . coxi

Head shining.

Head pale - - - - infuscaticornis

Head dark.

Abdomen entirely pale daveyi

Abdomen partly dark - tasmaniensis

Polylohus coxi, n.sp. (Fig. 28).

Of a dingy piceous-brown, head almost black
;
prothorax of a

dingy red ; legs somew^hat flavous. Head opaque, prothorax and

elytra feebly shining.

Head as long as wide, hind angles rather strongly rounded.

Eyes small and fairly prominent. Antennae not passing base of

prothorax, moderately thickened towards apex, most of the

joints strongly transverse. Prothorax feebly transverse, front

angles rather strongly rounded, sides feebly but distinctly de-

creasing in width, with straight outlines to base, hind angles

rectangular, with a small feeble impression in middle of base
;

Avith dense minute punctures. Elytra fiat, not much wider

than prothorax, and visible portion along middle very little

longer, sides very feebly increasing in width posteriorly ; wdth
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dense, minute punctures. Abdo/ue/i, almost parallel-sided ;
punc-

tures indistinct. Length Ih, to apex of elytra f mm.

Hab.—N.S. Wales: Sydney. In nests of Erfatom ma metal-

licurn (H. W. Cox).

The elytra and abdomen are almost of the same shade of

colour, but the abdomen is more shining, from some directions,

however, its apex appears to be somewhat paler. The palpi are

somewhat darker than the legs, and somewhat paler than the

base of antennae ; the rest of the antennae, however, is much

darker. Tlie sides of the prothorax are very thin and appear to

be separated from the disc (which in consequence appears fairly

convex) by a shallow longitudinal imjDression, which, however,

is nowhere well defined or foveate in character.

Polylohus tasmaniensis, n.sp.

Head, elytra and metasternum blackish brown, prothorax and

abdomen of a dingy reddish testaceous, the median segments

of the latter more or less stained with piceous ; antennae piceous

brown, basal joints slightly paler ; legs and palpi somewhat

obscurely flavous.

Head and antennae of much the same shape as in semiopacus ;

prothorax, elytra and xibdomen also with simjilar outlijneis.

Prothorax very feebly but evenly convex throughout, punctures

indistinct. Elytra with dense, minute punctures. Length If,

to apex of elytra 1 mm.

Hah.—Tasmania : Hobart, Launceston, Huon River, in nests

of Ectatomma metallicuni' (A. M. Lea).

The general outlines are almost exactly as in semiopacus, but

the prothorax is without fovea, and is shining, as are also the

head and elytra. It appears to be the commonest of all in

Tasmania.

Some specimens have the elytra entirely dark, but in others

they are slightly diluted with red towards the base. The dark

median portion of the abdomen is distinct enough, but not

sharply defined, and is usually more noticeable on the upper

surface than the lower.

Five specimens from Hobart appear to Ijelong to the s))eiies,

but differ in having the head but little, or not at all, darker
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thiin the prothoi'ax, and the abdomen nowhere piceous. In

colour, except that the elytra are darker, they agree with

infuscaticDriiis, but have the head somewhat larger and the

elytra wider.

Polylohns daveyi, n.sp.

Head, elytra and metasternum more or less piceous-brown,

prothorax of a dull red, abdomen reddish testaceous ; legs,

palpi, and base of antennae somewhat obscurely flavous.

Head rather small and feebly transverse, hind angles strongly

rounded. Eyes small and inconspicuous, antennae just passing

base of prothorax, lightly incrassated towards apex, most of the

joints distinctly transverse. Prothorax lightly transverse, front

angles strongly rounded, sides then slightly oblique, basal angles

rectangular
;

punctures very indistinct. Elytra more convex

than usual, sides feebly rounded ; with very feeble punctures.

Abdomen rather narrower than usual, parallel sided through-

out ; margins rather strongly and evenly raised. Length 2

<(vix), to apex of elytra 1 mm.
Hah.—Victoria: Forrest, in nests of Ectatomma metallicuin

(H. W. Davey) ; N.S. Wales : Sydney, in nests of same species

of ant (A. M. Lea).

Kather more shining than tasmaniensis, obliquity of sides of

prothorax more pronounced, and abdomen entirely pale ; elytra

uniformly darker than prothorax, although not veiy dark. The

outlines of the prothorax are almost exactly as in Com, but the

sides do not appear separated from the disc by a shallow longi-

tudinal impression ; in consequence the convexity is almost even

throughout.

Two specimens from Tasmania (Launceston) differ in having

the elytra diluted with red towards the base.

Pohjlohits infuscatirorni's, n.sp.

Of a rather pale reddish testaceous; ; elytra entirely or

towards apex, and metasternum slightly infuscated, antennae

infuscate except basal jomts ; legs and palpi somewhat flavous.

Head rather small and feebly transverse, base rather strongly

roimded. Eyes small l)ut fairly prominent. Antennae compara-
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lively tliin. just passing base of prothorax, most of the joints

rather lig-htly transverse. Prothorax and elytra with outlines

and punctures as in preceding species. Ahdomen feebly dimin-

ishing in width posteriorly. Length 2 (vix), to apex of elytra

1-5 mm.

Hah.—Victoria : Ararat, in nests of Ectatomma metalUcum

(H. W. Davey) ; N.S. Wales : Forest Reefs, in nests of same

species of ant (A. M. Lea).

In build close to preceding species, but head smaller and

entirely pale, and elytra paler. The pale head will readily dis-

tinguish from all the other species here described. The elytra,

even in the darkest specimens, are not very dark.

Polylohus ectatommae, n.sp. (Fig. 29.)

Reddish testaceous, abdomen somewhat paler than prothorax,

head more or less infuscated, elytra more or less piceous brown,

but at base but little, or not at all, paler than prothorax, legs

and palpi paler than abdomen, apical half or two-thirds of

antennae infuscated. Head, prothorax and elytra feebly shin-

ing.

Head rather longer than wide, base rather strongly rounded.

Eyes small and inconspicuous. Antennae rather thin, distinctly

passing base of the prothorax, but few of the joints decidedly

transverse. Prothorax lightly transverse, front angles mode-

rately, the hind angles feebly rounded, sides very feebly

rounded ; base with three small and very feeble impressions

;

with dense minute punctures. Elytra very little longer and

scarcely wider than prothorax, basal tmd apical angles rounded,

sides elsewhere parallel, with dense minute punctures. Ahdomen
parallel, not much narrower than elytra; punctures feeble.

Length 1 4-5, to apex of elytra .4-5 mm.
Hah.—Tasmania : Launceston, in nests of Ectatomma 'inetal-

licum (A. M. Lea).

Several specimens have the head no darker than the pro-

thorax, and two have the middle of the abdomen very feebly

infuscated.

More parallel-sided and rather more depressed than any of

the preceding species, and with the prothorax evenly rounded on
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the sides, and scai'L-ely oblique to the base, which is of equal

width with the apex. In colour it is very close to the preceding

sjiecies.

Polylohus colohopsis. n.sp.

Black, shining, legs of a pale dingy brown. With very short,

indistinct pubescence.

Head about as long as wide, behind eyes almost parallel

sided. Antennae extending to middle coxae, first joint about

as long as three following combined, second longer than wide,

third very small, fourth to tenth transverse and feebly increas-

ing in width, eleventh ovate, slightly longer than ninth and

tenth combined. Prothorax moderately transverse, sides and

angles gently rounded, base and apex of even width
;
punctures

indistinct. Elytra slightly wider than prothorax and about

once and one-fourth as long, sides almost parallel : with small,

dense punctures. Abdomen parallel-sided almost to apex

;

punctures indistinct. Length Ij, to apex of elytra .2-3 mm.
Hab.—Tasmania : Mount Wellington, in a nest of Colohopsis

gasseri (A. M. Lea).

The minute size and deep black colour readily distinguish

this from all other species known to me. Tlie disc of the jDro-

thorax on the type is slightly depressed, but this may be due

to accident, as the depression is not quite median.

Polylohus intrej)id'us, n.sp.

Of a rather dingy brownish flavous, some parts darker. With

short, pale and moderately dense pubescence.

Head feebly transverse, sides gently rounded ; antennae

slightly passing middle coxae, first joint moderately long, second

slightly longer than wide, third and fourth small, fifth to tenth

transverse and of almost even width, eleventh elongate-ovate,

the length of three preceding combined. Frothorar moderately

transverse, sides and base gently rounded
;
punctures indistinct.

Elytra, very little wider than prothorax, and along middle no

longer ; almost parallel-sided ; with dense and very small

punctures. Ahdomen parallel sided almost to apex ; with dense,

minute punctures. Length H. ro apex of elytra | mm.
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Hah.—Tasuumia : Huon River (A. M. Lea).

The evenly rounded base of prothorax and bi-coloured elytra

readily distinguish from the species associated with Ectatoinnid

vietaUicuin. In many respects close to the description of

tasmaiiicus, but the colours dingy, abdomen with less of the

segments dark, elytra not subtriangularly marked about the

suture, and not " considerably longer than the prothorax,"'

punctures of the latter not moderately strong, etc.

The head, upper surface of fourth abdominal segment, hind

angles of elytra to a large extent, and the suture, are blackish

brown, or at least much darker than the other parts ; on the

elytra the dark parts are not sharply limited, but extend almost

to the shoulders and suture. The second to fourth abdominal

segments on the under surface are moderately infuscated ; the

hind angles of the prothorax are slightly diluted in colour
;

the legs are uniformly of an almost clear flavous ; the antennae

are about the same at the base, but the apical joints are feebly

infuscated. From some directions the prothorax appears to

have a large shallow depression on each side at the base; but this

appearance is due solely to colour. The abdomen is curiously

distorted at the apex in the two specimens before me, but as this

may be due to violent protrusion of the genital organs, it is

perhaps best not formally described as of specific importance.

On turning over the stone covering these beetles the ground

was seen to be swarming with the small black Colobopsis yasseri

and a " jumper," Myrmecia. Almost as soon as it was turned

a series of battles was waged between the two species of ants,

but amongst them the beetles moved with unconcern. I would

have liked to have examined the nests at length, but the jumpers

were getting rather too familiar.

Poljlhthn^ pallidominor, n.si").

Of a, rather dingy Havous ; basal half of head and third and

fourth abdominal segments stained with brown. With mode-

rately dense, short, pale pubescence.

Ilejtd distinctly transverse, sides moderately rounded. An-

tennae short, not extending to base of prothorax, most of the

joints transverse, eleventh briefly ovate, slightly longer than
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ninth and tenth combined. Prothorar: rather strongly trans-

verse, sides rather strongly rounded, base feebly rounded and

slightly wider than apex ; with dense minute punctures. Elytra

scarcely wider than prothorax, and along middle a trifle shorter,

sides parallel ;
punctui'es veiy small and dense. Abdomen

parallel sided except at tip; with dense minute punctures.

Length Ij, to apex of elytra 2-3 mm.
Hah.—N.S. Wales : Sydney, in a nest of Iridomyrmex

rufoniger (H. W. Cox).

A pale minute species.

Calodera cuneifera, n.sp.

Black, appendages piceous-brown. With rather dense, short

pubescence, sparser and slightly longer on abdomen than else-

where ; sides, except of head, with sparse and moderately long

setae, on abdomen at apex of segments as well as on sides.

Head lightly transverse, sides rather strongly rounded ; with

dense minute punctures. Antennae passing middle coxae, first

joint as long as second and third combined, second very little

longer than third, fourth to tenth transverse, the fourth and

fifth slightly narrower than the others, which are of even width,

eleventh almost as long as four preceding combined. Prothorax

almost twice as wide as long, sides and base moderately rounded,

the latter not much but distinctly wider than apex
;
punctures

dense and veiy minute. Elytra at base no wider than prothorax

and very little wider at apex, along middle no longer ; punc-

tures dense and very minute. Abdomen long, the five basal

segments parallel-sided, thence tapering to apex
;
punctures in-

distinct except posteriorly. Length 3, to apex of elytra \\ mm.
Hah.—Victoria: Ararat, from a nest of Ertatomma metal-

licum (H. W. Davey).

Differs from atypha in being considerably narrower and less

polished, antennae not conspicuously paler at base than at apex,

and pubescence of prothorax and elytra denser, finer and more

depressed.

The apical joint of antennae from one direction appears to be

parallel-sided, with the apex gently rounded ; from another

direction it is seen to diminish in width from the base to the
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apex ; so as to be wediie-shaped, as in some of the species of

Dabra : the eighth, ninth and tenth joints from some directions

appear to be quite repuhirly transversely oblong.

Calodera punctiventris, n.sp.

Bright reddish castaneous, elytra and parts of fifth and sixth

abdominal segments darker, appendages flavous or reddish

flavous. With moderately short and fairly dense pubescence,

longer a.nd sparser on abdomen than elsewhere ; sides, except

of head, with sparse and moderately long setae.

Head rather small, very little wider than long, sides evenly

rounded ; punctures indistinct. Eyes prominent. Antennae

comparatively thin, scarcely passing middle coxae, first joint

as long as second and third combined, second not much longer

but distinctl}' wider at apex than third, fourth shorter than

third, but not transverse, fifth to tenth transverse, and gradually

increasing in width, eleventh rather briefly ovate, about the

length of ninth and tenth combined. Pr-othorax not much wider

than long, scarcely the width of head across eyes, sides and base

very feebly rounded, the latter about the width of apex, which

is truncate; punctures dense and minute. Elytra very dis-

tinctly wider than prothorax, but along middle no longer,

shoulders rounded, sides parallel
;
punctures rather more distinct

than on prothorax. Abdofnen long, parallel-sided to about the

middle, thence gradually tapering to apex ; each segment with

dense and rather coarse punctures at the base, becoming smaller

or disappearing posteriorly. Length 3, to apex of elytra 1 mm.
Hah.—Victoria: Ararat, in a. nest of Ectatomma metaUirum

(H. W. Davey).

The head is a trifle darker than the prothorax, the elytra are

less noticeably stained with brown about the sides and base

than elsewhere, but at a glance appear of an almost uniform

shade of colour. The fifth abdominal segment, except its

margins and tip. and the l^asal half of the sixth, except its

margins, are almost black.

Calodera laticollis. n.sp.

Pale reddish castaneous, disc of elytra slightly infuscated,

head almost black, except muzzle ; abdomen w^ith dark parts as
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in preceding species ; appendages flavous, but antennae slightly

infuscated, except towards base. Clothing as in preceding

species.

Jhad distinctly transverse, sides behind eyes (which are not

specialh- prominent) very feebly rounded ;
punctures small and

indistinct. Antennae as in preceding species, except that the

fourth joint is transverse. Prothorar almost twice as wide as

the length down middle, sides and base rather strongly rounded,

the latter distinctly wider than apex ; punctures very minute,

but -with a few larger (but still small) ones forming a transverse

series near base. Elytra slightly wnder than prothorax, and

scarcely longer along middle ; sides feebly dilated to apex

;

with dense and small, biit fairly distinct, punctures. Abdomen

parallel-sided to beyond the middle, and then feebly tapering to

apex ; with rather dense punctures, on the four basal segments

coarser at base than elsewhere. Length 2|, to apex of elytra

1 mm.
Hah.—Tasmania: Bagdad, in a nest of Ectafoitima inetallicum

(A. M. Lea).

In general appearance very close to the preceding species, but

eyes less jorominent, prothorax less convex, and wider than

head, instead of narrower, and antennae somewhat infuscated

towards apex ; the stronger abdominal punctures are also some-

what smaller and are not present on all the segments.

Homalota australasiae. n.sp.

Of a pale dingy brown, head, elytra and fourth and base of

fifth abdominal segments darker, legs almost flavous, antennae

about the same at base but slightly infuscated towards apex.

With moderately dense, but extremely short pubescence.

Head moderately transverse, sides evenly rounded, antennae

just passing base of prothorax, first joint moderately long,

second slightly longer than wide, third small, fourth to tenth

transverse and of almost even width, eleventh ovate, slightly

longer than ninth and tenth combined. Prothorar aljout once

and one-half as wide as long, sides and base gently rounded,

tiie latter scarcely perceptibly wider than apex ; punctures dense

and minute. Elytra sightly wider than prothorax. and about
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once and one-half as long, sides ])iirallel. punctures dense and

minute. Abdomen long and parallel sided almost to apex ;

punctures minute and indistinct. Length U, to apex of elytra

J mm.

Hah.—Victoria : Forrest (H. W. Davey), Emerald ; Tasmania :

Mount Wellington, Hobart, Huon River, Swansea ; N.S. Wales :

Sydney, Forest Reefs. Dalmorton ; W. Australia : Swan River,

Karridale, Albany, Bridgetown, Pinjarrah (A. M. Lea).

In general appearance like atyphella but somewhat paler and

much smaller. On some specimens the elytra are but little, or

not at all, darker than the prothorax ; the dark parts of the

abdomen are sometimes extended to the second and sixth

segments ; the head is occasionally black, but as a rule is of a

rather dark brown.

Mr. Davey sent two specimens as from the nest of a small

black ant in a log, on another occasion he sent twenty-five as

from close to a nest of the same species of ant. Most of the

specimens taken by myself were from flood debris.

Dahra n/'tida, n.sp. (Fig. 2.)

Shining. Reddish castaneous ; elytra and several abdominal

segments slightly stained with piceous. Very finely pubescent,

a few setae at sides of abdomen ; hind angles of prothorax and

elytra each tipped with a seta.

Head slightly sw(jllen behind the eyes, and somewhat flaltened

between them. Antennae longer and thinner than in other

species of the genus, and passing ba.se of prothorax. first joint

slightly longer than second and 1:hird combined, eleventh as

long as ninth and tenth eombined, some of the intermediate

joints wider than long, but none strongly transverse. Prothorax

about twice as wide as long, very fiat, sides not channelled, but

A vague depression on each side in front, apex feebly incurved

to middle, front angles rounded ; base distinctly wider than

apex, and bisinuate, hind angles acute ; with minute punctures,

more noticeable on sides than elsewhere. Elytra a])Oul as long

and as wide as prothorax, sides not channelled, hind angles

acute ; with dense, minute punctures. Upper surface of

attdonitii with a row of small setiferotis punctures at the apex
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of each segment. Legs rather long and thin. Length o^, to

apex of elytra 1 2-3 mm.

Hab.—Victoria : Sea Lake and Birchip (J. C. Goudie), Geelong

(H. W. Davey). In nests of Iridomyrmex nitidus.

All the other known species of the genus have several joints

of the antennae strongly transverse. The prothorax nonsetose

at the sides associates this species with termitophila, from which

it is i-eadily distinguished by its highly polished and consider-

ably flatter prothorax, with the elytra not channelled at the

sides and the antennae considerably longer.

Dahra termitophila. Lea.

There is a specimen from Hobart (the only Tasmanian ex-

ample before me) which I cannot distinguish from the types,

but it differs in being somewhat smaller (2J mm.) and slightly

narrower, with the antennae rather more inflated in the middle.

It may represent a variety, but it does not appear desirable to

name it as a variety without seeing additional specimens.

The original specimens were from a nest of Coptotermes

raffrayi.

Dahra termitopJiilu, Lea, var. virtoriensis, n.var.

Messrs. J. C. Goudie and H. W. Davey have sent from Sea

Lake and Geelong numerous specimens of a species, which

appears too close to termitophila to be regarded as distinct, but

which differ from the types of that species in having the pro-

thorax slightly more convex, and with less channelled sides. In

the types of ttrniitophila the channel on each side is well

marked and continuous from apex to base, although narrowing

posteriorly ; as a consequence the margins appears to project

almost horizontally. In the present variety the channel on

each side usually does not extend more than two-thirds of the

way to the base, and on several specimens is confined to the

apical fourth or even less ; on one specimen, in fact, the channels

are absent ; as a consequence the margins, or the greater portion

of them, appear to project obliquely downwards. The Victorian

specimens were taken in the nests of Iridoiiiyrniex nitidus.



Australian and Tasmanian Coleoptera. 135

Dahra convexicollis, Lea.

Occurs in nests of Ectatomma metaUirum.

Dahra myrmecopJiila, Oil.

Recorded originally as from ants' nests. Messrs. Goudie and

Davey have taken it in nests of Iridomyrmex nitidus.

Dahra cuneiformis, Oil.

Recorded originally as from ants' nests.

Dabposoma, n.g.

Head rounded at the base. Eyes small and mediolateral.

Prothorax almost truncate at apex, bisinuate at base, with the

hind angles feebly produced. Other characters much as in

Dabra.

In Dahra, although not mentioned in the original description,

the head is closely applied to the prothorax, and produced on

each side at the base into a rather acute angle, and the eyes are

sub-basal.l Jn the present genus the head is rounded on each

side of the base, and the eyes are much smaller and more

median.

Dahrosoma puhescens, n.sp. (Fig. 3.)

Of a dull reddish brown, head and prothorax stained with

piceous, median segments of abdomen almost black. Finely

l^ubescent all over, except upper sui-fMce of four basal segments

of abdomen, which are shining and each with a row of small

setiferous punctures ; a few small setae at sides of prothorax,

elytra and abdomen.

Head rounded, obtusely produced between antennae, with

indistinct punctures. Antennae passing base of elytra, not very

thin, first joint stouter and about as long as second and third

combined, these sub-equal in length and sub-triangular, fourth

to tenth gradually increasing in width, but none more than

moderately transverse, eleventh somewhat wedge shaped, slightly

i The figure of the head (I'roc. I.iiiii. Soc. N.S. Wales, vol. i., 2iKi series, pi. 7, fi^'. 2), is

niisIeadiTig.
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longer than three preceding combined. Protlun-dr feebly

convex, more than twice as wide as long, front angles olitusely

rounded, hind very feebly i>roduced, base not much wider than

apex; with dense minute punctures. Elytra slightly longer,

but not wider than prothorax, apex feebly sinuous ; with dense

minute punctures. Abdomen strongly margined, parallel-sided

to rear apex : about apex with small dense })unctures. J-ipys

rather long and thin. Length 1, to apex of elytra 2^ mm.

Hah.—Tasmania : Hobart, Parattah, in nests of Colohopsis

gasseri (A. M. Lea); Victoria: Geelong, in nest of Iridumyrmex

nitidus (H. W. Davey).

The prothorax usuall)^ has its angles somewhat paler than the

disc. One small specimen has the abdomen entirely dark. Two

have the abdomen terminated by a peculiar process, somewhat

like the closed forceps of an earwig ; but this has probably

been forced out, as in the other specimens it is not visible.

Tei'inophila, n g.

Head rounded, of moderate size. Eyes round, lateral, finely

faceted. Antennae inserted slightly in front of and close to

inner margin of eyes, slightly thickened externally, eleven-

jointed. Labial palpi two-jointed. Maxillae with numerous

spines. Prothni-ar strongly transverse, sides strongly rounded,

all angles rounded. Scutelhim small and normally not visible.

Elytra short, outline subcontinuous with that of prothorax.

Ahdotiien strongly nuxrgined, sides feebly decreasing in width.

Mes(Mernum with a narrow keel separating the middle coxae.

Femora stout ; tibiae rather short and thin ; tarsi thin, two

front pair four-jointed, the hind pair five-jointed.

In 011iff"s table of the Aleochariiia (Proc. Linn. Soc. N.S.

Wales, 1886, pp. 408-9) this genus would be placed with

Flarusa, from his description of which it differs in the maxillae

and rounded head, etc. In some respects it is close to Dahra,

but difi'ers in head, antennae, hind angles of prothorax, and in

the tarsi. Specimens of Jatehricola were sent to the Rev. T.

Blackburn some years ago, and he wrote of them :
" No doubt an

Aleocharid. A most delightful little thing of no genus known

to me."
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Termophila hifcbricola, n.sp.

Teslaeeous-brown, abdomen and appendap:es paler, as also the

margins of the prothorax, and margins and suture of elytra
;

mouth parts pale flavous. Shining. Head, prothorax and elytra

with a few straggling setae, not confined to sides ; abdomen with

more numerous ones on upper surface, mostly confined to apex

and sides of the segments ; on under surface somewhat more

evenly distributed.

Head smooth, base rounded, gently convex. Eyes not very

large. Antennae passing base of prothorax, first joint about

once and one-half the length of second, second to tenth sub-

equal in length but gradually increasing in width, tenth about

onco and one-half as wide as long, eleventh about as long as

ninth and tenth combined. Prothorar scarcely twice as wide

as long, regularly and rather strongly convex, but with very

narrow reflexed sides, sides rather strongly rounded, front angles

strongly rounded, hind ones moderately so, base very gently

rounded. ScutelluDi small and usually concealed. Elytra

slightly longer than prothorax, regularly convex. Abdo/neii

about half total length, decreasing in width hindwards, five

basal segments strongly margined. Length 2^, to apex of elytra

1| mm.
Hah.—N.S. Wales : Galston, in nest of termites (A. M. Lea).

The upper surface of the abdomen is often paler than the

elytra, but sometimes is just as dark. The appendages, how-

ever, are alwa3's paler, but the mouth parts, even in apparently

immature specimens, are always much paler (almost white). The

head, prothorax and elytra are without punctures, as is also the

abdomen, except for reception of setae. Li nearly all the speci-

mens the abdomen is curled upwards to its tip.

Obtained in abundance from a termites' nest in the pipe of a

large " L'on-Bark. ' Hundreds of specimens could have been

taken on the only occasion when the species was found. Many
of the specimens are entirely pale, pei'haps from immaturity.

Tert)uipln1(i pu iirtivt iitria, n.sp. (Fig. 4.)

Testaceous brown, prothorax slightly paler than head or

elytra, abdomen still paler, l)ut with the fifth segment piceous
;
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appendages of a rather pale testaceous. Shining. Head glab-

rous, prothorax and elytra with short sparsely distributed setae

;

abdomen with rather sparse but more noticeable setae, more or

less confined to apex and sides of the segments.

Head wide, somewhat flattened in middle. Eyes rather small.

Antennae extending almost to apex of elytra, first joint mode-

rately long, second to tenth subequal in length, but gradually

increasing in width, eleventh as long as ninth and tenth com-

bined, and obtusely rounded at apex. Prothorax gently convex,

twice as wide as long, wider than head and at base the width

of elytra, front angles strongly, the hind ones moderately

rounded, apex gently incurved to middle, base gently but dis-

tinctly rounded. ScutelJum transverse and distinct. Elytra

along middle somewhat shorter than prothorax, but longer at

sides, hind angles somewhat acute. Abdomen with four basal

segments sub-parallel and strongly margined, the others dis-

tinctly decreasing in width, and only the fifth with a margin

(which is much less distinct than on the basal ones), fourth

longitudinally strigose on upper surface, fifth with very distinct

punctures on both surfaces, sixth feebly punctate, apex semi-

circularly emarginate. Length 2-|, to apex of elytra Ij mm.

Hah.—W. Australia : Bridgetown, in a nest of white ants

(A. M. Lea).

A highly polished and (except for the abdomen) impunctate

species like the preceding, but with prothoracic margins (which

although slightly upturned or flattened at the hind angles, are

not narrowly reflexed) different, and with a distinct scutellum.

It possibly should have been referred to a new genus, but having

but one specimen I have not ventured to risk breaking it to

make sure of this, nor have I been able to count the tarsal

joints. It should, however, be readily identified amongst the

Australian Stapliyhinidae by its peculiar fifth abdominal seg-

ment.

('ano-sD/na artirinn. Oil.

One specimen sent by Mr. Davey as having been taken in the

nest of a small black ant in a log.

Conosoiua riifxpaJye, Macl.

Taken by Mr. H. W. (\)x in a nest of Fonera lutea.
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Cunofoina baryceplialum, Lea.

Taken in a nest of Campotwtus Novae-H ollandiae.

Conoaoiiia myrmtcopJiilum, Lea.

The type was taken from an ants' nest.

Scopaeus latebricola, Blackb.

Mr. Cox sent three specimens of this species as having Ijeen

taken from a nest of Iridomi/rmex rufoniger.

The type was from tlood debris in S. Australia. I have also

taken the species in flood debris in N.S. Wales.

Sunius aequalis, Blackb.

An occasional visitor to ants' nests under stones. Mr. Davey

has also taken the species from nests of a small black ant in

logs.

Oxytelus sparsus, Fvl.

Two specimens of this very common dung beetle were sent by

Mr. Davey as having been taken in a nest of Ectatomma metal-

licu/n.

Oxytelus micropterus. Lea.

One specimen taken from a nest of Iridoinyrmex gracilis, but

possibly there by accident.

Lispinus suhieeuHis, Fvl.

Mr. H. W. Cox writes that he has taken this species in a nest

of Termes lactis. It is a common species under bark in the

coastal districts of N.S. Wales.

TrogophJaeus niyrmecophilus, n.sp.

Black, sub-opaque, legs (femora more or less piceous), palpi

and basal joint of antennae obscurely testaceous. Veiy finely

XMibescent.

Head with a shallow groove on each side between eyes ; with

small dense punctures. Antennae passing base of prothorax,

first joint rather large, second slightly longer and distinctly

thicker than third, the others feebly increasing in width.

Fratliorax lightly transverse, wider at apex than at base, the
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width of head, but slightly narrower than elytra (at base

much narrower), with two distinct curved impressions, a rather

short one in middle, and a longer one at base so curved as almost

to extend to the apex on each side
; punctures as on head and

elytra. Elytra subquadrate, shoulders square, sides parallel, apex

gently incurved to middle. Abdomen parallel-sided, sides

strongly margined
;

punctures dense and small. Legs rather

shoi't. Length 1^, to apex of elytra 2-3 mm.
I! ah.—N.S. Wales : Sydney, three specimens from a nest of

IridoDn/rmex rufoiiigei- (H. W. Cox).

The elytra are quite as black as the rest of the upper surface.

The impressions on the prothorax are separated by a slight

ridge, the basal one is somewhat interrupted, so that from some

directions it appears to consist of several shallow transverse or

slightly curved foveae.

Of the size of exujuus, but with prothorax distinctly sculptured

and legs ])aler.

Eleusis nigriventris, n.sp. (Fig. 5.)

Castaneous, abdomen black.

Very fiat. Head almost parallel-sided behind eyes, hind angles

gently rounded, with a short narrow neck, front somewhat pro-

duced between antennae and obtuse, with two strong median

impressions not quite continued to base, and a finer but con-

tinuous impression on eacli side ; with fairly large, clearly

defined punctures. Eyes small, projecting, and at one-third

from apex. Antennae inserted on extreme sides half-way

between eyes and apex, eleven-jointed, rather thin and of almost

uniform thickness ; first slightly stouter and about once and

one-fourth the length of second, second slightly longer than

third, and third than fourth, fourth to tenth slightly transverse,

eleventh obovate, almost twice the length of tenth. Prothorax

slightly narrower than head, moderately transverse, widest at

apex, thence with oblique sides to base
;
punctures smaller than

on head, and forming two almost regular median lines, the space

between which is impunctate. Scutellum equihiterally trian-

gular, impunctate. Elytra oblong, about one-fourth longer than

wide, and the width of head : with denser but smaller punctures
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than ou ])rothnrax. AhdoniiN about as long as i)rotliorax and

elytra coniViined, suh-iiai-allel sided to near apex, i^euiith "if,

to apex of elvtra 1^ nun.

//«&.—Victoria : Portland (H. W. Davey) ; Tasmania : Hobart

{X. M. Lea).

The specimen from Portland was taken " under bark of a

swamp o-um in a nest of small black ants that run about with

I heir abdomens cocked in the air." No record was kept as to

how the Hobart specimen was taken.

It is with doubt that this species is referred to EIfii<is, as the

shape of the prothorax is very different to that of the two

species (^phtnicolJiK and ixirva) previously recorded from Aus-

tralia, the head is of somewhat different shape, with strong im-

pressions, the eyes are smaller and prominent, and the front

coxae (which are comi^aratively small, subglobular and con-

tiguous) are smaller and more rounded. The tarsi appear to be

the same, but I am unable to decide as to the number of their

joints, owing to the basal half being obscured by fine setose

clothing ; they appear to be three-jointed, with the two basal

joints indistinctly separated and thin, the third long and thin,

but inflated at apex, and with strong claws. Quite possibly,

however, they ;ire four-jointed, or even five-jointed, as their

clothing renders them indistinct. They appear to be as in

planiroUis. The lal)ial palpi are minute.

Under a compound power the whole upper surface appears

covered with minute granules of uniform size. With a Codding-

ton lens it appears densely and minutely punctate, with larger

punctures scattered about. The a])domen at first appears to be

immarginate, but on close examination a fine impressed line can

be seen near the side of each segment. A few short setae are

scattered about on the sides.

(JlijlitdiiKi /ni/i-i/irrophi/uin, n.sp.

Reddish castaneous. Feebly shining. Ai)parently glabrous.

Head obtusely triangular in shape, but with a distinct neck,

obtusely bicarinated along middle and finely bicarinated on each

side, with between the two lateral carinae a small elevation.

Eyes rather small and lateral, vei'v distinct from al)ove, but
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more so fvoin Below. Antennae rather short, eighth to tenth

joints transverse, and, with the briefly oval eleventh, forming a

loose clul). Protliorax moderately transverse, sides almost

parallel on apical two-thirds, but then suddenly decreasing to

base : with a number of irregular costae, more numerous but

less defined at apex than at base. Elytra as long as wide,

almost square : each with at least six costae separating distinct

rows of punctures. Abdomen about half total length, four basal

segments narrower at base than apex, and each with a distinct

row of punctures, fifth slightly narrowed to apex, sixth tri-

angular. Legs rather short ; front and hind coxae touching,

middle almost touching. Length 2 1-6, to apex of elytra

1 - li nun.

Hah.—Victoria : Forrest, four specimens from an ants" nest

(H. W. Daveyj.

Under a Coddington lens the punctures, except on the elytra

and abdomen, are indistinct, but with a compound power they

are seen to be dense all over ; under a comjDound power also, an

extremely sparse golden pubescence becomes visible. The tarsi

are apparently three-jointed. Seen directly from in front the

head appears to have four longitudinal carinae placed at equal

distances. From the sides the median carinae are indistinct, but

the lateral ones more distinct and with a small elevation between

them, immediately above the insertion of antennae. From behind

or directly above it is difficult to make out the number or dis-

position of the carinae.

Differs from the description of sculptum in having the head

with more than three carinae, and each elytron with more than

four, and distinctly longer than the prothorax. The surface

also is densely punctate. From the description of sordidum in

being larger, and in the sculpture of upper surface ; the length

of its elytra, however, is apparently in the same proportion as in

sordidum.

Ghjjiti>ma kingi, n.sp. (Fig. 6.)

Of an almost uniform and rather bright chestnut-red, apical

joint of antennae somewhat paler. Apical segments of abdomen

finely setose, appendages finely pubescent, elsewhere glabrous.
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Head with a laiiie ol)tuse seiui-doul)le tubercle in middle of

base, a flattened rid^e above each eye, the two ridges with their

apices finely connected across middle of head. First joint of

antennae about as long as second and third combined, second

about as long as wide, the others feebly increasing in width and

becoming more transverse, so that the tenth is more than twice

as wide as long, eleventh briefly ovate. Prothorax not twice

as wide as long, margins thin, flat and rounded, front angles

somewhat acute and slightly produced, extreme base almost

rectangular and the width of apex ; with a Strong narrow carina

somewhat closer to each side than middle ; with a shallow but

distinct median line. Scutellum distinct, apex rounded. Elytra

slightly wider and longer than prothorax ; obtusely elevated on

each side of suture, with two strong costae on each side, one

forming the margin, the other close to it, the two conjoined on

shoulder. Abdomen with segments gradually decreasing in

width, closely applied together and elliptic in section. Coxae

comparatively small, front and hind pair touching, middle pair

almost touching ; femora tibiae and tarsi thin. Length "2\, to

apex of elytra 1 mm.
Hah.—N.S. Wales : Liverpool (R. L. King), Sydney, in nests

of Iridomyrmev nitidus^ (H. W. Cox) ; Victoria : Birchip and

Sea Lake, in nests of same ant (J. C G-oudie).

Under a Coddington lens the whole of the upper surface

appears impunctate. From each side there appear to be two

strong costae at the side of the head, prothorax and elytra.

From some directions the cephalic tubercle appeal's to be single,

but fi-oiu behind it is seen, quite distinctly, to be double.

I refer this species with some doubt to Glyptoiiia, as although

the tarsi appear to be three-jointed, it is not at all sure that

there is not a small hidden basal joint. Tlie strongly costate

upper surface, however, seems out of place in any other genus

than Glyptoma (unless a new genus should be erected for the

species) the limits of which (as it occurs in other parts of the

world) I am by no means sure of. The eyes, although very

convex, are quite invisible from above from certain directions.

The antennae and legs are apparently as in mxjrmecophilum,

but the abdomen is verj- different.

1 Mr. Cox has also recently taken it in a nest of E'ctatoinma metallicum.
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The species is dedicated to the meuiory of the hite Rev. R.

L. King, the discoverer of many interestintj ants'-nest beetles,

some of which are still undescribed. In his collection (now in

the Australian Museum) it was labelled as a Dinarda, but it is

not even close to that genus, which (as noted by the late A. 8.

OUiti') is close to Dabra, and which has the abdomen strongly

margined. In this species even the basal segments are immar-

ginate.

P.^ELAPHIDAE.

The species of this family are often referred to as ants'-nest

beetles, although many of them occur in moss, tussocks, under

fallen leaves, etc. Still many of them do occur in nests of ants

and termites. Of many of those recorded from Australia, the

type specimens were obtained during floods, or on fence tops,

etc., at dusk ; when their connection with their hosts could not

be ascertained ; although they really are inhabitants of nests

most of their lives. In many cases also the describers, although

they were informed that specimens were obtained in such nests,

failed to mention the same. This is also true of the Staphy-

linidae and Scydmaenidae. Whilst it is probable that some of

the anomalous species of other families are also really ants'-

nest beetles, although not so recorded.

Euphctops sndptus, King.

A specimen from Forrest (Victoria) sent by Mr. H. W. Davey,

as from a nest of small black ants in a log, probably belongs to

this species. It agrees well with the description, and is very

close to a sjDecies named (with a query) l)y M. Raffray as

sculptus from W. Australia ; the latter specimen, however, has

the median line of the prothorax rather feebly impressed,

whilst the Forrest specimen has it more deeply impressed (in

the original description King says " foveola elongata media
"'

and also " the median impressed line or elongated foveola.'

King referred the species to Bryaris, but in the index to

Euphctus.

Euphrtops gibhosus. King.

I have a specimen from King's collection, named as Batrisus

gibb()Sii<, and agreeing with his description. It is congeneric
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with the preeediniz- s^pecies, and readily distinguished from all

others of that genus known to me by the very strong prothoracic

sculpture. The type was from an ants' nest, and Mr. Davey

has taken several specimens in the nests of Irklomyrmex

iiitidiis at Geelong (Victoria).

In Raffray's recent monograph the species is referred to

Batrisodes, but this is not surprising, as King did not state

that three of the abdominal segments are strongly margined.

Euplectops udewahnii. King.

I have a co-type of this species, and also a specimen so

iden titled by M. Raffray.

The species occurs in N.S. Wales, Victoria and Tasmania, as

well as in S. Australia. Some of the Tasmanian specimens

were ol)tained from moss. Two specimens sent by Mr. Davey

were from the nest of a small black ant in a log.

Euplectopn viUosiis, n.sp.

? • Pale castaneous, appendages slightly paler. With very

sparse and indistinct pubescence, but in addition with numerous,

rather long, straggling, pale hairs.

Head with a strong curved median impression, behind

which the surface is veiy convex and longitudinally impressed

in middle ; antennary tubercles distinct, the inter-space rather

strongly depressed. Antennae rather thin, extending to base of

prothorax, two basal joints rather stout, third to eighth small

and subglobular, ninth somewhat larger but subglobular, tenth

somewhat transverse, narrowed in front, eleventh subovate,

slightly longer than three preceding joints combined, apex

produced. Prothorax slightly longer than wide, widest just in

front of middle, thence strongly narrowed to apex, near base

strongly transversely impressed with three longitudinal impres-

sions, the median one rather fine and not continuous to apex,

the lateral ones shorter and deeper. Elytra about as long as

wide, with eight small basal foveae, and with fairly distinct

scattered punctures, subsutural and discal striae distinct, but

the latter not continuous to apex. Upper surface of abdomen
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with a feeble medio-basal node, on each side of which is a

short oblique stria ; lower surface rather strongly convex

along middle. Legs rather thin. Length 1| mm.
Hab.—Victoria : Lovat, in nest of small black ant (H. W.

Davey).

The type is probably a female, but was described as the

secondary sexual characters in this genus are seldom very

pronounced, and the numerous long straggling hairs with which

it is clothed should render it very distinct. It is more convex

and with decidedly longer hair than in odeivahnii, and the

base of the prothorax is not as in sculphis. The median line of

the prothorax is continued across the basal impression, but

the latter is not forced backwards in consequence, as it is in

other species.

Plectostenus, u.g.

Head rather small. Eyes small. Antennae thin. Palpi

small, with three joints visible, the first small and almost

concealed, second thin, not very long and inflated at apex, third

about as long as second, elliptic, ob-ovate and terminated by a

seta. Under surface with a distinct conical projection on each

side concealing base of palpi. Prothorax longer than wide, with

a transverse sub-basal impression, median line absent. Elytra

rather small, with two short dorsal striae on each. Metasternum

and abdomen elongate. Legs rather long and thin ; hind

coxae almost touching ; tarsi thin, first joint very short, second

elongate, third somewhat shorter and terminated by a single

clavV.

Allied to Macroplectus but narrow, the club and abdomen
and under surface of head different.

Llectostenus gracilicornis, n.sp. (Fig. 7.)

3- Reddish castaneous, tarsi and palpi paler. With ex-

tremely fine pubescence.

Head strongly constricted near base ; convex between eyes,

with a minute central fovea ; a rather large fovea close to

each eye, and open in front. Antennae thin, basal joint par-
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tially concealed, second moderately stout, about the lenijth of

first, but distinctly longer than the exposed portion of that

joint, third to eighth each slightly longer than wide, ninth to

eleventh forming a thin club, ninth about twice the length of

eighth, and at base no wider, but slightly dilated to aj^ex,

tenth slightly shorter and wider than ninth, and very feebly

transverse, eleventh about as long as ninth and tenth combined.

Prothorax slightly longer than wide, sides widest and evenly

roimded somewhat nearer apex than base ; near base Avith a

strong transverse impression marked by three small foveae. one

in middle and one on each side
;
punctures indistinct. Elytra

almost as long as wide, sides gently rounded, angles distinctly

rounded ; with six small basal foveae ; each with two faint

dorsal striae ; punctures rather indistinct. Abdomen with seg-

ments rather long on upper surface, and with strong margins ;

the lower surface with a narrow, strongly ridged intercoxal

process, second to fourth segments narrowed across middle,

fifth strongly narrowed, and, with the fourth and sixth, flat-

tened. Metasternurn vaguely depressed along middle, but with

a conspicuous sub-conical tubercle on each side, half way

between coxae. Front trochanters very feebly dentate ; four

hind tibiae spinose at apex. Length 2 mm.
? • Differs in having antennae somewhat shorter, abdomen

almost parallel-sided, instead of rather strongly dilated pos-

teriorly, and convex along middle of under surface ; meta-

sternurn unarmed and tibiae without apical spines. Length

1 2-3 mm.
Hah.—W. Australia : Swan River, Bridgetown, from nests

of Fonera lutea (A. M. Lea).

Seen from the side each eye appears fto be at the point

where two conical tubercles should meet, one concealing the

base of the antennae, the other on the lower surface of head.

In appearance the antennae are suggestive of some species of

Heterognathus of the Scydmaenidat. The dorsal striae are

very faint, and the two on each elytron are seldom visible from

the same direction ; they arise from the basal foveae, and are

fairly distinct to the basal third, but are vaguely traceable to

beyond the middle. The tubercles on the metasternurn are very

distinct from the sides.
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Batrixodcs luyrmeco'philus, n.sp.

<?. Reddish-cast.meous. Clothed with fine, pale, sub-

depressed pubescence.

Head with a deep impression on each side, curved .
round

and joined together in front so as to be shaped like an H, the

apices subfoveate, the enclosed space rather strongly convex,

and with a feeble median impression ; with dense and fairly-

distinct punctures. Antennae extending to middle coxae, first

joint slightly longer than second, the others to eighth very

slightly shorter and narrower than ninth, this the length of

but slightly narrower than tenth, eleventh briefly ovate, about

half as long again as tenth. Prothorax slightly longer than

wide, widest across middle, thence regularly decreasing to apex

and irregularly to base ; with a distinct median line not quite

extending to apex, and terminated near base in a fovea ; basal

half irregular
;
punctures as on head. Elytra very little wider

than long, shoulders obtusely dentate ; each with a narrow

sutural stria, and a lightly curved discal one, which, however,

is not continued beyond the middle ; punctures at base as on

prothorax, but smaller elsewhere. Abdomen with dense and

fairly distinct punctures ; on each side of upper surface of three

segments with a fine impressed line, under surface somewhat

flattened along middle. Metastei-nuni with a wide shallow im-

pression. Legs rather long ; hind trochanters each with a

strong curved tooth, the median pair indistinctly dentate

;

femora rather stout ; tibiae distinctly curved. Length 2|^ mm.
Hah.—Victoria : Sea Lake, in a nest of Ponera lufea (J. C.

Goudie).

The absence of a cephalic carina and the structure of the

head generally will readily distinguish from most species of

the genus. In general appearance it is somewhat like hamat us.

The base of the prothorax appears to consist of two lobes,,

with their convex ends in front, and at the side each appears

from some directions to be dentate, but this is due principally

to a deep medio-lateral impression ; this impression is con-

tinued, with interruptions, to the base, and from some direc-

tions can be vaguely traced to the apex.

A specimen from Sydney, taken in a nest of the same sjDecies

of ant, appears to be the female ; it differs in being slightly



Australian and Tusmnniitn Coleopfera. 149

larger (2 2-3 mm.), shoulders more obtusely dentate, metas-

ternum flattened and trochanters unarmed.

liafrisodf-x nohilis, King.

A single badly danuiged male before me probably belongs to

this species. It was taken at Galston from the nest of a white

ant in the " pipe " of an " ironbark " eucalyptus tree. The type

of iiobilis was also from a white ants" nest at Parramatta (quite

close to Galston), but King considered it was there by accident.

The head of the Galston specimen is much as in Raffray's

figure of tirsinus,^ except that it has no basal carina. Each of

its hind trochanters is armed with a small, acute, curved spine.

Batrisiis aiiyalatus, Westw.

Recorded originally as from ants' nests. Tlie species is

omitted from Raffray's recent monograph in Wytsman's Genera

Insectorum. As the genus Batrisus is now defined, angulatus

certainly cannot belong to it, as the abdomen is figured as being

decidedly margined.

Batraxis armitagei. King.

Mr. Cox has taken single specimens of this species from nests

of Ponera httea and Ectatomina metallicuni, near Sydney.

The species was referred to Bryaxis by King, to Bafristin by

Schaufuss, and to Bafran's by Raffray.

Bdfraris laevif/ata, Rafi'r.

The specimens described by M. Raffray were taken from a

nest of C'amponotus ofUfopihii^us.

Biipinf-.^ h(i><pi'S, n.sp.

<?. Blackish brown, elytra dark reddish-brown ; legs pale

castaneous, fifth and ninth to eleventh joints of antennae

darker. Upper surface with conspicuous and rather long pale

hairs.

1 Proc. Linn. Soc. N. S. Wales, 1900, pi. x., fig. 27.
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Head with a shallow but fairly distinct impression close to

each eye, and a much less distinct one behind base of each

antenna. Antennae with fifth joint inflated and briefly elliptic,

ninth moderately, tenth strongly tran&verse, eleventh large and

subovate, but somewhat lopsided. Prothorax widest at about

one-third from apex. Elytra moderately dilated posteriorly,

and comparatively large, dorsal striae traceable at extreme

base only. Metasternum rather narrowly and not deeply im-

pressed along middle. Ahdomen with second segment rather

vaguely impressed along middle. Front trochanters finely and

acutely dentate. Length 1 mm.
Hah.—Victoria : Portland, in a nest of ants (H. W. Davey).

Darker and with much more conspicuous clothing than any

other species known to me, with the fifth joint of antennae

inflated. From niyricoUis it also differs in the club. The

metasternum is less strongly impressed than in globulifer, and

the abdomen is longitudinally impressed.

I he eleventh joint of antennae is not quite so dark as the

ninth and tenth, but the difference is very slight.

Eujjinex flavoapiraJis, n.sp.

(?. ("astaneous, tip of abdomen flavous.

Head with small but fairly deejj inter-ocular impressions,

frontal ones very indistinct. Antennae with second joint

slightly longer than wide, third to ninth short, tenth largest of

all and feebly transverse, eleventh briefly ovate. Frothorac

rather short, widest quite close to apex. Elytra rather short

;

dorsal striae vaguely traceable and only on basal slope.

Metasternum rather largely impressed posteriorly. Ahdomen

with two small tubercles farly close together near apex of

second segment, apical segment widely flattened in middle. Front

trochanters suljtriangularly dentate ; middle tibiae somewhat

inflated and conspicuously dentate just beyond the middle.

Length 1

—

1^ mm.
$. Dift'ers in having the tenth joint of antennae much

smaller than eleventh (not half its length and somewhat nar-

rower), metasternum impressed only between hind coxae,

abdomen more convex and non-tuberculate, and legs edentate.
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Hob.—N.S. Wales : Syduey (E. W. Ferguson and H. W. Cox)
;

Victoria : Birchip and Sea Lake (J. C. Goudie) ; W. Australia
;

Donnybrook, Bridgetown (A. M. Lea).

The sexual characters are apparently somewhat as in picta,

but neither Schaufuss nor Raffray make any mention of the

conspicually pale tip of abdomen (affecting at least two seg-

ments on the upper surface, and one on the lower), and Schaut\uss

describes the head and abdomen of that species as darker than

the other parts. Raifray describes it as generally unicolorous,

but with the head and club sometimes darker, and his descrip-

tion of the male metasternum disagrees with this species.

Milifari's is described as having somewhat similar middle tibiae

and abdomen, but the colour and tenth joint of antennae are

very different. Capitata has the head differently impressed,

and the second ventral segment with one instead of two

tubercles.

At first sight the upper surface appears to be glabrous, but

on close examination a very fine sparse pubescence becomes

visible. The tenth joint is conspicuously larger than the

eleventh. The tubercles are very indistinct from some direc-

tions, and are not at the extreme apex of the second segment.

The specimens from Dr. Ferguson, Mr. Goudie and L were

all taken in nests of Pnnera hitea, and Mr. Cox took it in nests

of that species and also of Iridoviyrmex rufoniger.

Eupinea c:iuj\ia. King.

Mr. H. W. Cox has taken this species in a nest of Iri-

doinyrmejc rufoniger.

Euj)iiies clavatula, King.

Also taken by Mr. Cox from a nest of /. rufoniger.

Ryhaxis quadriceps, Westw.

A male specimen in the National Museum of Victoria (Howitt

collection) bears a laljel lirijdris quddriceps, and is probably

that species. It is very feebly punctured, however, and the

front femora are minutely dentate near the trochanters,
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characters which are at variance with the original description.

The epipleurae of its elytra have a narrow marginal stria, and

a deep furrow slightly curved posteriorly, and continuous

almost to base and apex.

Ryhaxis strigiroJiis, Westw.

Described originally as from an ants' nest in Victoria. The

species occurs also in Tasmania, but the specimens before uie

were taken on fence tops at dusk.

Ryha.ris hinatica. King.

Five specimens of this species were sent for identification by

the National Museum, of which one was marked '' Out of

hollow branch containing nest of Podomyrma gratiosa, F. P.

Spry."

Ryharis, sp.

A single specimen of this genus was taken from a nest of

Amhlyopone australis at Sheffield (Tasmania). It perhaps re-

presents a variety of electrica, from which it differs in being

larger (almost the size of 5-fovtata), and with slightly longer

clothing. It is a female, possibly the male would prove the

species to be distinct, as I have never taken an undoubted

specimen of electrica in ants' nests, although it is the com-

monest species of the family in Tasmania.

Bryaris atriventris, Westw.

Recorded originally as from ants' nests. M. Raffray regards

the genus Bryaris as being entirely absent from Australia, and

the species previously referred to it are mostly now referred to

Ryharis and Eupints. This sj^ecies, however, he placed^ as a

synonym of Fselaphophus clavatus, King, but in this he seems

to be in error.

I have two specimens (seen by M. Raffray) that were com-

pared, and agreed with the types of clavatus ; King described

the head of that species as having two inter-ocular elongate

1 Proc. T.iiiTi. Soc. N.S. Wales, 1900, p. 202.
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foveae, becoming confluent in front. Westwood, on the other

hand, described and figured the head of (ifrirtnfris as having a

single large inter-ocular fovea. As the type is probably still

extant, it is desirable that its correct generic position should be

recorded.

Briara hasaJis, King.

A specimen of this species was taken by Mr. Cox from a

nest of Iridomyrmti rufoiiiycr. and another from a nest of

Fonera lutea.

Anarniori/s snu pi icifrons, liaft'r.

A specimen of this species was taken by Mr. Cox from a

nest of Iridomyrmex rufoniger.

(' ijathu/er puiirtatits, King.

I have a record as to a specimen of this species being taken

from an ants' nest under a stone, but do not now know on what

authority. The types were taken from, beneath half-buried

logs.

Pselaplius fidi'ipaJptis. n.sp.

?. Reddish castaneous, tarsi and palpi flavous. Clothed

with sparse and rather short but suberect straggling pale

pubescence, S2:)arser on elytra than elsewhere, apex of elytra

sparsely fringed with short depressed setae. Under surface with

dense whitish pubescence at base of abdomen, and on meso- and

pro-sternum.

Head shorter than usual, very feebly channelled ; with punc-

tures between eyes. xVntennae, for the genus, rather short,

none of the joints from second to eighth distinctly longer than

wide. Palpi elongate, club of apical joint rather more than one-

third the length of peduncle. Prothorax comparatively short,

with a strong transverse subbasal impression, connecting five

small foveae. Eh/tra almost as long as abdomen, wider (at apex)

than long, each with a sutural, a discal and a submjirginal

stria. Length 1|- mm.
Hah.—Queensland : Townsville, from nest of small ground

ant (F. P. Dodd).
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Of the species known to me comes closest to pilosus, but

differs in being smaller, antennae shorter, with terminal joint

smaller, clothing shorter, whitish, and on the elytra more con-

spicuously linear in arrangement. In general appearance it is

also rather closer to geminatus, but the clothing is longer, the

head is different, and the discal stria (which is strongly curved)

is double only on the basal half. The head is without tubercles

between the eyes, and from most directions appears to be

without a channel, but at the apex the channel is suddenly

deepened, so that, from some directions, there appear to be two

conspicuous inter-antennal tubercles.

Pselaijhus tuhercuUfrons, Raffr.

Onh' the female of this species was described by Raffray.

The male differs in having the metasternum very shallowly and

widely impi'essed, and the impression continued on to the large

segment of abdomen. The Western Australian specimens

before me, from Bridgetown, were from nests of DoUchoderes

scabaridus.

Tasmanian specimens, obtained from tussocks, have the inter-

ocular tubercles not quite so conspicuous, but in all other

respects agree well with the Bridgetown ones.

PselapJnis geminatus, Westw.

Described originally as from an ants" nest. The only speci-

men I have seen is in Mr. Goudie's collection, and was taken by

him at Sea Lake (Victoria) in a nest of Ponera lutea.

Pselaphus antipodum, Westw.

Described originally as from an ants' nest. The species may

often be taken in abundance during floods in X.S. Wales and

Victoria.

CitrculioneUus riparius, Raffr.

Taken by Mr. Cox in nests of Ectatomma metallinun and of

Iridoynyrmex rufon iger.
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Ctenisophus.

Probably all, or at any rate most, of the species of this

gemis are to be taken occasionally in the nests of ants. They

have not been so recorded, however, this probably being due to

most of the specimens having been taken in flood debris, on

fence tops at dusk, or at lights. One of the more satisfactory

characters for distinguishing species of the genus is the impres-

sion on the middle of the third ventral segment of the male
;

but in the descriptions of most species of the genus this has

not even been mentioned. Apart from this the sexes are readily

distinguished by the antennae, in the male the four terminal

joints forming a club, in the female the apical joint only, or the

two apical, forming the club.

Ctenisophus morosus, Raffr.

I have seen but Tasmanian specimens of this species, but in

Tasmania it is the most common of the genus. Specimens have

been taken in flood debris, in tussocks, on fence tops at night,

and in the nests of two species of ants (Colobopsis gasseri and

Camponotus nigriceps). It may be readily identified by the

strong transverse impression on the third abdominal segment of

the male.

Ctemsojjhus patmelis, Raffr.

Two specimens of this species were taken in the nest of a

small brownish ant, perhaps an Iridomyrmex.

Ctenisophus impressus. Sharp.

Described by Sharp from W. Australia, but recorded by

Raffray (who had a co-type) from S. Australia and Victoria

as well. Specimens before me, which appear to belong to the

species, are from N.S. Wales (taken by Dr. Ferguson in the nest

of a white ant, Euternies sp.) ; Victoria (Birchip, J. C. Goudie,

Ararat. H. W. Davey in a nest of small black ants rather larger

than Colohopiiis f/as-^eri) ; Adelaide (from King's collection) and

W. Australia (Darling Ranges, A. M. Lea, from a nest of Termes

lacteus).
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('tciiixapJins uuif-qualhs, Haft'r.

Described by M. Raffray from my sending, but the name was

not given to me till after its publication, when he wrote me
that it was my number 609. Apparently I sent him all my
specimens as I ap^^ear to have now none of '609, and cannot

recognise the species in my collection. Under 609 I have a

record that it was taken with white ants ; but the only

specimen that I now have mounted with white ants of my own
taking is one that appears to belong to i/npressus, and which

has the impression on the third ventral segment of the male so

faint that it could practically be regarded as absent.

Ctenisophus, sp.

Dr. Ferguson has sent three specimens of a species of this

genus from a nest of white ants at Narromine. They ajDpear

to be undescribed and different to all in my collection ; but as

they are all females, and without very distinctive features, it

appears best to leave them undescribed at present.

Ctenisoplnis riviilaris, n.sp.

c?. Pale reddish-castaneous, appendages somewhat paler.

Moderately covered with pale scale-like setae, denser at aj^ex of

elytra and of the basal segments of abdomen than elsewhere.

Head with two large shallow foveae between eyes. Antennae

rather long, first joint stout and slightly longer than second,

second stouter and slightly longer than third, tliird to seventh

small and subecjual, eighth to eleventh combined distinctly

longer than first to seventh combined, eighth slightly but dis-

tinctly longer than ninth and just perceptibly longer than tenth,

eleventh elongate-elliptic, longer than ninth and tenth com-

bined. Three apical joints of palpi each with a long thin

appendage. Prothorar widest at about apical third, thence

gently decreasing in width to base ; with a large subbasal fovea

open posteriorly. Elytra each with a distinct sutural stria and

a somewhat curved discal one ; punctures small but fairly dis-

tinct. Metasternum deeply sulcate. Abdumen with third seg-

ment large, and middle of under surface with a rather small

and shallow round fovea. Legs long and thin. Length 1 mm.
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?• Differs in the anteniiJK* lacing shorter, with the ninth joint

no long-er than the eighth, the t-enth stouter and lontrer than

the ninth (but uiuch shorter than in the male), and the eleventh

somewhat shorter than in the male, but as long- as the four

preceding joints combined, the abdomen also is nonfoveate.

Hah.—W. Australia : Swan and Vasse Rivers (A. M. Lea).

Close to the description of jxirvns (the abdominal impres-

sion of which is not mentioned), but that species is said to

have the prothorax with the sides " not dilated in the middle,

so tliat it is not narrower at the base than in the middle.'' In

the present species it is quite certainly narrower at the base

than at the middle, and the apex is nmch narrower than the

middle. Tlie third abdominal segment of the male with a quite

round fovea distinguished from the description of inaequalis, in

which it is said to be suboblong. Tbe antennae are slightly

longer than in iiinrosus (or at least fully as long) instead of

slightly shorter as in the description of pafruelis. (Of the latter

species the abdominal impression is not mentioned.)

Three only of the numerous specimens before me are noted

as from ants' nests, two of these (sexes) being from a nest of

Creinatogaster loeviceps.

Sdiiiati inon ijhihuliftr. Schfs.

Messrs. Goudie and Davey have taken numerous specimens

of a species from nests of Iridomyrmex nitidus, which cer-

tainly belongs to Soinatipioii, and probably to glohiilifer. The
genus' is readily identified amongst the Australian Pselaphidae

\)\ its antennae and abdomen. Tlie former are eleven jointed

with a large globular terminal joint," whilst the abdomen has

a very decided median longitudinal impression on its upper

surface.

The specimens before me have the head rather longer than

in the figure, the abdomen less inflated in the female, and still

less inflated in the male. These specimens range from 2^ to

i mm. in length, the indicator at the side of the figure is 3 mm.
in length. The pubescence on some specimens is rather looser

than on others, but this is probably due to treatment.

1 Raffra.'i 's beautiful fliiure renders the genus easy of identification. Reference to this

fi<,'ure (Uevne d* Eiitomologie, 1S90, pi. iii., fij^. 31) is omitted from his recent g-eneric-

revision of tlie family.
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Tliere appear to be no special laasculine features. The male

is smaller, usually much smaller, than the female, somewhat

thinner, with the fourth abdominal segment more noticeably in-

curved at apex, and the subbasal impression of the jDrothorax

somewhat closer to the base.

Tmesipliorus yoncrae, n.sp.

i- Of a rather dark reddish-castaneous ; elytra and metas-

ternum somewhat paler, palpi somewhat flavous. Clothed with

pale pubescence, sparser on head and prothorax, and denser at

apex of elytra and under surface of abdomen, than elsewhere

;

but under surface of head with a distinct fascicle behind each

eye.

Head with dense distinct punctures ; with two small shallow

foveae between eyes, base feebly imj^ressed, the impression very

feebly continued to between the antennae, where it suddenly

deepens. Antennae fairly stout, extending to middle coxae, first

joint distinctly longer than second, second slightly but dis-

tinctly shorter than third, and slightly longer than fourth,

fourth to eighth short and subequal, ninth and tenth larger

and wider, their combined length about equal to that of eleventh,

which is ovate. Palpi with the antepenultimate joint setose at

apex, the subapical with a thin appendage, and the apical pro-

duced at apex and dilated on one side of base. Protltorax

slightly longer than wide, strongly convex
;

punctures as on

head ; with a small round, subbasal fovea, and a larger and

somewhat irregular one on each side near base. Elytra not as

long as greatest w^idth and shorter than abdomen ; punctures

smaller than on prothorax, each with a strong sutural stria,

becoming deep at base, another still deeper and larger at base.

and strongly impressed to slightly beyond the middle of disc,

where it rather abruptly terminates. Abdomen with a narrow

carina towards each side of first segment on upper surface.

and continued on to basal third of second ; under surface with

a large median fovea common to two segments, but deepei-

posteriorly. M eta-sternum rather deeply impressed posteriorly.

Legs long and thin; front tibiae curved and widened in middle.

Length 2i^ mm.
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$ • Difters in being somewhat thinner, antennae rather sliorter

and thinner, and abdomen nonfoveate.

JIab.—W. Australia: Bridgetown and Donnybrook—in nests

of Ponera lutta (A. M. Lea).

Of rather more slender build than formicinus and with

ventral impressions different. In the male of fnrmicinun the

second segment is shallowly foveate in the middle of the apex,

and the third feebly impressed in the middle, the impression

shallower than on the second. In the present species the im-

pression on the second is wider and shallower, whilst that on

the third is decidedly deeper than that on the second, from,

some directions appearing as a round deep fovea. From the

sides the basal joint of the antennae appears to be fully twice

as long as the second, but from above the second appears to be

about two-thirds its length.

Tmesijihorus curvipes, n.sp.

(?- Of a rather bright reddish-castianeous, tarsi and palpi

somev>fhat paler. Clothed with short depressed and rather sparse

pubescence, but with a suudl fascicle on each side of under sur-

face of head behind each eye.

Head with dense, strong punctures ; with two deep and fairly

large foveae between eyes, with a feeble basal impression.

Antennae fairly stout, almost extending to hind coxae, first

joint cylindrical, about as long as three following combined,

second slightly stouter, but no longer than third, third slightly

longer than fourth, fourth to eighth short and subequal, ninth

about twice as long, and twice as ,wide as eighth, and slightly

narrower but no shorter than tenth, the two combined slightly

longer than eleventh, wdiich is irregularly ovate. Profhor-ax

slightly longer than wide, sides somewhat angularly dilated at

apical third, thence strongly diminishing in width to apex, and

feebly to base, with a small sub-basal suboblong fovea, and a

larger irregular one on each side near base
;
punctures as on

head. Elytra distinctly wider than long, much shorter than

abdomen ; punctures sparser than on prothorax but clearly de-

fined ; each with a distinct sutural stria, and a strong im-

pression between suture and shoulder. Ahdomtn with a narrow
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carina towards each side of upper surface, and rather longer

but less distinct than in preceding species ; under surface with

a feeble impression in middle of second segment, and a similar

one on third. Metasteriium strongly impressed along middle.

Legs long and thin ; front tibiae strongly curved and somewhat

thickened in middle, the middle pair moderately curved near

apex, the hind pair almost straight. Length 2 mm.
Hah.—Victoria: Ocean Grove—in a nest of Iridomijrmex

nitidus (H. W. Davey).

The head has a peculiar appearance, as of having a spine

over the base of each antenna, when viewed from the side, as

in formicinus, but it differs from that species in being smaller,

with cephalic foveae more, and the abdominal ones less, pro-

nounced and the clothing shorter and sparser. The size and

clothing are much as in macleayi, but that species has the

tenth joint of antennae very distinctly shorter than the ninth.

The palpi are much as in the preceding species, but the antennae

(especially the basal joint), ai)dominal impressions, clothing and

shape are different.

Each elytron at the base has a strong impression, its inner

wall from some directions appearing carinated posteriorly,

but the impression terminates before the middle, and could

scarcely be regarded as a stria. The type has been described

as a male, as its ventral impressions, although faint, are quite

distinct.

T ))iesipliorus hrevicornis, n.sp.

Dark reddish castaneous, elytra club and tarsi paler, palpi

still paler. With very short pale pubescence.

Head transverse ; with two small inter-ocular foveae ; with

a deep impression between antennary ridges ; with a short

spine behind each eye on the side; densely and rather coarsely

punctate. Antennae rather short and stout, scarcely extending

to base of prothorax, first joint from above apparently slightly

shorter thaxa second, l)Ut really about twice as long, second to

eighth transverse, ninth considerably longer and wider, but

feebly transverse, tenth the width of but shorter than ninth,

eleventh briefly ovate. Prothorar strongly convex, slightly



Aastrdlid II and Tasmaniav Colfoptera. 161

loiiirer than wide, sides moderately rounded and widest almost

in exact middle ; with three subbasal foveae, of which the lateral

ones are rather large, and the median one rather s.mall, but

still conspicuous
j
punctures almost as on head. Elytra lightly

transverse, shoulders strongly the sides moderately rounded

;

dorsal striae deep and wide on basal half, subsutural striae

wide at base ; with small dense j»unctures. Abdomen scarcely

wider but considerably longer than elytra : second segment

with three strong ridges, of which the median one is somewhat

shorter and less pronounced than the others, third segment

wuth a fairly strong ridge towards each side, but scarcely ridged

along middle ; lower surface flattened along middle. Meta-

sternum flattened in middle, but excavated posteriorly. Legs

moderately long : four front tibiae obtusely spurred at apex.

Length 2| mm.
Hah.—C^Hieensland : Townsville, from a nest of white ants

(H. J. Carter from F. P. Dodd).

The dorsal ridges of abdomen and post ocular spines asso-

ciate this species with tertnitophila, which, however, is a much

larger and shining species, with very different antennae, etc.

In size and general appearance it is like i>onerae, but the head

antennae and abdomen are different.

The space between the dorsal and subsutural striae on the

basal half of each elytron appears to be obtusely ridged. The

second and third ventral segments appear somewhat flattened

but not foveate, and as I can see no distinctly masculine features

the type is probably a female.

Trne^ip]ioru>< fnrmirinus. Macl.

I have seen specimens of this species from the nests of Ponera

lutea, from New South Wales, Victoria and West Australia.

,It Avas described by Macleay as from the nests of Ectatomma

socialis, but his description of that ant reads as if it was

founded on P. hi tea, instead of on an Ectatonwia.

Tniesipliorus terniitopliihis, Raffr.

Occurs in nests of Coptoterines raffrayi.
12
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Tmesipilar U)i machayii, King.

One of the types originally recorded as '' being found under

bark, in company with . . . some small ants."

Palimholus, sp.

A single female of this genius was taken in the Illaw arra

district by Mr. Cox from a nest of Iridomyrmer rafoniyer

;

but as it has no very distinctive features (such as are always

present in males of the genus) it is best left undescribed at

present. No species of the genus has hitherto been recorded as

occurring in ants nests.

Gerallus pulpalis. King.

Taken by Mr. Cox from a nest of Ectatnmma metallicin/i.

Tyromorplms kuuier'alis, Westw.

Described originally as from an ants' nest.

Tyromorplms spinosus, Westw.

Described originally as from an ants' nest.

Tyj-omorplius formicarius, n.sp.

(?. Reddish castaneous, suture and apex of elytra and knees

somewhat darker. Clothed with short pale pubescence, ap-

pearing almost like scales on head and prothorax, on elytra

more distinct, and denser on abdomen (both surfaces) than else-

where.

Head rather wide ; with dense, shallow punctures ; with a

rather small fovea on each side of middle, antennary ridges

separated by a deep and somewhat oval impression. Antennae

passing middle coxae, first joint almost as long as second and

third combined, second transverse, third thinner and longer

than second or fourth, fourth to eighth transverse and of almost

even width, but fifth slightly larger and eighth shorter than

the others, ninth about twice as long and almost twice as wide

as eighth, tenth shorter and slightly narrower than ninth,

eleventh briefly ovate (almost gl()l»ular) and distinctly shorter
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than nintli and tenth combined. Protliurar about as lontf as

wide, widest at apical third, thence strongly narrowed to apex

and moderately to base, base slightly wider than apex ; with

three small foveae near base, one in the middle and one on each

side; punctures as on head. Elytra slightly wider than long,

with a distinct sutural stria, and each side of base with remnant

of a discal one ; Avith numerous distinct punctures. Ahdoiiieii

distinctly longer than elytra; under surface with a feeble

median impression ; fourth segment incurved to middle, fifth

very strongly incurved to and scarcely traceable across middle.

MetaHernum strongly impressed in middle apex. Leys rather

long and thin ; tibiae feebly bisinuate on lower surface, front

pair obtusely mucronate at apex. Length 2^ mm.
Hah.—^N.S. Wales : Sydney, in nest of Iridomyrmex

rufoniger (H. W. Cox).

The palpi are smaller than in other species of Tyromor-phus,

and the terminal joint is thinner, but as in other respects it

agrees with the genus, and I have but a single specimen under

examination, it does not appear desirable to propose a new

genus for its reception. The club of the antennae, however,

is very different to that of any other described species. From
the side the base of each antenna appears to be set beneath a

curved spine. The head and prothorax are subopaque.

Articerus.

All the species of this genus occur in ants or termites' nests,

generally but few specimens occur in individual nests, but those

of several species of ants are seldom without them. Two
species breviceps, King and regius King,i were overlooked by

Schaufuss and Raffray ; also sharpi Masters, a name used to re-

place tumidus Sharp, tumidus having been previously used by

Westwood, but the species described by both Westwood and

Sharp under the name tumidus appear to be identical.

Articerus cultripes, Raffr.

Occurs in nests of Iridomyrmex rufoniger and of a species of

Colohopsis.

1 Trans. Etit. Soc. N.S. Wales, vol. ii., pp. 5.5-56.
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Articeru'i liauiat/ pes, Raffr.

Occurs in nests of Ii-idnnn/nne r gl<i})fr.

Artireriit regius. King.

In the original description of this species the abdominal fovea

is not mentioned. Mr. Masters has sent two specimens for

examination both males and from Liverpool, one of which is

probably the cotype mentioned as being deposited in the

Macleay Museum.

The abdominal fovea is confined to the basal segment, and is

bounded on each side of the middle by an oblique ridge, of

which the apices are separated fully twice the width of the

bases. The front femora are larger, and the middle femora

much larger, than the head.

Articerus hreviceps. King.

Mr. Masters has sent for examination a co-type of this species,

probably a female, and unfortunately with both antennae miss-

ing. In the original desci-iption the abdomen is not even men-

tioned ; its fovea is, for the genus, comparatively shallow, some-

what encroaching on middle of second segment, and with a wide

flattened oblique ridge on each side of the middle. The pro-

thoracic fovea is unvisually large, the punctures on each side

of and behind it coarse, but in front much finer. The base of

the head has a distinct longitudinal impression. The tibiae are

strongly (but, for the genus, moderately) infiated towards the

apex.

Articerus aurifluus, Schfs. (Fig. 30).

Mr. H. H. D. Grilfith has sent from Adelaide^ nine specimens

that appear to belong to this species. They have the antennae,

prothorax and abdomen (the clothing at the sides is remark-

able) as described, but the head is more rounded in front than

triangular, although from some directions it appears feebly

triangular.

The hind tibiae of tlie male are narrow at the base, then

suddenly inflated and subparallel to near the apex, where they

1 The type waa recorded from Melbourne.
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are obli(iuely truncated. Its metusternuin is strongly convex

along the middle. The length varies from 1^ to If mm.
The ant in whose couipany it is taken appears to be a species

of Colobopsis. Mr. Davey has also sent the species from the

nest of a small black ant at Geelong (Victoria).

ArticfTus hrevipes, Sharp.

Described from a single female and as pi'obably from Cham-
pion Bay. Two females from N.W. Australia in the Macleay

Museum appear to agree with the description.

Articerus curvicornis, Westw.

The late Rev. R. L. King stated that he had frequently cap-

tured this species at Liverpool (N.S. Wales) " in the nest of

the small black ant." It appears to be the commonest species

of the genus, and occurs in Tasmania as well as N.S. Wales and

Victoria, and in the nests of several species of ants, including

Colohopsis gasseri, Iridoinyrmex nitidus and /, gracilis.

Articerus hipartitus, Raffr.

In nests of two species of ants, Crematogaster, sp., and Colo-

bopsis], sp. Also in nests of a species of white ant.

Articerus dilaticornis, Westw.

Mr. Goudie has sent a male from a nest of Iridoinyrmex

nitidus that probably belongs to this species. It agrees well

with the description; but differs from the figure in having the

eyes less prominent, prothoriix rather wider across apex, and

abdominal fovea not rounded behind but subtriangular—much

as in mastersi.

Articerus gihhvJus, Sharp.

Occurs in nests of Crematogaster laeviceps and of Irido-

myrmex nitidus.

Articerus fortnumi, Hope.

hostocki, Pasc.

odewahni, Pasc.

Appears to be a common species in nests of Crematogaster

laeviceps in S. Australia. The synonymy is according to Dr.

Schaufuss.
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Articerus tuinidus, Westw.

tumidus, Sharp

sharpi, Masters.

There appears to be no doubt, but that the same species

was described under the name of tuinidus by Westwood and

Sharp, and there is therefore no need for the name sharpi pro-

posed as a substitute for tumidus, Sharp.

Articerus august icdII is, ^\ estw.

Recorded originally as from ants' nests.

Articerus setipes, Westw.

Recorded originally as from ants' nests.

Articerus asper, Blackb.

Recorded as taken from flood debris. It is curious that this

is the only species that has been so recorded, as nests must

frequently be flooded out, and although I have seen thousands

of Pselaphidae in flood debris, I have never yet taken an

Articerus in it.

The following species, although not so recorded, are certain

to occur in the nests of ants or termites.

A. DeyroUei, Sharp.

A. Duhoulayi, Waterh.

A. falcatus, Ralfr.

A. foveicollis, Raflfr.

A. Kitigius, Sharp.

A. nitidicoUis, RaflEr.

A. Pascoeus. Sharp.

A. Selj/si, Schfs.

A. spinifer. Sharp.

A. Westwoodi, Sharp.

Articerus raffrayi, n.sp. (Figs. .32, 33.)

3'. Reddish-castaneous, greater portion of each elytron some-

what paler than elsewhere. With short depressed setae, re-

sembling scales on head prothorax and parts of elytra, abdomen

with sparse erect setae, but fasciculate on each side of base.
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Head short, Hat, densely punctate and without longitudinal

ini]iression. Antennae short wide and flat, about as long as

head, narrow at base, then strongly inflated, and then feebly

diminishing in width to apex, widest portion with a feeble im-

pression in middle. Froihorar widest at apical third, where

the width is almost twice as great as the length, with a feeble

medio-basal impression, punctures as on head. Elytra w^ith

dense punctures, rather sparser on disc than elsewhere, sutural

stria distinct. Ahdoinfii with basal fovea strongly transverse,

and not encroaching on second segment, its sides parallel, near

each side with a feebly elevated ridge almost parallel with the

margin and behind the fovea becoming narrower and more

distinct; under surface largely excavated, each side of middle

of fourth segment with a small acute tooth, similar but smaller

teeth on first, middle of fifth with a loose facicle. Metasternum

obtusely ridged along middle, the ridge terminating in a feeble

tooth. Femora fairly stout ; tibiae inflated towards apex, the

middle pair strongly mucronate at apex. Length If—2 mm.
? . Differs in having under surface of abdomen simple, meta-

sternum edentate, less convex along middle and the middle

tibiae not mucronate.

Hah.—N.W. Australia (Macleay Museum).

Seen from behind and the side each antenna appears to be

placed in the middle of a semicircular emargination, to be thin

with the apical third suddenly thickened. The apex itself is

somewhat oval in outline. From some directions the sides of

the protliorax appear to be obtusely produced at the apical

third, with the produced portion obtusely serrated,

Artireriis denfijyes, n.sp. (Figs. 31, 34, 35.)

<?. Reddish castaneous, greater portion of each elytron some-

what paler. Clothed with fine depressed setae, but becoming

longer and denser at apex of elytra ; abdomen with fine more

or less erect setae, and fasciculate on each side of base.

Head short, flat, densely punctate and without longitudinal

impression. Antennae slightly longer than head, wide and

flat, base narrow, then strongly inflated to middle, and thence

very feebly diminishing in width to apex. FrothorOnV about
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once and one-third as wide as long, sides very feebly diminish-

ing in width from apex to base, with a shallow, longitudinal

medio-basal impression, punctures as on head. Elytra with

dense punctures, rather sparser on disc than elsewhere : sutural

stria feeble. Abdomen with a large transverse basal fovea,

somewhat produced on each side, each side with a feeljly ele-

vated oblique ridge ; under surface somewhat excavated.

Metasterintm flattened along middle, but with a small apical

tooth. Femora stout, the middle pair especially ; middle tro-

chanters each produced into the form of a strong curved tooth,

about half the length of the femur ; tibiae short, middle pair

strongly inflated, front pair mucronate at apex. Length 1^- mm.
Hah.—Victoria : Birchip, two males from an ants" nest (J.

C. Goudie).

Rather smaller than curvicornis, antennae wider, etc. In

many respects close to the description of iJascoeus, but with the

prothorax decidedly transverse instead of '' quite as long as

broad." The middle legs are much as in the description of

tumidus, but Sharp describes the prothorax of that species as

" about as long as broad ''
; its metasternum is also not ciliated

in the middle, but shining and with a small apical process.

The abdominal fovea is also large instead of small. From the

species identified as Jireripex it differs in being less compact, in

the antennae being less flattened, the elytral clothing longer

and the abdominal fovea not quite the same. It comes very

close to the description and figure of setipes, but has a distinct

sutural stria, whereas that species is twice stated to be without

such, and is also so figured. Tlie length also is much less than

a line. The antennae from the sides are as in the preceding

species but from above they are seen to be longer and thinner,

with the greater length due principally to a longer basal stem.

Arficerus irregularis, n.sp. (Figs. 36, '57.)

3^- Colour and clothing as descril)ed in raffrai/i, except that

the abdomen has fine depressed setae in addition to the erect

ones, and that the basal fascicles are less conspicuous.

Head rather short and flat, with a scarcely traceable median

impression. Antennae short wide and flat, base nan-ow, then
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strongly inflated to middle, and then rather stronfi;ly narrowed

to apex ; a distinct longitudinal impression in middle of both

surfaces. Prothorar about once and one-third as wide as

long, sides rounded in front, and feebly diminishing in width

*to base, with a shallow but distinct medio-basal impression

;

punctures as on head. Elytra with dense punctures, rather less

crowded on disc than elsewhere ; sutural stria distinct.

Abdomen with fovea strongly transverse, each side at base with

a feebly raised oblique ridge, each side at apex continued as a

strong oblique impression ; under siu'face with a large and

almost circular fovea. Metasternum almost flat along middle,

edentate at apex. Femora, for the genus, rather thin; tibiae

inflated at apex, the middle pair strongly mucronate at apex.

Length If mm.

Hah.—Victoria : Forrest, a single male from the nest of a

small black ant in a log (H. W. Davey).

Each antenna is suddenly inflated about the middle, but the

inflation is not uniform on both sides, being slightly nearer to

the base on the inner than the outer side, from some directions

the inner inflation appears almost tuberculate. From the side

each appears to have the basal half thin (the thinnest portion

being just before the expanded part) with the apical half

strongly inflated. The apex itself is oval. The oblique con-

tinuations of the abdominal fovea are very distinct.

Artirerus erravipertus, n.sp.

<?. Colour and clothing much as in raffrayi.

Head rather wide and almost flat, not depressed along middle,

densely punctate. Antennae wide and flat, slightly shorter than

head, strongly inflated to about middle, and thence almost

parallel-sided, without median impression. Prothorax about

once and one-fourth as wide as long, widest near apex, thence

feebly diminishing in width to base
;
punctures as on head, with

a fairly large medio-basal fovea. Elytra with dense pimctures,

becoming sparser on disc, and with on each a small almost

impunctate spot at about the middle at the apical third ; sutural

stria rather feeble. Ahdornen with basal fovea very large, and

posteriorly regularly decreasing in depth, instead of being
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convex in middle, sides distinctly narrower than behind the

fovea, each side with a feebly raised and indistinct ridge ; under

surface less excavated than usual, but the excavation joining on

to a very large one on nietasternuni. Hind coxae each with a

strong triangular tooth at right angles to the general level

;

femora fairly stout; hind tibiae inflated towards apex, the

front pair less and the middle pair still less noticeably so.

Length If mm.
$ • Differs in having the abdomen gently convex on the under

surface, the apex of the metastemum very feebly impressed,

and the hind coxae unarmed.

Hab.—Victoria : Birchip (J. C. Goudie) ; S. Australia (Macleay

Museum).

The antennae are very wide as in raffrayi, but not of the

same shape, and not impressed on the upper surface ; the latter

character will also distinguish it from aurifluus. Asper is de-

scribed as having the prothorax nonfoveate.

Seen from the sides each antenna appears to have the basal

third thin, with the rest swollen, rather more noticeably on the

under than the upper surface. From some directions the sides

of the prothorax almost appear to be ridged. The impunctate

spot on each elytron is distinct on one specimen, fairly distinct

on another, but practically absent from a third. The large

spurs on the hind coxae of the male appear at first to be part

of the metasternum. The apical segments of the male are so

strongly drawn inwards that the pygidium appears to be in the

exact middle of the under siirface of the abdomen.

Articerus Mastersi, n.sp.

$ • Colour and clothing much as in Raffrayi.

Head wide, flat and densely punctate, without median im-

pression. Antennae slightly longer than head, wide and

flat, base narrow, then strongly inflated to middle, and

thence feebly diminishing to apex, with a distinct but rather

shallow depression in middle. Protliorai about once and one-

third as wide as long, sides almost parallel, with a large but

rather shallow medio-basal fovea
;
punctures as on head. Elytra

with dense punctures, becoming sparser on disc ; sutural stria
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distinct. Ahdarnfii with ba.siil fovea large and eneroachinir in

the form of a wide triangle on to middle of second segment,

each side of base with a wide flat feebly elevated oblique ridge.

Metasternum gently convex in middle. Femora moderately

stout; tibiae inflated towards apex. Length 1^ mm.
Hah.—S. Australia (type in Macleay Museum).

The abdominal fovea is of very different shape to that of

the species I suppose to be hreripefi, and the metasternum,

although shining, is not highly polished along the middle as

in that species ; the antennae also are different. In size and

general appearance, however, the two species are very similar.

The antennae and abdominal fovea are somewhat as in diJati-

cor)ii<. but that species is described and figured as having the

prothorax longer than wide. The antennae, both from above

and the sides, have the outlines as in dentipes, but are dis-

tinctly impressed in the middle. One of the specimens was

labelled as setipes, but it dift'ers from the description of that

species in having a distinct sutural stria, and the tibiae without

long setae towards the apex ; the latter character may be sexual

but not the former. Its abdominal fovea also is not as figured

in setipes.

Art/reriis roiistrirtiro/->us, n.sp. (Figs. 38, 39.)

2 • Dark reddish castaneous, greater portion of each elytron

somewhat paler. Clothed with short, depressed setae, except

on abdomen where they are sparser and more erect, each side

of base also with a thin elongated ridge or depressed fascicle,

middle of metasternum with a line, of golden setae.

Head (for the genus) rather long, flat, densely punctate, and

without median impression. Antennae moderately wide, some-

what curved, the length of, or slightly longer than, head. Fro-

th ora 7; widest near apex, where the width is about once and

one-half the length, sides gently but distinctly decreasing to

base ; medio-basal impression lather small and feeble
;

punc-

tures as on head. Elytra with dense punctures, becoming

sparser at inner disc; svitural stria distinct. Abdomen with

basal fovea strongly transverse and deep, near each side with

a wide very feebly elevated oblique ridge, sides with margins
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onntiiuied to beyond the middle. Metasterniim gently convex

along middle. Femora not very stout ; tibiae strongly inflated

towards apex. Length 2 (vix) mm.
Hah.—N.S. Wales : Miirrunmdi (type in Macleay Museum).

Readily distinguished from all other species known to me by

the shape of the antennae as seen from the side, each there

appears rather stouter than is usual towards the base, in the

species having wide antennae, in the middle it is strongly con-

stricted, with the apex but little wider than the base. From
above each appears to have the inner outline straight (except

for a slight projection at the basal third), but the outer side

dilated to beyond the middle and then straight to apex. The

middle, from some directions, appears largely scooped out. The

.convex portion of the upper surface of the abdomen is almost

circular in outline.

Articerus constrictiventris, n.sp. (Fig. 40.)

?• Reddish castaneous. Clothed with short depressed setae,

and with sparse suberect ones ; abdomen with longer suberect

ones only and fasciculate on each side of base.

Head rather wide, flat and densely punctate, without median

impression. Antennae long and thin, apical fourth strongly,

although not suddenly, inflated, base feebly curved, apex circular

in outline. Prothorar about once and one-half as wide as long,

base distinctly rounded and wider than apex, sides gently

rounded ; with a large but rather shallow medio-basal impres-

sion
;
punctures very distinctly sparser than on head. Elytra

with smaller punctures than usual, especially on apical half,

towards base becoming subseriate in arrangement ; sutural stria

distinct. Abdomen with basal fovea large and deep, with its

walls suddenly and strongly constricted in middle so that it

appears as if divided into two. Metasternum gently convex

along middle. Legs long and thin. Length If— 2 mm.
Hah.—Victoria: Wangaratta, two females from an ants' nest

under a stone (A. M. Lea).

In many respects close to description of spinifer, but an-

tennae not twisted at apex, and apex of body with sparse and

rather short setae instead of numerous elongate ones. It is also
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close to nif/dicolh'x, but head not lon<j:itudinalIy foveate, an-

tennae hardly more than once and one-half the length of the

head^^ prothorax not very shiny, with a large shallow circular

fovea, certainly not " transversini late iuipressus . . . fovea

antebasali uiinuta," and without a basal carina. Other

characters of the nietastemum and abdomen with which the

specimens disagree are probably sexual.

The head from certain directions appears to be supplied with

a very narrow, shining, median carina. The prothorax wider

at the base than near apex, and with different punctures to

those on head are very distinctive feattires.

Articerus fenioraJix, n.sp. (Fig. 41.)

3 Colour and clothing much as in raffrayi.

Head wide, flat and densely punctate ; with a very feeble

but somewhat shining median depression. Antennae slightly

longer than head, rather thin but gently increasing in width to

apex, which is circular in outline. Prothnrac not much wider

than long, front angles rounded, basal two-thirds parallel-sided
;

with a fairly large medio-basal impression
;

punctures as on

head. Elytra with fairly dense punctures, becoming denser

at base ; sutural stria distinct. Abdomen with basal fovea large

and deep, its hind margin semicircularly encroaching on the

second segment, the semicircle bounded on each side by a dis-

tinct, but small tubercle, itself being the apex of a feeble

oblique sublateral ridge ; under surface largely excavated but

not foveate. Metasternum ridged along middle, with two small

apical teeth. Femora stout, hind pair with a strong triangular

subapical tooth ; tibiae inflated. Length 1|- mm.
?• Differs in having the under surface of abdomen and the

metasternum on an almost even plane, with the latter not

armed at apex, and the femora unarmed.

Hab.—N.S. Wales : Sydney, in nest of Iridomyrmex

rufoniger (H. W. Cox), in nest of a small ant" (E. W. Ferguson).

1 Altlion;,'h HafTray descriljes the antennae as twice as long; as head, he does not so figure

them, the proportions Ijeing as 8.4 to 13 millimetres.

2 Perhaps /. rufoaigi'r, but the specimen sent by Dr. Ferjjuson is sery pale and some-

what distorted.
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Antennae considerably thinner than in curvicornis, when

viewed from the sides almost straight, and, when cnt across in

any part of their leng-th. circular in section ; the abdominal

tubercles also are not as in that sj^ecies. The general appear-

ance is much like Jiamatipes, and the antennae are very

similar, but the abdominal fovea and legs are different.

Biparfifus is similar in many respects, but also has abdomen

and legs different and much more clothing.

Articerus ri/Iuidricoriils, n.sp. (Figs. 8, 42.)

<?• Reddish-castaneous, greater portion of each elytron some-

what paler. Head and prothorax with short depressed setae,

resembling scales, elytra with longer but still depressed setae,

condensed into a feeble fascicle at the middle of the apex of

each ; abdomen with sparse suberect setae, and with a long

loose fascicle on each side of base; with'a ridgfe of setae along

middle of metasternum.

Head about twice as long as wide, without median impres-

sion ; eyes less prominent than usual. Antennae cylindrical,

not much longer than head, base narrow, apex circular in out-

line, surface with nuujerous small granules. Prothorar not

much wider than long, front angles strongly rounded, basal

two-thirds almost parallel-sided ; medio-basal impression absent

or extremely feeble
;
punctures as on head. Elytra with dense

punctures, becoming sparser on disc ; sutural stria distinct.

Abdomen with basal fovea large and strongly continued hind-

wards, internally at base rather suddenly deepened, then to-

wards each side with a feeble oblique ridge ; under surface

largely excavated but not foveate, base strigose towards sides.

Metasternum obtusely ridged along middle, with two small

apical teeth. Trochanters minutely dentate ; femora rather

thin ; tibiae flattened, front pair feebly dentate at about apical

third, middle pair strongly mucronate at apex. Length 2^ mm.
? . Diffei's from male in having under surface of abdomen

evenly convex, trochanters not dentate, front tibiae narrower

and not dentate and middle pair not mucronate.

JIab.—•Victoria: Sea Lake and i?irchip (J. C Goudie). Port-

land (H. W. Davey), at all three places in nests of Iridoniyriner,

iiitidus; X.S. Wales: Gunning (Macleay Museum).
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Some time ajro^ I doubtfully ideiititied this species as regiiis.

It differs, however, from that species (of which I have recently

seen virtually a co-type) in being smaller, the head shorter and

the abdominal fovea very different. Seen from the sides the

antennae are feebly curved, narrow at the extreme base, but

elsewhere of even width, except that the apex is feebly dilated.

The median portion of the abdominal fovea is distinctly longer

than wide. There are numerous specimens before me, and all

the males, as in the males of rurvirornis, each have a seta pro-

jecting from the mouth.

Clavigeropsis.^

This genus is recorded as monotypic in Raffray's recent

generic revision of the Pi^elaj^hidoe.^ It belongs to the Clavi-

gerides, and has the antennae six-jointed, but the basal joint

small and normally concealed, so that they appear to be but

five-jointed. The type of the genus (formirarius, Raffr.)

was from Abyssinia, and an excellent figure of it is given in

Revue d' Entomologie.^ I have now to record the genus from a

single specimen taken in an ants" nest in New South Wales.

Clavigero/^sis australiae, n.sp. (Fig. 9.)

Reddish-castaneons. With spars© golden setae on upper

surface ; but becoming dense at sides of base of abdomen

;

metasternum with fairly dense setae along middle.

Head slightly longer than wide, densely punctate. Antennae

about as long as head, two basal joints short, the first quite con-

cealed from above, third subtriangular, fourth slightly wider and

shorter, fifth wider and slightly shorter than fourth, sixth truncate,

and slightly longer than fourth and fifth combined. Prothorax

about as long as wide, sides rounded near apex, thence almost

parallel to base, with a wide and rather shallow median fovea,

connected by a very indistinct median line with apex
;

punc-

tures as on head. Elytra about as long as wide, shoulders

1 Proc. Roy. Soc. Victoria, 1905, p. 376.

2 Raffray, Rev. d' Ent., 1SS2, p. 3. y v v ,-—^—~,

3 In Wytsman's Genera Inset'toruni. t^j^rfi U»

4 1890.pl. iii.,%. 28.
/fe"A -^"^ ^-jvyj^

ujIlIBRAR Y^*^
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round, sides diluted to near apex, hind angles gently rounded
;

each with a distinct sutural stria, a fine but moderal distinct

discal one, and near base very faint traces of others ; with

sparse indistinct punctures. Abdomen slightly longer than

elytra, base transversely strongly impressed, thenoe regularly

and strongly convex, sides of depression stronglv margined, the

convex part with finer margins ; under surface with basal seg-

ment short, its middle subcarinated, second and third fairly

long and of equal length, fourth and fifth strongly incurved

to, and narrow across middle. Metasternum strongly convex.

Legs rather short ; femora not very stout; tibiae rather strongly

inflated to apex; tarsi thin. Length li mm.
Hah.—N.vS. Wales : Wollongong—in a nest of ants (A. M.

Lea).

From some directions the base of the elytra appears to have

numerous fine striae ; whilst from others the elytra appear to

be very finely strigose throughout. From the side the abdomen

appears almost globular. The type appears to be a female.

Paussidae.

All the species of this family recorded from Australia are

here noted, as although but few of them have been actually

taken from ants' nests, it is practically certain that they all

do resort to the nests of ants or termites. Nearly all the species

are extremely rare, and nuvny, so far, have only been taken at

lights.

Arthrupterus brevis, Westw.

I have taken this species in a nest of Ectntnmma iDetallicum,

in the spongj' bark of a species of Eucalyptus near Sydney, and

under stones and loose bark of living trees.

Artliropterus nigrirnrnis, Macl. ?

Two specimens (from Narromine in N.S. Wales and Cunna-

mulla in Queensland) probably belong to this species ; they are,

however, larger (Hi and 12 mm. respectively) than the type

(5 lines). The dark antennae are opaque (except idong the

middle), and densely covered with minute granules. The hind
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til)iae are about three times as long as wide, instead of only

twice as long as wide, or even not nuich longer than wide (as

in most species of the genus). The disc of the prothorax, as

well as of the elyt-ra, is clothed with brownish suberect setae.

Artliropferii^ Wesfiroodl, Macl.

Two specimens from Gayndah were received as co-types of

this species. Tliey have the sides of the elytra at the base

with clothing as on the sides of the prothorax, but scattered

all over the elytra are some exceedingly fine setae, that readily

escape observation, even from the sides ; esjjecially if, as is

usually the case, they are a trifle greasy or dusty.

Arfhrn//ffrits aii(/ulatust, Macl.

A co-type of this species has elytral clothing as described

for the above species, to which it is remarkably close.

Mr. Aug. Simson has taken several specimens of the species

in ants' nests at Bowen.

Arthropterus suhrylindricus, Macl.

Two specimens in cop. were taken under a stone at Quean-

beyan. close to a nest of ants ; and another pair under a

stone at Millthorpe, also not far from a nest of ants.

Artliroptcrus ueyhctus, n.sp.

Dark reddish-castaneous, margins suture and appendages-

(tarsi excepted) somewhat paler ; h^ad black. With very short

and very sparse setae, except on sides and pygidium, where

they are fairly numerous ; sides also with a few short hairs.

Head with dense irregular punctures ; sides subtuberculate

behind eyes. Antennae with more numerous punctures along

sides, and paler and less jjolished than along middle, third to

tenth joints each about five or six times as wide as long,

eleventh almost as long as three preceding combined. Pro-

tliorar about two-thirds as long as greatest width, which is

near a})ex, sides thence strongly rotmded to apex itself, and

feeblv diminishing to l)ase ; mara-ins slighth' upturned, more"13
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noticeably about base than elsewhere ; median line narrow and

short, but distinct ; with fairly dense, irregular punctures.

Elytra about four times as long as prothorax, and about base

with somewhat smaller and sparser punctures, becoming much

smaller posteriorly. Hind tibiae more than three times as

long as their greatest width. Length 12— 12f, width 4^

—

4| mm.
Hab.—N.S. Wales : Murrumbidgee (Macleay Museum),

Wagga Wagga (R. Helms) ; Victoria : Mallee (H. W. Davey).

The largest of the genus known to me, although a trifle

smaller than the length (seven lines) given for wilsoni ; under

which name I received a specimen from the Macleay Museum.

i

It differs, however, from that species in having the prothorax

distinctly transverse ; instead of subquadrate.2 and with a short

but distinct median line. Its head also is decidedly black.

The hind tibiae are narrow^er than in most species of the genus,

as is the case also with wilsoni, but the species I have iden-

tified as nigricornis, although otherwise very different, agrees

wath it in this respect, and the hind tibiae of (juadriroUis are

also so figured-'^

The third to tenth joints combined are about twice and one-

half as long as Avide. The scutellum when fully exposed is seen

to be transversely impressed at the base, but in this, and, in

fact, in most, if not all, species of the genus, it is liable to be

partially covered by the prothorax, so that it is of little use to

mention it in descriptions.

Arthrnpter'ns latus, n.sp.

Black, or almost black, lateral margins of prothorax, suture

and appendages reddish-castaneous. Discs of prothorax and

elytra quite glabrous, the sides and pygidiuxn with short dense

setae, sides of elytra with a few short hairs.

Head with moderately dense but rather small and irregular

punctures; sides behind eyes scarcely tuberculate. Antennae

1 And it ayipears to be the species several times referred to as wilsoni by Macleay,

2 In Westwood's figure in Tlies. Ent. Oxon., the prothorax by measurement is actually

a trifle longer than wide.

3 Westwood's figure of ijuadricoUis would do very well for this species except for the

antennae, and inter-ocular impressions.
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rather darker and less punctate alonji;- middle than on sides,

third to tenth joints each about eight times as wide as long,

apical joint slightly longer than three preceding combined.

Prothorax scarcely two-thirds as long as greatest width, sides

strongly rounded on apical half and decidedly oblique on basal

half, sides feebly raised and thickened, median line very

feeble ; with fairly numerous but small punctures about apex

and apical sides, but elsewhere almost or quite impunctate.

Elytra wide, not three times as long as prothorax, with

numerous small punctures, becoming extremely minute pos-

teriorly. Hind tibiae about once and one-half as long as their

greatest width. Length 10, width 4 mm.
//«&.—N.S. Wales: Sydney (A. J. Coates).

Comparatively wider than any other described species of

the genus. The prothorax is considerably wider than in brevis,

apical joint of antennae longer, and the whole insect bulkier ;

in brevis the extreme width of the prothorax appears to be

scarcely, if at all, greater than the extreme length, in the pre-

sent species it is about once and one^half its length. The

third to tenth joints combined are rather more than once and

one-half as long as wide. The disc of the prothorax appears

to be extremely feebly corrugated (as in many Carabidae), and

is almost impunctate.

There are several other species before me that are possibly

undescribed, but as Macleay usually omitted to describe the

comparative width of the hind tibiae I do not feel justified in

describing them till able to examine his types.

The other recorded species are :
—

A. adelaidae, Macl.

-

A. ai(yulicornis, Macl.

A. bisiauatus, Macl.

A. brevicollis, Macl.

A. cylindricoUis, Macl.

A. cylindriais, Masters.

subcylindricus, Westw. (n.pr.).

A. darlingensis, Macl.

A. denudatus, Westw.

angusticornis, Macl.

A. depress us, Macl.
13a
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A. eJoiKjatuhix, Macl.

A. foveicollis, Macl.

A. foveipennis, Blackb.

A. hirtus, Macl.

A. hopei, Westw.

A. hoiritti, Macl.

A. hounffeusis. Masters.

howitti, Westw. (n.pr.).

A. humeralis, Macl.

A. kingi, Macl.

A. latipennis, Macl.

A. macleayi, Don.

A. mastersi, Macl.

A. melhouriiii, Westw.

A. montaiius, Macl.

A. occidentalis, Blackb.

A. odewahnii, Macl.

A. ovicollis, Macl.

A. 'parallelocerus, Westw.

A. picipes, Macl.

A. politus, Macl.

A. punctatissimus, Westw.

A. punctirollis, Macl.

A. quadricollis, Westw.

A. riverinae, Macl.

A. rockhamiJtonensis, Macl.

A. scutellaris, Macl.

A. suhampliatus, Macl.

A. suhsulrafus, Westw.

A. hirneri, Macl.

A. waterhousei, Macl.

A. ivilsoni, Westw.

A. wyanamattae, Macl.

Phyniatopttrus macleayi, Westw.

distinctus, Thoras.

P. piceus, Westw.

Pawsvj/.s- austral is, Blackb.

Megalopaussus ampl ipeniiis. Lea.
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SCYDMAEMUAE.

Scydmaenus r/ientulus, n.sp.

Dark reddish—or brownish—castaneous, under surface darker,

appendages somewhat flavous. Clothed with rather sparse,

straggling hair, or fine setae, but becoming fairly dense on

sides of prothorax.

Head smooth, with small prominent eyes. Antennae just

passing base of prothorax ; with a distinct four-jointed club,

which is about equal in length to the six preceding joints com-

bined. ProtJiorar slightly longer than wide, apex and apical

sides rounded, base scarcely narrower than greatest width

;

with four deep l)asal punctures, and a slightly oljlique longi-

tudinal impression on each side towards base. Elytra oblong-

ovate, siomewhat flattened, sides gently rounded, with a shallow

depression on each side of base ; with sparse, indistinct punc-

tures. Front tibiae rather strongly inflated to apex. Length

1 mm.
Hab.—-Tasmania : Burnie, in a nest of a small variety of

Ectatomrna metallicum amongst stones close to sea beach (A.

M. Lea).

The front tibiae are dilated somewhat as in gulosus (this,

however, appears to be a masculine character only), but the

elytra and antennae are darker, and the antennae are some-

what shorter. The whole upper surface is of an almost uniform

shade of colour.

Scydmaemis coJohnpsix, n.sp.

Reddish-castaneous, appendages, paler. Clothed with pale

and rather sparse, straggling hair or fine setae, becoming dense

on sides of prothorax, and almost or quite absent from its disc.

Head and antennae as described in preceding species. Pro-

thorax scarcely longer than wide, outlines much as in preceding

species, base with four deep punctures, feebly connected by a

shallow transverse impression, which on each side becomes a

short deep groove. Elytra depressed, oblong ovate, sides gently

and regularly rounded ; basal impressions feeble ; with sparse

indistinct punctures. Front tibiae in one sex rather strongly

inflated to apex. Length 1 mm.
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Hah.—Tasmania: vSwansea. One specimen from a nest of

Colobopsis ga-sseri (A. M. Lea).

Tlie males have the front tibiae dih^ted as in gulosus, but the

head and prothorax are much darker in that species. The club

of the antennae is rather stouter than in the preceding species,

but is otherwise the same, the sides of the prothorax are rather

more densely clothed. The elytra are somewhat wider and the

whole insect slightly larger.

From some directions the elytra appear to be of the same

shade of colour as the prothorax, but from others they appear

to be paler.

Scydmaenus daveyi, n.sp.

Of a bright castaneous, appendages paler. Upper surface

with sparse pubescence, but becoming longer and denser on

sides of prothorax.

Head smooth, eyes distinct but not prominent ; antennae as

in clientulus, except that the eighth joint is somewhat smaller,

although distinctly part of the club. Profhorar slightly longer

than wide, sides widest and gently rounded near apex, base with

four large punctures or small foveae, the two on each side shal-

lowly connected with each other, but the two median ones

separated by a feeble ridge or carina. Elytra oblong-ovate,

rather strongly inflated to near middle; basal impressions

rather shallow ; with sparse indistinct punctures. Front tibiae

moderately inflated towards apex. Length 4-5th mm.

Hah.—-Victoria: Forrest, Geelong, in nests of a small black

ant Colohnpsisi (H. W. Davey).

Close to caHaneoglaher . but antennae thinner, elytra not quite

so highly polished and not quite glabrous. From colobopsis it

differs in being smaller, elytra with sparser and much shorter

clothing, sides of prothorax much less densely clothed, and

antennae thinner.

Scydmaenus (jhtbripennis, n.sp.

Head and prothorax blackish brown, under surface somewhat

paler ; elytra brightly castaneous, suture somewhat darker

;

appendages somewhat, the tarsi quite, flavous. Head at base,

and prothorax at apex and sides, with fairly dense reddish hair

or fine setae; rest of upper surface almost or quite glabrous.
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H <(td smooth ; eyes small and very prominent. Antennae

very distinctly passing base of prothorax, with a very distinct

four-jointed club. Prothorar sliirhtly longer than wide, basal

two-thirds subi)arallel, thence narrowed to apex, with a deep

puncture on each side of middle of base, and a smaller one

on each side. Elytra somewhat depressed, briefly oblong-ovate,

sides strongly rounded from base to apex ; basal impressions

distinct ; impunctate. Legs long and thin ; femora clavate
;

hind tibiae long and bisinuate internally, the others slightly

thickened towards apex. Length l-^s mm.
Hah.—Tasmania: Devonport, in a nest of FoJyracliis hera-

cantha (A. M. Lea).

The dark head and prothorax, with dense clothing at sides

of latter, and the highly polished and glabrous elytra, will

readily distinguish from all previously named Australian species.

There are. however, several as yet unnamed species that are

fairly close to it in appearance.

I have regarded the club as four-jointed, but it might almost

fairly be regarded as five-jointed, as the seventh joint, although

decidedly narrower than the eighth, is dilated to its apex, and

very distinctly longer than the sixth. The hind tibiae are pro-

bably simple in the female. From som© directions the median

prothoracic punctures appear to be completely isolated, but from

others they are seen to be connected by a shallow impression.

Srydinaenus ectatoinmae, n.sp.

Brownish castaneous, metasternum and abdomen almost

black, appendages of a dingy pale brown. Sparsely pubescent.

Head smooth ; eyes distinct but not very prominent. An-

tennae comparatively stout, scarcely passing base of prothorax
;

with a very distinct, four-jointed club, that is equal in length

to the six preceding joints combined. Prothorax slightly longer

than wide, apex and apical sides rounded, slightly wider at

apical third than elsewhere ; base with four small, deep, com-

pletely isolated punctures. Elytra oblong-ovate, sides rather

strongly inflated about middle ; basal impressions very feeble

;

with very sparse, indistinct punctures. Length 1;^ mm.
Hah.—Tasmania : Hobart, Bagdad, Huon River, Launceston,

in nests of Ertatom ma inetaHicum (A. M. Lea).
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A rather dingy species. The absence of dense clothing from

the sides of prothorax will readily distinguish from any of the

preceding species. The median prothoracic punctures are very

distinct from certain directions, but indistinct from others.

Sri/(l//uif litis d u p] iratiis, n.sp.

Reddish castaneous, appendages paler. Upper surface sparsely

clothed with pale, straggling hair or fine setae, becoming denser

(but not very dense) on sides of prothorax.

Head and antennae as described in clientuJus. Protho?-ax

distinctly longer than wide, widest almost in middle, which is

gently rounded ; base with four deep, isolated punctures, of

Avhich the two median ones are slightly larger than the others,

each side with a partially concealed oblique impression. Ehjtra

oblong ovate, sides rather strongly rounded ; basal depressions

rather feeble ; with sparse, indistinct punctures. Length 1 mm.

Hah.—W. Australia : Swan River, in an ants' nest (A. M.

Lea).

Li general appearance close to daveyi, but more elongate and

prothoracic punctures disitinctly isolated, although close together.

From some directions the elytra appear to be slightly paler

than the prothorax.

Srydmacuus caManeoglaher, n.sp.

Of a bright pale castaneous and highly polished, appendages

paler. Upper surface glabrous except for a very few hairs or

fine setae at sides of prothorax.

Head very smooth and rather wide ; eyes small and fairly

prominent. Antennae distinctly, but not by much, passing base

of prothorax, with a distinct four-jointed club, that is as long

as the six preceding joints combined. Prothnrar about as long

as wide, basal two-thirds parallel-sided, apical third strongly

narrowed ; each hind angle with a single deep puncture. Elytra

briefly oblong ovate, depressed, sides strongly inflated in

middle; basal depression deep but not large; impunctate.

Legs long; femora clavate ; hind tibiae longer than usual.

Lenorth 4-5th mm.
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Hab.—Tasmania : Parattali, in a nest of Colobopsls yasseri

(A. M. Lea).

A short, pale, highly polished species.

Sri/dtiKif'inix /nirroj/s, n.sp. (Fig. 10.)

Pale reddish castaneous, appendages slightly paler, some-

what infuseated at junction of prothorax and elytra. Elytra

with sparse and very short pubescence, rest of upper surface

with somewhat longer clothing.

Head smooth, regularly dilated from a strong basal con-

striction to between antennae ; eyes minute and invisible from

above. Antennae thin, none of the joints ti'ansverse, distinctly

passing base of prothorax ; with a distinct four-jointed club,

the joints of which are much thinner than usual. Prothorax

longer than wide, sides distinctly rounded, and widest slightly

nearer apex than base ; base with four distinct punctures.

Elytra oblong-ovate, at base scarcely wider than base of pro-

thorax, but at widest (just beyond the middle) about twice as

wide; basal impressions feeble; punctures rather sparse and

indistinct. Leys long ; femora clavate. Length 1^ mm.
Hah.—W. Australia : Swan River, in a nest of Pwuera hitea

(A. M. Lea).

Readily distinguished from all previously described Aus-

tralian species by the shape of its head, small eyes and thin

antennae. The second joint of the antennae is as long as the

third and fourth combined, but this proportion is much as in

all the preceding species. In size and appearance, except for

shape of head, much like optatux, but the clulj also is very

different. Both front tibiae and tarsi are missing in the type.

Srydmac till >i su/i /jI irirorii /'<, n.s)).

Deep shining black, antennae, abdomen and base of femora

piceous, or diluted in parts with red, palpi and tarsi flavous.

With rather sparse pale pubescence.

JJ (ad transverse; eyes suuill and fairly prominent; clypeal

sutures distinct. Antennae long and thin, fully four of their

joints passing base of prothorax, not clubbed, first joint partly

concealed from above, almost as long as second and third com-
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bined, second very little longer than third, third to tenth sub-

equal or very feebly increasing in leng-th, eleventh as long as

ninth and tenth combined. Prothorax slightly longer than

wide, rounded at apical third, with sides strongly diminishing

in width to apex, and gently to base ; base with a feeble trans-

verse impression ; with minute, scattered punctures. Elytra

oblong-ovate, at base scarcely wider than base of prothorax,

rapidly increasing in width to basal third, thence gently

rounded to apex ; base gently conjointly arcuate and without

depressions ; with sparse but, for the genus, fairly distinct •

punctures. Legs long ; femora clavate ; tibiae somewhat

thickened about basal third, then slightly narrowed. Length

2 mm.
Hah.—Victoria : Geelong, in a nest of Iridomyriiiex nitidus

(H. W. Davey).

I have not been able to examine the labial palpi of the type,

and the species may eventually be regarded as belonging to a

new genus, but at present I think it is best referred to

Scydmaenus. At first glance it rather strongly resembles an

Anthicus.

From some directions the extreme elytra! margins appear

reddish. The abdomen is strongly notched at apex, the notch

fringed with tine pubescence ; but this is probably a male

characteristic. All the tibiae are thickened about the basal

third, but the middle pair less noticeably than the others.

Scydmaenus ojytatus, Sharp.

In the original description of this species no mention is made

of an impression between the antennae ; but on seven specimens

from W. Australia before me such an impression is quite dis-

tinct. The species is readily identifiable by its two jointed

club, with the ninth joint more than twice as long as wide, and

about as long as the two preceding combined.

Sharp simply records it from West Australia. I have taken

it at Swan River, Newcastle, and Donnybrook, and in the nests

of Camponotus dorycus and Ponera lutea.

Two specimens from N.S. Wales (National Park—H. W. Cox

—

from a nest of Ponera hitea), and one from Victoria (Sea Lake
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—J. C. Goudie—from the nest of an unspecified ant), differ

from the typical form in having no impression between the

antennae, but as I can discover no other distinguishing feature,

I have not considei-ed it advisable to treat them as distinct.

Scydmae)}iUa pus ilia. King.

Six specimens, apparently belonging to this species, were sent

by Mr. H. W. Cox from Sydney and the National Park (N.S.

Wales) as having been taken from nests of Pan era lutea.

ScydmdtnUhi coiisfrirta, n.sp.

Reddish castaneous ; appendages and abdomen somewhat

paler. Upper surface uniformly, but not densely, clothed with

straggling yellowish hair or fine setae ; shorter and denser on

under surface.

Head very shallowly impressed between eyes, these small and

prominent. Antennae just passing base of prothorax, with

a distinct three-jointed club, which is about the length of the

six preceding joints combined. Prothorax distinctly longer

than wide, apex and apical sides rounded, basal third some-

what narrowed ; with a strong, continuous transverse impres-

sion at about basal third, the impression simple across middle

but with ptinctures at sides. Elytra oblong-ovate, greatest

width about twice that of prothorax ; with a distinct impression

on each side of base ; with spai'se indistinct punctures. Legs

long : hind coxae touching : femora clavate. Length 1 l-5th

mm.
Hah.—Tasmania : Hobart, in nests of Amhlyopone australis

(A. M. Lea).

Decidedly larger and somewhat wider than pusilla, and with

longer clothing.

HeteroyiKiflius caruiatus. King.

Occurs in the nests of several species of ants, including

Iridomyrmer nitidus, an allied species in W. Australia; and

in nests of a species of termites.

Hah.—Victoria (Sea Lake, Birchip, Ocean Grove), N.S. Wales

(Liverpool), W. Australia (Swan River).
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Hetero(J)Uit]ius prinreps, King.

Recorded by King as associated with the preceding species

in an ants' nest. I have taken the species at Glen Innes (N.S.

Wales), but have no record as to how obtained.

Phagonophana lingl, King.

Mr. Cox informs me that he has taken this species in nests

of Iridomyrmex rufoniger.

Phag())U)phaiia latipeunis, n.sp.

Reddish-castaneous, elytra (suture and base excepted), and

legs somewhat brighter. Upper surface with fairly dense,

straggling, reddish hair, denser at base of head than else-

where ; under surface and legs with shorter, denser and paler

clothing.

Head convex ; eyes prominent and rather coarsely faceted.

Antennae passing base of prothorax, feebly increasing in width

to apex, and not clubbed, eleventh joint about as long as ninth

and tenth combined. Protlwrar distinctly longer than wide,

apex rounded, sides gently incurved between middle and base ;

with a large, round, deep puncture, or small fovea, on each

side of base, but normally more or less concealed, each side to-

wards base with a similar puncture or fovea. Elytra distinctly

wider at base than prothorax, increasing in width to about

middle and then rapidly diminishing ; with a wide, shallow

impression on each side of base ; and with a few indistinct

punctures. Legs long ; femora strongly clavate. Length .3 mm.
Hah.—W. Australia: Bridgetown, numerous specimens ob-

tained under a log on sandy ground in the company of ants

(A. M. Lea).

In general appearance close to kiugi, but elytra considerably

wider (fully one-fourth more) and less convex, much wider at

base, with more pronounced humeral ridges ; their clothing

also is sparser and longer. The femora also, although almost

as stout at their widest, are not so suddenly inflated.

The male differs from the female in being narrower, with

slightly longer legs, and apex of abdomen not simple.
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I'hcKjniiopliaiia macroxficta, n.sp. (Fig. 11.)

Diirk reddish castaneous, palpi nlightly paler, knees some-

what infuscated; elytra black, with three large reddish spots,

one on each side of middle and the other apical. With rather

dense reddish pubescence, denser and shorter on head and pro-

thorax than on elytra, and veiy short on under surface.

liead (excluding mandibles) almost as long as wide ; with

small more or less concealed punctures. Eyes prominent and

coarsely faceted. Antennae passing middle coxae, joints very

feebly but regularly increasing in width, the apical ones not

clubbed, eleventh subcylindrical but its apex conical, slightly

longer than ninth and tenth combined. Prothorar slightly

longer than wide, widest near apex, sides thence regularly de-

creasing in width to base ; each side of base with two small

but deep foveae, the sides with some smaller more or less con-

cealed ones. Elytra at base scarcely wider than base of pro-

thorax, rather strongly dilated to about the middle, and then

strongly diminishing in width to apex ; with a large fovea on

each side of base
;
punctures indistinct. Femora stout, lower

surface finely grooved. Length 2 2-3rd mm.
Hah.—Tasmania : Marrawah (A. M. Lea).

Readily distinguished from laiigi, and the preceding species,

by the dark elytra with conspicuous markings. The apical spot

commences on the suture about suuunit of the posterior de-

clivity, the median ones do not touch the sides or suture, and

each extends from about the basal fourth to slightlj- beyond the

middle. The femora at the apex are almost as stout as in those

species, but the inflation is nuich less abrupt, and they are

finely but distinctly grooved almost- throughout.

One specimen was taken from an ants' nest^ under a stone,

a second under a near by stone but not associated with ants.

SiLPHIDAE.

Anisotoma myrniecopliiJa, n.sp.

Castaneous, appendages somewhat paler; club infuscate.

liead with small dense punctures. Prothorac with numer-

ous but very indistinct punctures. Elytra with regular rows

1 A small leddish-browii species, probably' an Irido)nurinex.
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of rather small punctures, becoming smaller towards base and

absent from shoulders ; interstices with very minute but rather

clearly defined pvmctures, as distinct on shoulders as elsewhere.

Metasternum, except in middle, with dense and rather coarse

punctures. Legs short and wide ; hind femora with a thin

flange-like extension at inner ajjcx ; front tibiae somewhat in-

flated, and with a few stiff bristles, four hind ones strongly

dilated to apex and with short stiff bristles. Length 2 mm.
Hah.—Tasmania: New Norfolk—a single specimen from a

nest of Colnbopsis gasseri (A. M. Jjea).

Much like tasmanlae in general appearance, but distinctly

smaller, and hind femora edentate, although at apex they have

a thin flange-like extension which partially covers the tiliiae

when at rest.

('lumhiis iniji-nierophilus, n.sp.

JJliick, highly polished : appendages, hind coxae excepted,

reddish flavous. Glabrous.

Upper -surface ap])aren1ly iin]iiin(tate ; subsutui'al striae ab-

sent. Hind rorac with very miiintf ])unctures, and, as also the

metasternum and abdomen, highly polished. Length 1 nun.

Hah.—Victoria: Portland, in a nest of a small variety of

Ectatomina metallicuni (H. W. Davey).

In general appearance something like tierensis, but subsutural

stria absent and under surface very different. The highly

polished hind coxae and metast-ernuiu will readily distinguish

from fiimsoiii, and the colour from tropicus.

Although from some directions the upper surface appears to

be entirely black, from others the tips of the elytra and sides

of the prothorax appear to be diluted with red. The club is

concealed on the type. The hind coxae are fully twice as large

as the metasternum.

Myrmicholeva, n.g.

Head small, with a wide concealed neck. Eyfs small, pro-

minent, latero-basal, moderately faceted. Clypeus rather large

and narrowed in front. Antennae slightly thickened towards

apex, but not clavate. Mentum wide. Lal)ia] palpi minute.
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Maxillary palpi t'our-jointed ; first joint almost entirely con-

cealed, second long and rather thin, third short and sub-

triangular, fourth elliptic ovate, not much shorter than second.

Prothnrax transverse, base strongly bisinuate, each side with

a conspicuous stria commencing near the apex on the extreme

margin, and curved round so as to touch the base half-way

between side and scutellar lobe. Scutelluin small. Elytra

elliptic or elliptic-ovate, epipleuiae fairly wide at base, and

very narrow at apex. Prosterni(,m with distinct sutures, not

carinated along middle. Mesosternum narrowly produced be-

tween coxae. Metasternum moderately long ; episterna narrow

in front, gradually widened posteriorly. Abdomen with six

segments, the apical one very small or sometimes concealed.

Front coxae large, conical, prominent, cavities open behind

;

middle pair almost touching ; hind pair lightly separated, sides

almost touching elytra; trochanters rather small ; femora rather

long and thin, edentate ; tibiae thin, apical spurs minute ; tarsi

five-jointed, rather thin but basal joints of the two front pairs

inflated in male ; claws thin and simple. Body winged.

Although there are four species before me I have not been

able to examine the mouth parts at all well. . But, both from

above and below, they appear to be produced into a more or

less triangular tongue, with the labial jjalpi not very far from

its tip. The mouth parts are certainly not like those of any

other Australian Silphidae known to me, but as in its other

characters and general appearance the genus appears to belong

to the Silphidae, and, in addition, Mr. Blackburn has suggested

the probability of its belonging to that family, I am content

for the present to place it there. Amongst the Australian

genera it may be provisionally placed near Choleva.

At least two of the species here described were taken in ants'

nests ; a third was taken in moss, but was probably there asso-

ciated with ants, as many were seen when picking over the

moss for insects. The fourth was probably also from an ants'

nest, although I have now no record as to how it was taken.

I know, however, that I paid very considerable attention to

ants' nests whilst at Karridale.
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M i/rnnclioJfVd Utfa. n.sp. (Fig\ 43.)

IMacldsh brown, nuirgins and suture slightly diluted with

red ; appendages pale tastaneous, but tibiae and antennae (ex-

cept basal and apical joints) somewhat dai'ker. With moderately

dense and rather long straggling hairs ; under surface and

appendages moderately pubescent.

Head strongly transverse between clypeal suture and neck,

but including mandibles longer than wide ; densely and rather

coarsely punctate ; labrum more than twice as wide as long
;

punctures sparser and smaller than on rest of head. Antennae

almost extending to hind coxae, first joint lightly curved
;

slightly longer than third, and distinctly longer than second,

second to fifth subcylindrical, fourth slightly longer than fifth

and slightly shorter than third, sixth slightly shorter than

fifth, seventh slightly wider but no longer than sixth, eighth

the width of seventh but slightly shorter, ninth and tenth

slightly larger and feebly transverse, eleventh slightly wider

than tenth, but very little longer except on one side where it

is produced into a moderately acute point. Prothorar rather

strongly convex, scarcely tw'ice as wide as long, sides strongly

rounded, apex decidedly narrower than base and gently in-

curved to middle, stria on each side strongly impressed and

marking off a flattened outer portion
;
punctures fairly numer-

ous but very small. Elytra cordate, scarcely once and one-half

as long as wide ; with fairly strong punctures in feeble striae

;

interstices with very feeble punctures, the suture moderately

raised posteriorly. Length 3 mm.
Hab.—W. Australia : Bridgetown, from an ants' nest (A. M.

Lea).

The four front tarsi of the ij\)Q are somewhat inflated, but

much less noticeably so than in the type of lirptlata : ])ut it is

probably a male.

Myrmichohra arutifrons, n.sp. (Fig. 44.)

Flavous or castaneous, some parts darker. With moderately

long, pale pubescence, becou)ing short on under surface.

Head (behind clypeal suture) strongly transverse, but includ-

ing mandibles slightly longer than wide, the apical portion
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acute ; with clearly defined but not very dense or coarse \)\\\\c-

tures, becoming small on labrum. Antennae just passing middle

coxae, second joint slightly shorter than second, and slightly

longer than third, third, fourth and fifth subequal, sixth slightly

smaller, seventh larger and transverse, eighth smaller, ninth

and tenth larger and slightly more transverse, eleventh briefly

ovate, slightly shorter than ninth and tenth combined. Pro-

thorav moderately convex, not twice as wide as long, apex not

much narrower than base, and gently incurved to middle, sides

moderately rounded, sublateral striae close to margin on apical

three-fifths, and thence deep and oblique to base
;

punctures

veiy indistinct. Elytra more than twice as long as wide, shoul-

ders moderately, sides very feebly rounded ; with strong punc-

tures in rather feeble striae ; interstices with feeble punctures,

suture scarcely raised posteriorly. Length 2—2 l-6th mm.
Hah.—Victoria: Forrest (H. W. Davey), Somerville (A. M,

Lea) ; Tasmania : Burnie, Frankford (Lea).

The specimens vars- considerably in colour ; those from

Forrest are flavous, with the under surface and apical half of

antennae somewhat darker, a Burnie specimen has the same

shades of colour, whilst another has the general tone castaneous,

with the prothorax (except at base) and head darker than else-

where ; the Somennlle specimen has these parts almost black.

The head appears to be produced into a subtriangular joint.

The four front tarsi of the male are somewhat dilated towards

the base, but otherwise the sexual differences are not pro-

nounced.

Mr. Davey sent the specimens in spirits together with several

larvae, which he believed to belong to the species. Unfor-

tunately in the same tube were some other ants' nest insects,

and thinking the larvae in question were simply sent as being

from a nest they were not kept ; as the tube was received some

days before the explanatory letter. The beetles themselves were

taken from right in the middle of a nest of small black ants in.

a log.

In the preceding species and in ligulata, the sublateral sitriae

of the prothorax almost regularly increase in distance from the

margins, although the distance is considerably increased pos-

teriorly ; but in the present species they are almost marginal



194 Arthur M. Lea:

to the basal two-fifths ; when they suddenly become oblique

to the base ; in the following species they are intermediate

between this and the preceding species.

MyruiiflioJeva punctata, n.sp. (Fig. 45.)

? . Of a. pale but rather dingy castaneous, prothorax (except

sides and base), head, apical half of antennae and under surface

somewhat darker. Moderately densely clothed with long

pubescence or short hair, liecoming much shorter on under-

surface.

Head behind clypeal suture and across the eyes about twice

as wide as long, but including mandibles about as long as wide

;

with clearly defined and moderately dense punctures, becoming

sparser and smaller on labrum, which is about thrice as wide

as long. Antennae much as in preceding species, except that

the second joint is still shorter than the first, although slightly

longer than the second. Prothorar strongly convex, about twice

as wide as the leng-th down middle, sublateral striae deeply im-

pressed, with the margins somewhat flattened ; disc with dense

and clearly defined punctures, becoming smaller towards sides.

Elytra much as in preceding species, except that they are

slightly shorter, with slightly stronger punctures. Length

2\ mm.
Hah.—W. Australia: Karridale (A. M. Lea).

In general appearance very close to the preceding species,

but readily distingiiished therefrom by the conspicuous pro-

thoracic punctures. As all the tarsi are thin at the base the

type is certainly a female.

Myrwirholeva ligulata, n.sp. (Fig. 12.)

(?. Dark reddish castaneous, appendages paler; under-surface

(tip of al)domen diluted with red) almost black. Densely

clothed with rather long pale pubescence, becoming somewhat

shorter and sparser on under surface.

Head between clypeal suture (which is rather indistinct) and

neck about twice as wide as long ; with clearly defined but

rather small and not very dense punctures; labrum longer and

more convex than in all the preceding species and almost
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iiupunctiite ; ajiparently witli ;i rather long' tongue in front, so

that from its tip to the base of the head that part is ahnost

twice as long as wide. Antennae extending to hind coxae, first

to sixth joints subcylindrical, seventh to tenth slightly dilating

to their apices ; first almost twice as long as second, third about

once and one-half as long as second, and distinctly longer than

fourth, fifth and sixth slightly diminishing in length, seventh

a trifle larger than sixth, which is just perceptibly larger than

eighth, ninth larger and feebly transverse, tenth slightly shorter

than ninth, but the same width, eleventh not much longer than

ninth, except on one side where it is moderately produced.

Prothorax scarcely once and one-fourth as wide as long, sides

moderately rounded, apex distinctly narrower than base, and

very feebly incurved to middle ; sublateral striae deeply im-

pressed, the margins less convex than the disc but scarcely

flattened ; with fairly numerous but very minute punctures.

Elytra elongate subcordate, almost twice as long as wide ; with

moderate punctures in moderate striae ; interstices with numer-

ous small but fairly distinct punctures, suture scarcely separately

raised posteriorly. Length 3 2-3rd mm.
Hab.—Tasmania : Waratah, in moss (A. M. Lea).

From some directions the elytra appear to have the suture

paler than the sides, but from others they appear to be of

uniform colour. The basal joints of the four front tarsi on the

type are very wide, on the front pair the first joint is distinctly

wider than the tibia, and subtriangularly dilated from its base

to its apex, the second and third are small and strongly trans-

verse ; on the middle pair the three basal joints are somewhat

smaller, with the first joint less triangular and no wider than

the tibia.

The species may be tabulated as follows :
—

Elytra much less than twice as long as wide . . . lata

Elytra about, or more than, twice as long as wide.

Second joint of antennae shorter than third - - ligulata

Second joint longer than third.

Prothorax with feeble punctvires - - acutifrons

Prothorax with clearly defined punctures - ^punctata
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Trichoptertgidae.

Rodwayia.

A curious genus of blind species, quite commonly found in

the nests of many species of ants. Its nearest ally {LimuJodes)

also occurs in the nests of ants in N. America.

Rodwayia minuta. Lea.

Quite comuiion in nests of Colobopsis gasseri, and occasionally

with Ectatoinma metalJicum.

Rodicayia occidentaUs, Lea.

Occui's in nests of a CamjJonotus^ under stones.

Rodwayia orientalis, Lea.

- Occurs in nests of Colobopsis gasseri, Ectatomma metallicum,

Pheidole tasmaniensis and Iridomyrmex rufoniger.

Rodwayia ovata, Lea.

Abundant in nests of the common Polyrachis hexacantha, and

also to be taken with Camponotus novae-JwIlandiae.

HiSTERIDAE.

Paromalus iniliaris, Mars.

Two specimens from Forrest and Portland sent at different

times by Mr. Davey as occurring in the nests of " the small

black ants that mostly nest in trees and run about with their

abdomens cocked in the air." One of the specimens " found in

centre of nest." It appears, however, only to be an occasional

visitor.

Chlamydopsis and Orectoscelis.

Of these remarkable and allied genera nine species have been

described, and all with the exception of formicicola, apparently

from single specimens. I have now to add six more, also all

1 In ^'eiieral appearance fairly close to C. novac-hollandiac.
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from single specimens. The reason for this paucity of material

is probably the fact that, whilst many ants' nests have been

superficially examined, they have seldom been specially searched

for species of these genera, and their deceptive resemblance

to ants or insect remains is very strong; when mounted this

resemblance would hardly be thought possible. They probably

also, except when coming out to mate, live deep in the nests.

Probably when nests have been systematically dug out in Aus-

tralia and sent through sieves, etc., they will be found more

plentifully. Although several of the specimens described were

not taken in ants' nests, there is no doubt but that all the

species are truly myrmecophilous.

Orectoscelis humeralis, Lewis.

Taken by Dodd from an ants' nest at Townsville, and so re-

corded by Lewis.

Chlami/dopsis comata, Blackb.

Described from " A single specimen found in a pool of water."

Chlamydopsis duhoulayi, Westw.

Taken originally by Duboulay, who frequently examined the

nests of ants ; but ants are not mentioned at the foot of the

description.

(^hlam}/dopsis formicicnla. King (Byzenia). (Fig. 15.)

This species was recorded by Lewis as a synonym of striafella,

but this is not correct. It differs in many respects from stria-

tella (of which I have a Swan River-^the type locality—example)

but in particular by the shoulders and striation. The following

remarks by King, on the elytra, apply only to this species of

all the genus known to me :

—
" They are marked by four strong

ridges, all rising towards one point, and nearly meeting behind

the shoulder, the apparent perforation betAveen the points being

fringed with a few stiff yellowish setae."

I have, from the late Rev. R. L. King's collection, two speci-

mens which were obtained as co-types of Byzenia formicirola.

and from Liverpool (the type locality). Mr. Froggatt also sent

me a specimen. King described the colour as " Piceus," and



198 Arthur M. Lea :

said, " The species is readily known by its black colour.''

l)iit my specimens are of a chestnut brown colour. To be quite

certain, therefore, I sent my third specimen to Mr. Rainbow

for comparison with the types, and in reply he wrote, " I have

carefully examined your specimen with King's types, and there

can be no doubt that they are one and the same species, the

only difference being that yours is a shade darker ; neither of

them are black.'' There can be no doubt therefore but that

King wrongly described the colour as black, and in fact he

appeared to regard all fairlj'^ dark shades of colour as black.

On Mr. llainbow returaing the specimen it was forwarded to

Mr. Lewis, who wrote of it :
" The specimen of Chi. formicicola

is quite distinct from KtriafeUa."

Chlamydojjsis iiiaequaUs, Blackb.

Described from a single s^^ecimen from the top of a rotten

fence post " in which Hymenoptera were making their nests."

Chlamydopsis iiiquilina, Lewis.

Reported as occurring in ants' nests " (Lewis).

Clilamydojjsis pygidialis, Blackb.

" Obtained l)y beating dead branches and probably connected

with some species of Hymenoptera inhabiting the dead wood "

(Blackburn).

Chlamydopsis stern alls, Blackb.

The type was taken in the same way as the type of inaequalis.

On comparing Chlamydopsis and Orectoscelis Lewis states,

" Li the genus Orectoscelis there is no prosternal keel, and C.

duhnulaii certainly (from Westwood's figure) and C. sternalis,

Blk., probably belong to it.'' But so far as sternalis is con-

cerned he must be in error, as Blackburn states of that species,

" prosterno medio longitudinaliter late fortiter carinato, carina

media longitudinaliter profunde sulcata."

Chlamydopsis striatella, Westw.

' Reported as occurring in ants' nests '" (Lewis). A specimen

before me was beaten from dwarf Eucalypti at Fremantle.
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( 'li/d/iij/clops/s /rfiriifafd, n.sp. (Fig. 16.)

Brownisli castaneous, appendages somewhat p;ilei'. Glal)rous,

except for humeral membranes, and some sparse pubescence on

appendages.

Head with shallow reticulate punctures. Antennae fitted into

grooves at apex of prothorax, basal joint very large, with punc-

tures as on head, curved, with a strong inner groove ; club about

as long as basal joint, lightly curved and subcyclindrical. Pro-

thorar about twice as wide as long, disc gently convex ; front

margins narrowly but distinctly raised, sides gently incurved to

middle ; with regular, shallow, reticulate punctures. Elytra

about as wide as long ; with a wide, deep, highly polished, sub-

basal impression, which, close to the base has a flattened space

,on each side of scutellar region terminating abi'uptly ; shoulders

in the form of raised, arched, striated epaulettes beyond each

of which projects a fine and rather short membrane covered

with golden pubescence, each epaulette separated from base by

a narrow wedge-shaped space, and bounded posteriorly by a

distinct notch ; middle beyond subbasal depression finely

striated, the striae towards apex merging into punctures as on

prothorax, similar punctures elsewhere ; each side with a large

shallow depression about middle and a smaller one about apex

;

outer margins with strong striae converging to subbasal notches.

Pygidium and propygidiuni with punctures as on prothorax,

but becoming feeble at apex. Prosternum not ridged along

middle, but with a narrow oblique ridge on each side marking

the inner side of the femoral receptacle; punctures in middle

as on pronotuui l)ut l)ecoming obliterated at sides. Mesosternum

with a wide, punctate, intercoxal process. Metasternum ini-

punctate. Abdomen with punctures towards sides and a row of

small ones at base of intercoxal process. Legs rather long

;

tibiae near base suddenly and strongly inflated and then gently

narrowed to apex, the inflated jDarts thin and each with a

shallow groove for the reception of tarsi. Length 2^ mm.
Hah.—Australia (a single specimen, without locality label,

from the late Rev. R. L. King's collection).

In many respects close to striatella, but the depressed basal

part of elytra with a greater portion highly polished, the epaul-
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ettes larger and from some directions apparently free, the

hollows they cover larger, with the tuft of golden hair nmch

longer (although not as long as described in coinata). Each of

these tufts, under a Coddington lens, appears to be a fine mem-

brane covered with golden pul^escence. The metasternum also

has not a row of distinct punctures close to its side pieces, but

is impunctate to its sutures. In many respects it is close to

the description of inaequalis, but the upturned margin of pro-

thorax is not in six lobes but four, the two median small and

rounded, the others much larger, and sweeping round with an

even cun^e to the sides, but the inner comers appear almost

like the two inner lobes ; inaequalis also is not described as

having subhumeral fascicles or membranes, and is almost twice

the length.

The subbasal depression of the elytra is covered towards the

sides by the epaulettes, but at each side appears as the notch.

The inflated portion of the four hind tibiae commences at about

the basal two-fifths ; on the front tibiae it is not so pronounced

and commences rather nearer the base.

On this and several other species parts of the derm are

covered with a dense network of fine ridges, dividing the parts

affected into numerous honeycomb-like areolets ; in the strict

sense of the word they are probably not punctures.

Chlaniydopsis ercarata, n.sp. (Fig. 17.)

Dark piceous-brown, pronotum almost black, legs castaneous.

Prothorax, head, py- and propygidium with short and rather

sparse pubescence, apex of elytra and legs with much sparser

pubescence, membranes pubescent, elsewhere glabrous.

Head with shallow reticulate punctures. Antennae with basal

joint large with punctures as on head. Prothorax about twice

as wide as long ; disc gently convex ; margins feebly raised in

middle of apex into two rounded lobes, thence to sides more dis-

tinctly raised and sweeping round antennary receptacles with

a rather strong curve ; sides almost parallel ; with punctures

as on head. Elytra about as long as wide ; highly polished
;

with a deep, wide excavation commencing at base, widest at

about basal third, then narrowed with strong and regularly
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diminishing wulk till it opens out at about two-fifths from

apex ; about base on each side of scutellar region with a feebly

raised space within the excavation : shoulders in the form of

strongly raised eqaulettes, projecting beyond each of which is

a membrane ; surface impunctate ; outer margins with strong

striae converging to subbasal notches. Pifgidium and propygi-

dium obsoletely reticulated. Under surface, and lega as de-

scribed in preceding species. Length 2^ mm.
Hah.—Tasmania : near Hobart (A. M. Lea).

In its shining elytra, which from some directions apjjear to

be quite glabrous, agrees with description of comata, but with

little else in common. The antennae on the type are completely

immersed within the prothoracic grooves, so that only the outer

side of the basal joint of each is visible, with the tip of the

club. The epaulettes are of the same shape and size as the

preceding species, and are similarly bounded, but they are

non-striated
;

projecting beyond them also are similar golden

clothed memliranes. Many of its features exactly resemble

those of the preceding species. The type was obtained near

Brown's river under a stone which covered the nests of three

species of ants

—

\. Myrmecia pyriformis.

2. Ectatomma metallicum.

3. Pheidole conflicta.

('hlamydopsis loiigijjes, n.sp. (Fig. LS.)

Black or almost so ; head, pronotum, apex of prosternum,

epaulettes and appendages reddish castaneous. With sparse

short setae scattered about on body and appendages.

Head with shallow reticulate punctures. Antennae with basal

joint large, curved, of irregular shape, with a deep inner groove

and with punctures as on head ; club large, gently curved and

subcylindrical. ProtJwrax about once and one-half as wide as

long, disc moderately convex ; front margins narrowly raised

and divided into lobes, sides gently incurved to middle, but with

minute subgranular projections ; with uniform punctures as on

head. Eh/tra slightly longer than wide ; with a large, wide,

basal impression, which on each side of scutellar region has a
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feebly elevated, flattened, feebly reticulated space; shoulders

strongly elevated, and in the form of reticulated irregular epaul-

ettes ; behind these the elytra are strongly elevated, with each

elevation strongly sloping inwards and rearwards, and vertical

outwards ; surface with punctures as on prothorax, except that

about the inner walls of the post humeral elevations they be-

come striated ; with small scattered granules ; outer margins

with strong striae converging to a depression, which is bounded

by the outer wall of the outer humeral emargination. Pyyi-

dium, propygidium and under surface with punctures as on

prothorax, but coarser on prosternum than elsewhere. Pi-u-

sternum without ridges and femoral grooves. Metasternum fully

as long as prosternum, with a narrow, continuous median line.

Abdomen about two-thirds the length of metasternum. Legs

very long ; femora thickened towards apex and not grooved,

four hind pair moderately curved ; til^ae the length of femora,

somewhat curved, without flange-like extensions, the two front

pairs at about middle somewhat thickened (with the thickened

portion commencing angularly), and thence to apex each with

a groove for the reception of tarsi ; the hind pair strongly

thickened at apical two-fifths, with the thickened portion not

commencing angularly, and densely granulate-punctate, ter-

minated by a short distinct mucro, and with a narrow deep

tarsal groove. Length 3 mm.
Hah.—Victoria : Bannockburn (H. W. Davey).

Apparently closer to iuaequalis than to any other described

species, but base of elytra and punctures not as in description

of that species, and legs much longer (the four front legs of

inaequalis are described as longer than the elytra, and the hind

pair longer than the entire body ; in the present species the

four front legs are longer than the entire body, whilst the hind

legs are tAvice the length of the body.

The raised front margin of the prothorax is divided into six

small median lobes, but of these the two outer ones represent

the inner ends of strong curved lines that sweep round the

ant-ennary receptacles ; from some directions these cui*\"es appear

quite regular, but from others each is seen to have a small

median elevation. No part of the elytral excavation is highly

polished and all parts are reticulated. The epaulettes each are
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strongly einarginated ; the inner emargination is semicircular,

with its outer points overhanging the basal excaA^ation in such

a manner that a line between them would be o?jlique ; looking

down into this emargination there may be seen fine golden setae,

and apparentlj'- remnants of a membrane, but there is no project-

ing membrane or fascicle as in some other species. TTie outer

emargination is deep, but narrow to its a])ices, with the outer

wall narrowly raised and oblique.

(Jn presenting the specimen to me Mr. Davey wrote, '"
I haA^e

just returned home from Bannockburn, and when there took

the most extraordinary ant-nest beetle that I have ever seen or

heard of, the nest in which it occurred was under a large stone,

the ants were small green metallic ones,i and after a little time

this beetle came tumbling up out of one of the tunnels in a

most comical way, and for a moment or two I took no particular

notice of it, merely thinking it was the severed head and thorax

of a slightly larger ant, the way it tumbled about in the sun-

light (although it has very good eyes) ; the hind legs are greatly

developed, and its antennae most peculiar."

ChJamydnpsis glabra, n.sp. (Figs. 19., 4'6.)

Almost black, margins of el3i;.ra towards base, and all ap-

pendages more or less reddish ca-staneous. Glabrous.

Head impunctate. Prnthorar almost twice as wide as long,

disc gently convex and gently undulated to sides, Avhich are not

raised, apex gently incurved to middle, front angles strongly

rounded off, sides thence gently increasing in width to base

;

impunctate. Elytra slightly longer than wide ; with a strong,

transverse, subbasal depression which is widest in middle, but

of irregular shape, and terminated just before the margins
;

shoulders feebly depressed ; sides gently sinuous ; about middle

with a wide, feeble, elongated depression, near apex with a some-

what curved and deeper one : with si)arse, minute, irregularly

distributed punctures ; margins with a few minute scratches,

but without striae. Pyyidiu))i and propj'gidium, impunctate.

Under nirface with scarcely visible punctures. Prosternum

without a median ridge, but with a fine oblique one on each

1 The ants belong-ed to Ectatomma metalUcum.
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side marking the side of the femoral groove. Metasternum

almost as long as pro- and mesosternum combined, and dis-

tinctly longer than abdomen, with a narrow continuous median

line. Legs rather long ; hind coxae unusually large ; femora

grooved for reception of tibiae, and tibiae for reception of tarsi ;

tibiae with thin, wide, flange-like extensions. Length 4^, width

3 mm.
Hab.—'^.S. Wales: Grenfell (E. W. Ferguson).

The total absence of striation and almost total absence of

punctures (such as are present are very small and indistinct),

with the smooth surface (although with depressed parts), absence

of humeral tufts, and larger size, render this species very dis-

tinct. The absence of epaulettes with the very large hind coxae

are probably indicative of generic rank, but the species of this

genus (as also of Articerus) differ in so many important details

that it seems advisable to allow very considerable latitude in

features that ordinarily would be regarded as generic.

The pale elytral margins are very distinct, but rapidly merge

into the general colour without a distinct dividing line ; the

apical half of their margins, as also the entire lateral margins

of the prothorax, from some directions, are seen to be diluted

with red, but from other directions appear scarcely, or not at

all, paler than the general colotir. Except for a few indistinct

setae on the under surface of the tarsi, the insect is entirely

glabrotis. On the type the antennae are completely immersed

with the receptacles for them., so that only the basal joint of

each is visible. Each in area is about as large as the head,

irregularly triangular in shape, and impunctate. Several of its

legs are damaged, but the four hind tibiae each have a strong

flange-like extension rather suddenly commencing about the

basal third, and gradually diminishing, with a rounded outline,

to apex.

Dr. Fergtison found the type on Weddin Mountains, Sep-

tember, 1907, under a log in company with remains of ants.

Chlamydopsis rorho. n.sp. (Figs. 20, 47, 48.)

Black, subopaque, legs reddish castaneous, elytral margins

obscurely dihited with red. With a few short pale setae scat-
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tered altout on head, apex and sides of elytra, on py^ndium, and

legs.

Densely covered all over (less coarsely on elytral margins

than elsewhere) with strong punctures of almost uniform size,

the spaces between densely and minutely jDunctate. Head
irregularly oblong, very gently concave. Antennae with basal

joint large, curvilinearly triangular, and with much smaller

punctures than on head. Prothorax slightly longer than wide,

but slightly wider than long if a median projection be excluded
;

the projection occupies about three-fifths of the apex, is directed

obliquely upwards and forwards so as to overhang the head, is

deeply impressed along the middle from its apex to its base,

with apex widely bilobed and the outer angles somewhat pro-

duced ; sides bisinuate. Elytra quadrate ; with an oblique im-

pression on each side of base ; behind each impression the

shoulder, which is not elevated, projects forwards, and is tipped

at the inner apex with a closely set oblique line of golden setae
;

apical angles strongly rounded. Prosternum longer than usual,

each side of base with a strong femoral groove, marked inter-

nally by a fine oblique ridge, middle not ridged. Metasternum

slightly shorter than abdomen, and distinctly shorter than pro-

sternum. Basal segment of abdomen rather more than half its

total length along middle, and more at sides. Legs wide, and,

for the genus, rather short ; femora grooved for reception of

tibiae, and tibiae for tarsi ; tibiae each with a wide flange-like

extension, but on the front pair narrower than on the others.

Length 2 2-3rd mm.
Hah.—^Viotoria : Sea Lake (J. C. Goudie).

The prothorax of sternalis seems to be crested somewhat as

in this species, but the description of the prosternum, shoulders,

etc., is very different. Mr. Blackburn referred sternalis and

inaequalis to Chlamydopsis, but evidently with considerable

hesitation. Mi*. Lewis apparently regards the non-keeled pro-

sternum as the main feature distinguishing Orectoscelis from

Cldamydopsis, and this sjDecies should perhaps be referred to

Orectoscelis, although probably a new genus will ultimately be

proposed for it. Tliis I do not venture to do at present, as

the head of the type is retracted, with the antennae and eyes

concealed, and to render them visible would probaljly mean its

partial destruction.
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In appearance it is like a little bit of charcoal, and I venture

to suggest for it the '" popular " name of " Goudie's charcoal

beetle," the name by which it has been frequently mentioned

in corres;pondence. It was taken by Mr. Goudie in a nest of

very small ants under a board.

The punctures are veiy dense, but not net-like as in several

species of the genus, nor do they anywhere become striated in

appearance.

Chlamydujisis variolosa, n.sp. (Fig. 21.)

Dark brown, appendages more reddish ; feebly shining.

Head immersed in prothorax ; face vertical and with distinct

and fairly numerous punctures. Antennae with basal joint

large, irregularly triangular in shape, and about two-thirds the

expanse of head. Prothorax about twice as wide as the length

down middle, front margins narrowly raised and lobed, the

lateral margins wider and less raised ; with fairly large and

rather dense punctures, the interspaces with smaller and dense

ones. Elytra about as long as wide ; with a wide irregular

transverse depression near base, the depression scarcely punc-

tate, but not highly polished ; each side of suture at base with

an obtuse densely punctate tubercle ; between this and shoulder

a large, subtriangular, raised, densely punctate space, its inner

apical margin somewhat irregular ; each shoulder divided from

the medio-basal space by an oblique line, from the apex of which

proceeds a small and thin pencil of hairs, its apex widely

notched and sides irregularly ol^liquely striated, the striae all

converging to the notch ; behind medio-basal elevation on each

side with an obtuse tubercular elevation ; the surface elsewhere

feebly undulating and with punctures much as on prothorax.

Under surface and py- and propy-gidium with punctures as

on pronotum, except that tJie larger ones are rather deeper and

smaller. Prosternum feebly lobed in front, not depressed or

carinated along middle. Metasternum slightly longer than pro-

and meso-stemum combined, with a deeply impressed median

line. Abdomen with basal segment about half the length of

metasternum. Legs long, femora narrowly grooved ; tibiae

strongly inflated near Ijase, and thence regularly narrowed to

apex ; tarsi long and thin. Length 2^ mm.
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Hab.—Queensland : Dalby (Mrs. F. H. Hobler).

The shoulders, although very different to those of formicicola,

are nearer to those of that species than to those of any other

described one, but the parts behind them, the prothorax, punc-

tures, etc., are very different. The antennae on the type are

completely immersed in their cavities, so that only the outer

face of the basal joint of each is visible. Tlie larger punctures

cause a curious small-pox like appearance, especially on the

prothorax. The side pieces of the mesosternum project between

the elytra and prothorax much as in weevils of the subfamily

Baridiides. The type was sent in spirits, with many other

insects, without comment,

NiTIDULIDAE.

Brarlii/jjeplus auritus, Murray.

Nearly always to be found in nests of the little native bee

(Trigona carhonaria) near Sydney.

Brachyptpluii hasalis, Er.

Seems a fairly common visitor to nests of the little native

bee near Sydney ; and numerous specimens were once seen in

"VV. Australia about a hive bees' nest in a fallen tree. It is, how-

ever, quite a common bark insect.

Circopes pilistriatus, Macl.

A single specimen was taken in a nest of Cajnponotus nigri-

ceps, but it was probably there by ficcident.

Pria ruhicunda, Macl.

Six specimens sent by Mr. Davey as occurring in nests of- a

' small black evil smelling ant " in a rotten log. I have also

seen the species in the company of ants, both in N.S. Wales

and Tasmania.

In Masters' Catalogue the species is recorded only from

Gayndah, but it is common in many paints of Eastern Australia

and Tasmania.
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T'rOG08ITIDAE.

A specimen of this family, regarded by Mr. Blackburn as

probably belonging to a new genus near Trogosita, was taken

in a nest of Pheidole bos at Mount Barker (W. Australia).

Having but the one specimen and the cephalic appendages being

very small I have not considered it advisable to deal with it at

length. It is, however, a curious insect, with an outline and

general appearance much as in some of the narrow black species

of Adelotopus.

COLYDIIDAE.

Nepharis alata, Cast.

{Hihetes thoracicus, King).

Recorded by King from specimens " found in the nest of a

large Ijlack ant, under a stone at King G-eorge's Sound. Messrs.

Goudie and Davey have taken it in Victoria from nests of

1 7-idoniyrmex nitidus.

Nepharis costata. King.

Recorded by King as being '' found in the nest of a small red

ant living in wood and under bark of dead trees on the ground."

Messrs. Goudie and Davey have taken it in abundance from nests

of Iridomyrmev nitidus.

Nepharis goudiei, Lea.

Occurs in nests of Crematogaster laeviceps.

Originally referred with some doubt to Nepharis. M. Grou-

velle, to whom a specimen was sent, wrote to me that he con-

sidered it generically distinct, but I will leave to him the task

of proposing a new genus for its reception.

Nepharis serraticollis, n.sp. (Fig. 22.)

Reddish-brown, margins and legs somewhat paler. Without

pubescence.

Head flattened, somewhat dilated between antennae, apex

notched, a dentiform projection behind each eye, which is suuill

and lateral, with dense and coarse ^junctures, becoming smaller
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in front. FrotlKira^c about as long' as greatest width, base and

apex subtruncate, base slightly wider than apex ; margins flat-

tened and strongly serrated ; with dense, strong punctures.

ScuttJluni minute. Eh/tra very little wider than prothorax,

almost p<irallel-sided to l)eyond the middle, apex strongly

notched, sides with rather narrow flattened margins ; regularly

(except that the alternate interstices are sometimes feebly raised)

cancellate-punctate, in about ten rows, the punctures of almost

even size throughout. Unchr xiirfdcf with punctures as on pro-

thorax. Femora very stout ; tibiae rather thin but somewhat

inflated at apex ; tarsi thin. Length 2 2-3rd mm.
Hah.—Victoria: Geelong—in a nest of Iridoniyriiier nitidus

(H. W. Davey).

Tlie antennae are short and indistinctly jointed much as in

goudiei, so that if it becomes necessary to regard that species

as belonging to a new genus, this species should be associated

with it. From goudiei however, it dift'ers in being longer and

almost twice as wide, with the head of difi'erent shape and eyes

larger. It has no projecting submentum as in rostafa.

On the type there are thirteen teeth of almost equal size on

one side of the prothorax, and fourteen on the other.

Ditoma villosa, n.sp. (Fig. 23.)

Dingy reddish brown, under surface and appendages paler.

With numerous long straggling yellowish hairs ; under surface

pubescent.

Head densely and coarsely punctate, with two feeble tubercles

in middle, shallowly depressed between antennae and strongly

raised above each antenna, the distance between the tips of the

raised parts equal to, or slightly greater than, that between the

outer margins of the eyes. Antennae about as long as greatest

width of head, first joint entirely concealed from above, second

slightly longer than third, but from above appearing somewhat

shorter ; tenth joint slightly larger than eleventh, the two

forming a club. Pruihorax at its greatest width about twice as

wide as the length down middle, densely granulate, sides

strongly serrated or denticulated ; the front angles strongly

produced, and also serrated externally. Elytra with margins.
If)
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finely serrated, but otherwise parallel-sided to near apex ;
with

close, regular rows of large punctures. Under surface densely

punctate. Legs rather short ; femora stout. Length 3^—3 2-3

mm.
Hab.—Victoria: Birchip, in nests of Crematogaster laeviceps

(J. C. Goudie) ; N.S. Wales : Clarence River (G. Compere),

Forest Reefs, under a log close to an ants' nest (A. M. Lea).

Several s^^ecies of the genus are known to have short setae,

but on this species the clothing is decidedly long. The teeth on

each side of the prothorax vary in number from four to six,

exclusive of those (which are usually much smaller) on the pro-

duced front angles.

Kershaivia rugiceps. Lea.

Occurs in nests of Iridomyrmex nitidus.

Both Messrs. Goudie and Davey have sent a bright red larva

as belonging to this species. It is of an almost blood-red colour,

and subopaque, with the head shining and dark brown, except

the muzzle, which is somewhat reddish ; on the first thoracic

segment there is an infuscate shining M ; on each of the two

following segments there are two rounded, infuscate, shining

spots. Tlie apical segment on its upper surface is shining, the

colour of the head, and with two long pale acute processes

curved at their apices. Scattered all over the upper surface

and sides are some long yellowish hairs ; the under surface

has much shorter but similarly coloured hairs. The length of a

full-grown larva is 6 mm.

Bothrideres tibialis, Blackb.

Mr. Davey informs me that he has taken numerous specimens

of this species under the bark of Eucalyptus trees, in the nests

of Colobopsis gasseri. They were probably there by accident,

however.

Tretothoracidae, n. family.

Antennae teu-juinted, non-clavate. Mentum wide, entirely

concealing mouth parts. Metaslernum elongate. Four front

tarsi five-jointed, the others four-jointed, subapical joint of each

not bilobed.
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Additional details are Lriven under the generic synopsis. The

family at present \iva\ be phiced between the Rhysodidae and

Cucujidae.

Tlie entire, or ahnost entire, concealment of the palpi is a,

character that is not unique in beetles, but so far as I am aware,,

outside of the Bliysodidae, only occurs in myrmecophilous

genera.

Tretothorax, n.g.

Head elongate, narroAved behind eyes and strongly constricted

at base, sides in front of eyes incurved, and then suddenly

inflated at antennae, apex abruptly truncate and without clypeal

sutures. Eyes rather large, round, lateral, rather finely faceted,

inserted much closer to base than apex. Antennae ten-jointed,

short, fairly stout, of almost even width throughout, first joint

longer than tenth, this moderately, all the others strongly

transverse, apex abruptly truncate. Palpi entirely concealed.

Mentum strongly transverse, entirely concealing the mouth

parts, front semicircularly emarginate in middle. Gular sutures

represented by two short, deep basal grooves. Piothorax elon-

gate, deeply grooved both longitudinally and ti'ansversely,

prosternal sutures deep in front. Scutellum minute. Elytra

long and somewhat depressed, sides gently rounded, and clasp-

ing the bod}'. Mesosternum fairly long, outer side pieces much

larger than the inner, and with deep sutures, the inner not well

defined. Metasternum elongate, hind apex notched in middle
;

episterna very narrow. Abdomen long, first segment about as

long as second and third combined, second slightly longer than

third, third than fourth, and fourth than fifth. Legs rather

short and thin ; front coxae touching, globose, inserted at

extreme base of prosternum, and with open coxal cavities,

middle coxae slightly larger, but deeply buried and lightly

separated ; hind coxae still larger, transverse, sides touching

elytra, separated internally by a triangular intercoxal process
;

femora linear, not grooved, edentate, hind pair scarcely passing

middle of abdomen ; tibiae slightly shorter than femora, termi-

nated by two short stout spines ; tarsi linear, not spongiose on

lower surface, apical joint slightly longer than first, and first
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than any of the others, two first pairs five-jointed, the hind

pair four-jointed ; chiws small and simple. Body winged.

A highly remarkable genus which I have been unable to place

in any family by any system of classification I haA^e looked into.

Thinking that the Rca . T. Blackburn, with his wider experience,

could help me, I sent a specimen to him for his opinion, sug-

gesting that it possibly came close to the liliyxodidat or

Colydiidae, and of it he wrote:—
" One of the most remarkable insects I have seen for :i long

time past, and not falling naturally into any family known to

me. Possibly a new family, but this could not be determined

without knowing whether the other sex is heteromerous. If it

is I should say that this represents an uncharacterised family

(or rather subfamily). If, however (as is probable), this is a

male and the female is j^entamerous, I should place it in the

Rhysodidae without much hesitation, and consider it as pre-

senting a character in the tarsi which is by no means rare in

the L'lavicornis (e.g., in Cucujidat and Vryptophagidae). If,

however, it is (J of a species w^th ? tarsi pentamerous it would

be worthy of note that it is something of the nature of a

" missing link " between Colydiidae and Bhysodido''. You
will, of course, remember that these remarks are made without my
having examined the under surface. The antennae are certainly

as you note, Colydiiform, but I should give greater weight to

the structure of the tarsi, palpi and pronottim ; as far as I can see

beneath the head there are some points of analogy with the

Passandrides. I think the tarsi are impossible for a Culydiid.'''

Since the sjDecimen mentioned was sent to him I have seen

many others (nearly a hundred), and all have the tarsi 5-5-4.

Such tarsi are at once suggestive of the Heteromtra, but they

appear to be quite negatived by the apparent entire absence of

palpi, whilst the antennae are certainly close to those of several

genera of Colydiidae, and, as with those, the missing eleventh

joint appears to be completely buried within the apex of the

tenth. The under surface of the head is not at all like any

of the Passandrides that I have examined. In the Rhysodidae,

although the palpi are apparently absent, the mentum is

strongly produced instead of emarginate in tiie middle, and

the front coxae are strongly separated instead of touching.
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The venation has been of no assistance to inc. Imt us it inobiibly

may be to others, a sketch of a wing is given.

Tntotltord r cleAstostoma, n.sp. (Figs. 13, 14. 49.)

Hlack or bIackish-l)ro\vn, and rather feebly shining ; elytra,

and under surface usually a trifle paler.

II end more than twice as long as wide ; convex and with

rather coarse punctures between eyes, a groove close to each

eye filled with short dense reddish setae, the same continued, but

as a feeble ridge on each side to about the apical third, base

with similar but denser setae ; between the sublateral setose

ridges with a feebly elevated impunctate carina; obtusely semi-

circularly raised between antennae, and with coarse punctures,

becoming smaller, but still distinct, to apex. Under surface

with a few coarse punctures, sides behind eyes with setae as on

upper surface. Antennae scarcely as long as head, width

slightly more than that of front tibiae. Prothorax about once

and one-half as long as greatest width, sides gently narrowed

to apex, and gently towards basal third, thence dilated to ne;ir

base; with a deep longitudinal groove in middle, and another

curved one on each side, the three traversed hj a deep groove

at about basal third ; in consequence each side of the base

appears in the form of a raised lobe, obtusely pointed, and

ahnost touching the obtuse point of a longer frontal lol)e ; the

latter with coarse punctures in front, but smooth behind, the

basal lol)es with a few punctures about extreme biise only.

Elytra narrow but distinctly wider than prothorax, base gently

arcuate, sides very feebly dilated to about the basal third, and

then feebly narrowed to apex, apex itself feel)ly notched ; with

a row of minute punctures on each side of suture, but elsewhere

with large dense punctures, rather larger and more rounded

towards sides than suture ; with short subsutural striae towards

apex. Epipleurae rather narrow throughojut, each with a

regular row of round pimctures. Under surface with i-ather

dense punctures, rather smaller than on elytra, except on

mesosternum and just in front of front coxae, where they are

as large. Legs densely and rather coarsely punctate, fi-ont tarsi

with first joint slightly longer than wide, and feebly dilated to
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apex, second, third and fourth transverse, and feebly diminish-

ing in size, fifth slight!}^ narrower than fourth, about as long as

the first ; middle tarsi with the Joints, except the fifth, some-

what longer, and only the fourth feebly transverse ; hind tarsi

with first and fourth joints moderately long ; all the tarsal

joints (except the claw joint) very feebly grooved on lower sur-

face. Length 8^—11^ mm.
Hah.—Queensland : Little Mulgrave River, in nests of Lobo-

pelta excisa,- and of Odontuinaclius cdriiin-ns (H. Hacker).

I am unable to point out sexual differences ; there is a slight

difference in the comparative width aci'oss eyes, and between

antennae, but these dift'erences are probably individual, rather

than sexual. Each puncture of the head and legs contains a

short seta. The antennae are rather densely setose. From each

side near the base a hole can be seen right through the

prothorax, but this is usually filled with mud, on the largest

specimens it is just possible for a number eleven Kirby and

Beard pin to pass through it up to the head. Mr. Hacker sent

two specimens at first as having been taken on a log ;i later

he sent a single one as from the nest of an ant, and still later

numerous specimens from nests of two species of ants to Mr.

French, who kindly allowed me to examine them.

Ch\ V'VOVU AiiWAK.

Mr. Davey sent a sj^ecies belonging to this family as from

a nest of small black ants. As, however, it Avas represented by

a single specimen of very minute size, and of somewhat doubtful

genus, it is not fully worked out at present.

Latiiridiidak.

Holopara/necus hunzei, Aube.

On one occasion numerous specimens of this species were

taken from a nest of ants under bark in W. Australia. I have

to thank M. Grouvelle for the identification of the species.

1 He thought they pos.sihly beloiiffed to the Ilrcntliidae, and there is certainly a striking-

superficial resemblance to some jcenera of that family. And there is even a short groove

behind each antenna, almost like a scrobe.
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Dbrmbstiuae.

Mr. Gondie has seen numerous larvae belonging to this

family in ants' nests, but so far has not taken the adult beetles.

Trogoderma sor/um. Lea.

Originally referred to Aiithrenus, but, as suspected by Mr.

Blackburn, really belongs to Troyodenna. Numerous larvae

were seen in several nests of a small black ant,l but only one

adult beetle was obtained.

Btrrhidae.

Microchaetes, sp.

Mr. Goudie and Mr. Davey each sent a single specimen of this

genus as from a nest of Iridomyrmer iiitidus ; but they are too

badly abraded to be identified with certainty.

SCARABAEIUAE.

A species of this family, apparently close to Maechidius, is

represented in my collection by a single specimen that was taken

in the nest of a white ant at Swan River. Mr. Blackburn

returned it as unknown to him, and as probably not a

Maechidivs. Unfortunately its antennae are badly damaged,

80 it is not now described.

Maechidius.

Specimens of this genus may frequently be found under bark

of Eucalypti close to masses of small black ants, and the ants

will often run over them. But as such ants often swarm under

such bark and run over many other species of beetles that are

certainly not ants'-nest species, probably not much importance

can be attached to this. But the appendages of the head are

certainly very curiously modified (and protected) in comparison

with other Melolonthides.

1 Ppecimeiis of ants mounted w ith the type are badly injured, but evidently belong to

the grenus Iridomi/rinex.
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Match idus tibialis, Blackb.

Numerous specimens of this species were seen on one occasion

by Mr. Froggatt in galleries of L'dptoterines lacteus.

Phyllotocus himarulatus, Er.

An occasional visitor to nests of Myrintna pyrifnrmis.

Cryptodus.

Probably all the species of this genus, at one time or an-

other, resort to the nests of ants, the very curious modification

of the cephalic appendages seeming to demonstrate the need of

some special protection. They do not appear, however, to be

interfered with by the ants.

Cryptodus raviceps, Waterh.

Of this species a pair in cop. were taken on top of a nest of

the common mound-building ant Leptomyrmex detectus. It

quite frequently comes to light in S.W. Queensland.

Cryptodus paradoxus, W. S. Macl.

This sjjecies may frequently be seen with small black ants^

under logs, and Mr. Cox has taken it in nests of Camponotus

nigriceps.

Cryptodus tasmannianus, Westw.

A specimen, apparently a small male of this species, was taken

in a nest of Camponotus nigriceps, near Sydney, by Mr. W. H.

Cox.

Cryptodus variolosus, ^^^^ite.

Common in the coastal districts of W. Australia in nests of a

small blackish ant (probably an Iridoni}jrmer) that builds nest-8

of snoiall chips and twigs than can sometimes be set on fire.

1 Probably a Colobopsis or Iridoinyniiex.
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Xovdpus bifid us, u.sp. (Figs. 50, 51, 53.)

cT. Of an unit'onn re(l(lisli-l)ic)\vn, except that the head and some

parts of the legs and of the prothoracic margins are black or

blackish. Under surface with long reddish hair, becoming

lineate in arrangement on the abdomen, pygidium and legs.

Head small, with coarse punctures ; in front witli three

projections, a median one truncate at its tip, and a smaller

one about half way between the median one and each eye. With

a strong erect horn, slightly longer than head is wide, and dis-

tinctly bifid at its apex, punctured as the rest of head at its

lower front, but the punctures decreasing in size upwards and

becoming very small at the apices. Prothorav about once and

one-third as wide as long ; with an excavation occupying about

one-half of its width, its hinder margin evenly curved, but sides

almost straight ; slightly notched behind head ; with rather

dense and shallow punctures, somewhat sparser, in excavation than

elsewhere. Scutellum with punctures only about base. Elytra

slightly narrower than widest part of prothorax ; with punctures

somewhat as on prothorax, but sparser and more irregular, and

in places in feeble geminate striae ; with snialler punctures

irregularly distributed, and becoming fairly numerous towards

sides. Abdumen with dense punctures at sides, but becoming

sparse and seriate across middle. Leys stout ; front tibiae with

three strong teeth, the front one rounded, the others somewhat

larger and triangular, spur just passing base of front tooth,

and about tlie length of claw joint ; middle tibiae with two semi-

circular ridges tipped with stout setae, in addition to the strong

apical ridge, with two stout spurs of uneven size, the shorter

as long as the first tarsal joint, the other as long as the two

first tarsal joints combined ; hind tibiae with somewhat similar

ridges and spurs. Length 25, width 14 mm.
?. Dill'ers in having a much smaller cephalic horn, divided at

the tip but with parallel sides, and the punctures coarser. The

prothorax is nowhere quite as wide as the greatest width of elytra,

the excavation is rej^resented by a veiy small frontal impression,

scarcely visible from some directions, the punctures are more

numerous and slightly larger. The elytra have rather more

distinct punctures. Ihe abdomen has rather numerous punc-
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tures in the middle, and the spur of the front tibiae is smaller

and does not quite extend to the base of the apical tooth, and

the two hind teeth are less acute. Length 23, width 13 mm.

Hab.—Queensland : Cape York, in a lai'ge nest of white ants

(H. Elgner).

Close to crassus, but cephalic horn of male stouter (except at

the base, where it is much thinner), shorter and very distinctly

bifid, instead of rather obtusely bilobed (compare figures 50 and

52) ;
prothoracic excavation with parallel sides instead of almost

circular in outline (compare figures 53 and 54), the excavation

itself with comparatively sparse and more or less rounded pimc-

tures, instead of with very dense and more or less transverse

ones. The teeth of the front tibiae are also more acute, with

deeper notches betw^een them, whilst the spurs are shorter and

thinner. The female differs from the female of crassus in having

the horn larger and bifid, scutellum with punctures on basal half

only, front tibiae with larger and more acute teeth, but the spur

on each much smaller and less conspicuous. Crassus is a fairly

common species in W. Australia, where it occurs in the rotting

cores of species of Xanthorrhoea. Adelaidae, described as close

to crassus, is stated to have the head of the female without i\

horn ; striatojiunctidatus as with the scutellum densely punctate

and prothorax not wider than elytra. The other described species

have the cephalic horn simple. Of rugnsicoUis only the female

has been described (and it is the only sex known to me), but it

also has the cephalic horn simple.

Mr. Elgner saw numerous larvae and pupae in pupal cases in

the nest, and sent one of the pupae for examination, in addition

to the. beetles themselves.

Elateridae.

TetraJobus, sp.

Mr. Elgner has sent a very fine species of this genus as from

a large nest of white ants at Cape York, but for want of the

necessary literatui-e 1 have been compelled to leave it unnamed

at present.
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Ptinidae.

Several remarkable genera belonging to this family are to be

taken in ants' nests, the species occurring sometimes in quite

considerable numbers, but usually sparingly. They are all

characterised by remarkable antennae and extremely minute

palpi, and many have a very large prothoracic fovea. They are

all apterous.

Polyplocotes loiigicollis, Westw.

Occurs with ants.

Po/i/p/arntes nitidus, Westw.

Occurs with ants

Diplocotes Iiowiftanus, Westw.

Occurs in nests of ants under Ijark.

DijjJocotes foveicollis. Oil. (Figs. 24, '55.)

Occurs in nests of ants under bark.i

Diplocotes niger, v.d. Poll.

I have not seen the original description of this species, but

Mr. Blackburn2 regards it as synonymous with Diphobia fami-

liaris, Oil.

Diplocotes ariniro/lis, n.sp. (Figs. 25, 26.)

Dark reddish castaneous, club somewhat paler. Upper sur-

face entirely glabrous ; sterna with a median stripe of very short

golden clothing.

Head transverse ; behind antennae bisinuate ; each side of

base subacutely jDroduced ; densely punctate. Antennae extend-

ing to middle coxae, first joint stout, slightly curved, and as

long as second and third combined, second slightly longer than

third and curved at the base, third to ninth very feebly decreas-

ing in size, tenth slightly longer than eighth and ninth

1 An ant sent with this species by Mr. Oavey is vcn much like Calobopsis gaxseii, but

is somewhat larger, with the abdomen different.

•2 Proc. Linn. .Soc. N.S. Wales, 1892, p. 300.
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combined, base rounded, sides almost parallel, eleventh about

half the length of tenth and somewhat narrower, its tip densely-

pubescent. Frotliorax slightly longer than wide, each side just

before middle produced into an acutely angular tubercle, just

behind middle feebly and obtusely produced, and then gently

rounded towards base ; densely strigose, most of the strigae

converging to a large deep fovea, that is nearer base than apex.

Elytra ovate, strongly convex ; with regular rows of rather

small and narrow punctures ; interstices impunctate, not sepa-

rately convex. Abdomen with first and second segments strigose

at sides, the third throughout ; elsewhere with somewhat irre-

gular punctures. Legs moderately long. Length l|-^2 mm.
Hah.—S. Australia: Adelaide, under bark with ants (H. H. D.

Griffith).

Remarkably close in general appearance to foveicollis, but

with a sharp tubercle or projection on each side of prothorax.

In foveicollis this projection is rounded or in the form of " an

obtuse angle." The present species also has the ehdira slightly

wider and quite glabrous, instead of sparsely pubescent. The

club is slightly compressed, so that from one direction it appears

but little wider than the ninth joint, but from another direction

distinctly wider.

Diplocotes decemarticulatus, n.sp. (Fig. 57.)

Dark reddish castaneous, elytra, legs and club somewhat

paler. Elytra with very sparse and extremely short pubescence,

prothorax with a few moderately long thin setae ; sterna as in

preceding species.

Head and antennae as in the preceding species, except that

the antennae are slightly shorter, and with only ten joints.

Prothorax and elytra the same, except that the latter have very

minute punctures on the interstices. Ahdonien densely and

finely strigose, except on middle of second segment, where there

are a few punctures. J-egs moderately long. Length 2 mm.
Hah.—W. Australia : Geraldton (A. M. Lea).

Except for a slight diffei-ence in colour of elytra, perhaps

not constant, it would be practically impossible to distinguish

a specimen of this from one of the preceding species, if the
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auteiinal joints were not counted ; the extremely curious pro-

thoracic sculpture being identical. The clothing on the upper

surface is scarcely perceptible, and the minute punctures on

the elytra! intei-stices are very indistinct.

Di pJocotes sfrif/irolhs, n.sp.

Reddish castaneous ; legs and club somewhat paler. With

fairly numerous, pale, short, stiff setae, becoming lineate in

arrangement on the elytra.

Head as in two preceding species. Antennae extending to

middle coxae, first joint stout and very little longer than

second, second slightly longer than third, third to eighth equal

in width and subequal in length, ninth inflated, subovate,

almost as long as three preceding joints combined, tenth
slightly narrower and about half the length of ninth, its apex

truncate and densely pubescent. Prothorax slightly longer

than wide ; each side just before middle produced into a small

acutely angular tubercle, and at basal third notched ; densely

longitudinally strigose ; transversely impressed at basal third,

and feebly depressed (but not foveate) in middle of depression.

Elytra Ijriefly ovate, strongly convex ; with regular rows of

moderately large but shallow punctures ; interstices finely

punctate, not separately convex. Abdomen densely longitudin-

ally strigose. Legs moderately long. Length 1;^ mm.
Hah.—S. Australia (type in Australian Museum).

In general appearance like a small setose specimen of the

preceding species, and also with ten-jointed antennae, but the

club comparatively much wider, and the prothorax with a shal-

low submedian impression instead of a deep fovea.

Tfie species known to me may be taijulated as follows:—
Antennae ten-jointed.

Prothorax with a very lari;e fovea - decemarticulatus, n. sp.

Prothorax without such a fovea - - - striyicollls, u. sp.

Antennae eleven jointed.

Prothorax without a vei"y larj:;^' fovea - - ho wit tan as-, Westw.

Prothorax witli such a,fovea.

Prothorax acutely armed, iind elytra, o-laln-ons nrviicoUix, n. sp.

Prothoi-ax obtusely armed, and elytra clotlied J'oveicollis Oil.
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Ectrephes.

Prof. Westwood referred to this genus two si^ecies that cer-

tainly appear to be generically different from, formicarum, its

type. In Thesaurus Entoniologicus Oxoniensis, plate 3, com-

pare^

—

Fig 1.

—

E. formicarum, Pasc, with

Fig 2.

—

E. hingii, Westw., and

Fig. 3.

—

E. jjcisvoei, Westw.

It will be seen that the two latter have the prothoras deeply

foveate, whilst the first has it without a fovea at all. The

antennae also are different.

In formicarum and hingi the antennae are three-jointed,

but the third joint is very different inter se. In pascoei the

antennae are figured as six-jointed, but in the description West-

wood says, " antennaruni clava oblongo-ovali, depressa, disco

supero et infero transverse tri-impresso." The club, according

to the figure, is composed of four joints. I believe that the

three species should in fact be regarded as belonging to three

genera.

Ectrephes formicarum^ Pasc.

{Anapestus kreusleri. King.)

Taken in ants' nests both in South and Western Australia.

Ectrephes pascoei, Westw.

Described as having been taken under bark, but probably

there associated with ants.

Ectrephes kingii, Westw.

Described originally as from Swan River. Mr. Goudie sent

nie a specimen that was " found in a small black ant's nest in

a piece of stick lying on the ground, August, 1908.'' Mr.

Davey captured a specimen at the same time, and it should

now be in the National Museum.

Enaniha tristis. Oil.

I have been unable to obtain any additional particulars to

those contained in the original description of this species ; but
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as the genus is allied to Diphobia and DiiAocotes, its only

species is practically certain to have myrniecophilous habits.

Paussuptinus laticornis, Lea.

Frecjuently taken by Messrs. Davey and Goudie in nests of

Iriihjiiiyrme.r u itidus.

Faussoptinus hrevipennis. Pic.

Recorded from Moora, W. Australia.

I'tinus exulans, Er.

Sometimes occurs in abundance in deserted beehives.

Diphobia famiharis. Oil.

Occurs under loose bark of Eucalypti in company with

Iridotnyrrnex n itidus.

Hexaplocotes sulcifrons, Lea.

The type of this species was taken from under a stone in an

ant's nest.

Tenbbrionidae.

Tribolium myrmecophilum. Lea.

Numerous specimens were taken by Messrs. Davey and

Goudie in nests of Iridotnyrmex nitidux.

Ainaryy/iiu-s teniiifoplnlus, n.sp.

Metallic blue or green, scutellu)n and under surface (the

latter in parts obscurely diluted with red) black, appendages

red, but five apical joints of antennae more or less black. Glab-

rous.

Head with dense, clearly defined punctures. Clypeus almost

twice as wide as long, basal two thirds with somewhat similar

punctures to the rest of head, apical third membranous, im-

punctate, and almost flavous. Lal)rum with clearly defined

punctures of moderate size, with a few larger ones scattered

about. Antennae passing hind coxae, third joint longest of

all. Prothorax about twice as wide as long, sides strongly

rounded : with small dense ptmctures, the interspaces finely

shagreened ; with a fine, impunctate, median line. Elytra
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elongate-cordate, rather more than twice as long as wide

;

strongly striated, the striae with punctures of moderate size

;

interstices strongly convex, and with small and fairly numerous

punctures ; epipleurae smooth, and almost impunctate. Ahdo-

nicN finely wrinkled, second and third segments each with

a row of small punctures at the base. Legs long and thin.

Length 5—6 mm.
^o6. — Queensland : Cape York, in a nest of white ants (H.

Elgner) ; N. Territory, Port Darwin (N. Davies).

The larger or the two Queensland specimens before me has the

elyti'a of a beautiful dark blue colour, from some directions appear-

ing almost purple, but the head and prothorax are more green than

l)Iue : as on the smaller specimen ; the latter has the elytra

much rhe colour of the prothorax, but from certain directions

they appear purplish-blue. Each elytron has a short, oblique

subsutural stria, extending for about thrice the length of

the scutellum. The elytral interstices are much more convex

than in any other small species known to me. The outlines,

but scarcely anything else, are much as in indigaceus.

Mr. Elgner in forwarding the specimens to me wrote :
" In

one nest about twelve feet high, when down about half, I

noticed these little beetles coming out of the passages of the

nest." They probably live with the white ants simply as a

matter of convenieuLe. All the fairly numerous specimens of

A. riinosus, that I found some years ago, were seen in tunnels

in citrus trees made by the fine longicoi'n Uracaiithus crypto-

'phdgus.

CiSTEUDAE.

lophnii mgrmecopJiilus, Champ.

Recorded by Champion as occurring in the nests of Ecta-

iomma reticulatuni under stones.

Lagriidae.

Lagria formicicola. Lea.

Occurs in nests of Mijrnieria forficata and of a smaller sting-

less species.

1

1 Unfortunately no specimen of the smaller species was kept, Imt it was about the

size of I'oli/rachis hexacantha.
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lAUjria grdtidni, Gyll.

An occasional visitor to ants' nests under stones.

AXTHICIDAE.

Anthinny ausfrafis. King.

Two specimens, sent by Mr. Davey as from a nest of

Iridomyrme r iiitidux, evidently represent a variety of this

species. Tliey differ from the normal form in having the basal

joint of antennae much darker (almost black) than the other

joints, and the under surface and legs (except that the tarsi are

piceous) entirely black. One has the postmedian fascia rather

narrower than usual, but from the other it is entirely absent.

AnfJtiru-s glaher, King.

Six specimens (two each frorii three nests) taken near Hobartl

from nests of Colobopsis [/asseri. Tlae species was originally

recorded from S. Australia without any indication as to its

habits. I have also taken it at Tamworth (N.S. Wales) in flood

debris.

CURCULIONIDAE.

Taxmcnnra //> i/rmeropjiila. Lea.

A minute blind weevil, the first noted specimen of which

was taken from under a stone, in the nest of a small red ant.

A second dried and discoloured specimen was subsequently ob-

tained under a stone.

Brexthidae.

Cordiix liiisjjes. Germ.

Occurs in tlie ne<ts of many species of ants (including

Iridnmyrmer nitidus^) and of several species of termites; and

is the only species of its family known to occur in all the Aus-

tralian States.

1 Previou)-Iy unrecorded from Tasmania.

1 Mr. Davey on one occasion tonn<l an " innupnse " number in a lar.;)' nest of this ant.

It;
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Chrts^omelidae.

Mr. Davey sent a small species of Agetinus as from a nest

of Iridomyrmex nitidus, but such a typically leaf-eating species

was almosit certainly there by accident. In sending it he wrote,

" This was surrounded by ants, and though not in the nest

projier, was roofed over by the ants."

Erotyllidae.

Tritomidea tos?naniae, n.sp. (Fig. 26.)

Black, some parts diluted with red, appendages reddish

castaneous ; shining and glabrous.

Elliptic, moderately convex. Head immersed in prothorax

up to the eyes, widely transverse ; with rather dense but small

punctures ; clypeal suture deep on sides, but feeble across

middle. Antennae short, club three jointed, its first joint

small but distinctly transverse, the others considerably large

and more transverse. Prothorax fully twice as wide as long,

sides strongly rounded, and very narrowly margined, apex semi-

circularly emarginate and much narrower than base, the latter

Avith a large scutellar lobe, but outside of this straight to the

margins
;

punctures as on head. Scutellum minute. Elytra

with outlines continuous with those of prothorax, and with

similar margins, widest at about basal fourth, thence regularly

rounded and decreasing in width to apex ; finely striate, the

striae with very feeble punctures, and the two on each side

of the suture were very feeble ; the interstices with small but

fairly distinct punctures. Epipleurae moderately wide at the

base, becoming very narrow posteriorly. Prosternum wide and

smooth, hinder apex gently incurved to middle and feebly longi-

tudinally impressed. Intercoxal process of mesosternum about

thrice as wide as long. Metasternum slightly longer than two

following segments combined, with minute but fairly distinct

punctures ; episterna veiy narrow. Abdomen with first segment

slightly longer than second and third combined, these equal in

length, and each slightly longer than fourth, fifth very slightly

longer than third. Femnra rather short, and stout; tibiae
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rather short, moderately dihited to apex; tarsi thin, apical

joint elongate. Leng-th 2 4:-5th—3 man.

^a6.—Tasmania : Hobart, four specimens from a nest of

Amblyopone auKtralis (R. A. Black), Parattah (A. M. Lea).

The front and sides of protliorax, tips of elytra (and some-

times the suture) head and under surface are more or less

noticeably diluted with red ; the tip of the abdomen is usually

no darker than the le^s, of these the tarsi are almost flavous.

The genus, to which this species belongs, is represented by

several others in Australia, and for long was an enigma to me.

An allied species, from N.S. Wales, was sent some time ago

to Mr. George Lewis for his opinion, and he returned it marked

as probably a TritoruideaA Mr. Blackburn when applied to

wrote :
" I have this specie*, and have regarded it as probably

an Erotylid. I sent a specimen some time ago to Dr. Sharp

for his opinion, but unfortunately the box and the enclosed

insect were smashed in the post." The majority of the species

live in fungi ; on my mentioning this to Mr. Black, and ques-

tioning his obtaining the specimens in the nest of an ant. he

was quite positive that they were so obtained. I do not remem-

ber how the Parattah specimen was taken.

Episraphula termitophila, n.sp. (Fig. 27.)

Black and red, shining. Glabrous, except for some very fine

and sparse pubescence on the under surface.

Head about once and one half as wide as long ; with dense

and distinct punctures, somewhat smaller in middle than

elsewhere. Antennae about as long as the width at apex of

prothorax, third joint distinctly longer than second or fourth
;

club about as long as five preceding joints combined, each of

its joints strongly transverse. Prothorax not twice as wide as

long, front angles acute, hind ones almost rectangular ; base

widely bisinuate ; with numerous minute punctures, and with

some coarse ones in irregular clusters towards sides, about base

and apex. Scutellnm with minute punctures. Elytra widest

at about basal fifth, thence regularly diminishing in width
;

1 As it seems desirable to include the present species in this paper, I have accepted his

opinion as correct : if not a Tritvnddea, it belongs, at any rate, to a yciius not vet recorded.
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with rows of very small punctures, but beLOuiing moderately

large towards the base in the fourth and fifth rows, and some-

times in the third ; interstices with spai'se and extremely small

punctures. Legs rather short and stout. Length 7—7^^ mm.
Hah.—Queensland : Cape York, three found together in a

large nest of white ants (H. EJgner), Somerset (C. French)

;

Darnley Island (Elgner).

The outlines are much as in ausfrali-^, but the markings are

very different. The upper surface of the head is black ; the

prothorax is red, with a moderately large, irregular, trans-

versely oblong, medio-basal black patch, and the margins nar-

rowly blackish ; the scutellum is black ; the elytra are black,

but each with two large red patches, one subbasal and not

quite touching the side and narrowed towards, but not touch-

ing, the suture ; the other postmedian, and more fa-sciate in

appearance, but not quite touching the side or suture. The

under surface and legs are reddish, the former feebly stained in

the vicinity of the legs. The antennae are of a rather dark

red. with the club somewhat darker.

That' such a typically fungus beetle as an Episcaphula

should be found in a white ants' nest is surprising ; but Mr.

Elgner also sent larvae of another species as fi'om a white ants'

nest, and another species of the family is here recorded as from

a true ants' nest.

Var. siihapiralis, n.var.

Two specimens (from Somerset and Darnley Island) differ

from the typical ones only by having an additional subapical

spot on each elytron.

The elytra! markings of this variety, although not quite the

&ame, are somewhat as in nigrnfasciata, but that species is

considerably less convex, the seriate punctures on the elytra

larger and more regular, the interstices with quite distinct, al-

though small, pvmctures, and the width at the junction of the

prothorax and elytra considerably less.

CORTLOPHIDAE.

.V single very minute specimen, apparently belonging to the

genus Orthoperua, was taken from a nest of Colobopsis gasseri

at Launceston.
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EXPLANATION OK PLATKS XXV.-XXVIl.

Plate XXV.

Fig. 1.— Adelotopus celeripes, Lea.

2.—Dabra nitida, Lea.

3.—Dabrosoma pubescens,' Lea.

i.— Termopliila puiictiventiis, Lea.

5.—Eleusis nigriveiitris, Lea.

6.—Glyptoma kingi, Lea.

7.—Plectostenus gracilicoiiiis, Lea.

8.—Articerus cyliudricornis, Lea.

9.—Clavigeropsis australiae, Lea.

10.— iScydmaenus microps, Lea.

IL — Phagonophana macrosticta, Lea.

12.—Myrmicholeva ligulata, Lea.

13.

14.
Tretothorax cleistostoma, Lea.

Platk XXVL
Fig. 15.—-Chlamydopsis formicicola, King.

16.-

17.—

18.—

19.-

20.—

21.—

reticulata, Lea.

excavata, Lea.

longipes, Lea.

glabra, Lea.

carbo, Lea.

variolosa. Lea.

22.—Nepharis serraticollis, Lea.

23.—Ditoma villosa. Lea.

24.—Diplocotes foveicoUis, Oil.

25.— ,, ai'micollis, Lea.

Plate XXVII.

Fig. 26.—Tritoniidea tasmaaiae, Lea.

27.—Episcaphula teruiitophila, Lea.

28.— Prothorax of Polylobus coxi, Lea.

29.

—

,, ,, ,, ectatornmae. Lea.

30.— Hind leg of Articerus aurifluus, Sclifs.

juj 1
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31.—Middle ,, ,,
dentipes, Lea.

32.
I
Antenna of Articerus ruffrayi, Lea; from above and

33. i the side.

34. I
Antenna of Articerua dentipes, Lea ; from above and

35. 1 the side.

36. 1 Antenna of Articerus irregularis, Lea ; from above

37. I and the side.
'

38.
1^
Antenna of Articerus constricticornis, Lea ; from

S9. I above and the side.

40.—Antenna of Articerus constrictiventi'is, Lea.

41.— ,, ,, ,, femoralis, Lea.

42.

—

,, ,, ,, cylindricornis, Lea.

43.—Prothorax of Myrmicholeva lata, Lea.

44.— ,, ,, ,, ,, acutifrons, Lea.

45.

—

,, ,, ,, ,,
punctata, Lea.

46.—Face of Chlamydopsis glaber, Lea.

47.

—

„ „ „ carbo, Lea.

48.— Side view of prothorax of (\ carbo.

49.—Wing of Tretothorax cleistostomn, Len.

50 "1
.

fr-, \ Cephalic horns of Novapus bifidus, Lea.

52.

—

., ,, ,, ,, crassus, Sharp.

53.—Prothoracic excavation of Novapus bitidus, Lea. c?

54.

—

,, ,, ,, ,, ,, crassus, Lea. c?

55.—Antenna of Diplocotes foveicollis, Oil.

56.

—

,, ,, ,,
armicollis, Lea.

57. — ,, ,, ,, decemarticulatus, Lea.
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Notffi on Blood Pdvosiffs.

BY

J. A. GILRUTH, l).V.8c., M.R.C.V.S., F.R.S.E.,

GEORGINA 8WEET, D.Sc.

AND

S. DODD, IXV.Sf., F.R.C.V.S.

(With Phites XXVIII.-XXX.)

[Eead 14th July, 1910.]

During the past few weeks several interesting Haematozoa

have come under our notice, three of which are herein recorded.

The specimens of host animals in which these parasites were

found were sent to the Veterinary Research Institute, for post

mortem examination, from the Zoological Gardens of Melbourne.

1.—Proteosoma biziurae, n. sp.

(Plate XXVJIL, Figs. 1-15).

Host animal, Biziura lohata (Musk Duck).

So far as we are aware, the only records of Plasmodidae

from Australian birds are Plasmodium praecox (?) from spar-

row (Johnston, 1909, p. 581), afterwards described as Plas-

modium passeris, Jnstn., by Cleland and Johnston (1909, p.

505).

As regards the generic name adopted for this parasite, we

have decided, following Doflein (p. 657) to retain the original

generic name Proteosoma (Labbe, 1894, p. 157) for those

melanin-producing plasmodia of Birds having more or less irre-

gular, round or pear-shaped gametocytes, which when mature

distort the erythrocj-te and displace the nucleus. On these

grounds, Plasmodium passeris, Jnstn., should be rather Proteo-

soma passeris. The application of a new specific name to this

parasite appears to us to be justified by its apparent dissimi-
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larity from other species of this genus, apart from the point that

it seeniiS to be the only phismodial form recorded from the

order Anseriformes of Birds.

These parasites were found in two specimens of Musk Duck

obtained at different times. Very few cells were affected, so

that often none could be seen in many consecutive " fields."

The size of the normal erythrocyte is 1.3.5 to 14.2 fx long by 7.8

to 8.5 IX. wide. The parasite varies in size from 8.5 to 10 /x

long by 4.8 to 9.7 /x wide in apparently fully-developed forms,

thus causing an increase in size and a distortion of the infected

erythrocytes, which may reach 15.6 /x long and 9.7 to 10.6 /x

wide in size, and become irregular, pyriform, polyhedral, or

spherical in shape.

Both young forms (cf. Figs. 7, 8 and 12) and mature gameto-

cytes were foimd (cf. Figs. 3, 9, 13, 14 and 15). In the young

parasites which are elongated, e.g.. Fig. 7, no nucleus could

be seen, but numerous fine granules of pigment are present.

Later, as in Fig 8, large melanin-pigment granules appear, this

figure also illustrating their occasional triangular form. In

the one shown in Fig. 12, a small well-defined vesicular nucleus

can be seen. The later stages show a gradual approach to the

spherical form found in the mature parasite, e.g.. Figs. 3, 9, 13,

14, 15. With the increasing size and more spherical form of

the parasite, the nucleus of the host-cell becomes displaced

from the centre and pushed more or less to one end or side.

In tiie former case, the direction of the long axis of the nucleus

is changed, and it comes to lie obliquely across the length of

the erythrocyte much in the same way as happens in the host-

cells of Proteosoma praecor. No bean-shaped or gregarinoid

forms similar to those in F. praccor could be found, unless the

form shown in Fig. '6 uuiy be so regarded. The spherical shape

of the gametocytes reminds one of those of P . passeris. but the

parasites of the Musk Duck are larger than those of the spar-

row, being really intermediate in size between P. vaughani

and P. passeris 5 to 6.5 /x), and P. majoris (11 to 12 /x).

Both nude and fenuile gametocytes are present, but no

sporulation stages could l)e found. The male gametocytes are

represented by Figs. 14 and 15, in which the body of the
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parasite, whirli is oval, is more hyaline, the nucleus very

diffuse, and the melanin pigment granules disposed at either

pole.

The fully-developed female gametocytes (Figs. 3, 9 and 1-'^) show

a spherical outline, a more granular body, a more or less general

distribution of the large melanin granules and a more definite

clear nucleus, except in Fig. 3, in which no nucleus could be

detected at all. No erythrocytes could be found in which the

parasite had occasioned the loss of the host nucleus ; nor were

any free forms to be found except that in Fig. 10, in which the

body was hyaline with a faintly staining diffuse nucleus near

the broader end, and the partly free much more coarsely

granular form in Fig. 5. Five typical forms may be described

as follows :
—

1. Ihe nucleus of the red blood corpuscle is pushed close to

the edge, there being little cytoplasm in the host-cell, the

greater portion of which is occupied by the parasite. The

latter has a very slightly eccentric homogeneous nucleus stain-

ing pink (with Giemsas stain), the finely granular protoplasm

staining a deep blue. The body contains irregular but evenly

distributed fine pigment granules. No limiting membrane was

present (cf. Fig. 9).

2. The nucleus of the host-cell which contains a large amount

of protoplasm is pushed to one side. The parasite has a large

pink-stained nucleus almost filling the body with faint blue

protoplasm at either side, containing fine granules (cf. Fig. 15).

3. Host-cell is not always enlarged, but the nucleus is pushed

to one side ; the parasite is very faint and pinkish ..through-

out. Large granules are distributed, more or less generally. No

distinct nucleus is to be seen. Definite limiting membrane is

present (cf. Fig. 4).

In such as shown in Fig. 6, two vesicular nuclei are seen

within a very granular protoplasmic body.

4. The host-cell is enlarged and somewhat i)yriform. The

nucleus is slightly displaced by the oval parasite, which has a

diffuse pinkish sometimes eccentric nucleus, in a bluish body,

more deeply stained at one extremity. The pigment granules

are irregular, but more or less polar in distribution (cf. Fig.

H).
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5. The host-cell is more markedly pyriform, and the nucleus

much displaced. The parasite has a spherical pinkish finely

granular body with no defined nucleus and coarse granules

scattered throughout (cf. Fig. 3. Fig. 13 is similar, but shows

a slightly defined, small, eccentric nucleus in the parasite, which

occupies a more oval host^cell).

2.— Haemogregarina megalocystis, n. sp.

(Plate XXIX., Figs. 1-12).

Host animal Python spdotes, var. variegata.

As will be seen this reptilian parasite is to be regarded as

belonging to the genus Haetnogreyarina (s.s.) (cf. Doflein p.

681-2) rather than Karyolysus since the atrophied nucleus

associated with the presence of the latter is absent here, al-

though a degeneration of the stroma of the host erythrocyte is

present somewhat comparable to that found in the case of

Karyolysus lacertarum.

The blood smears taken from this host showed very many of

the red blood corpuscles to be affected with haemogregarines,

two or three in one " field " not being uncommonly seen, while

in one chance " field " 1.1 mm. in diameter, 10 such infected

erythrocytes were counted to about 600 normal corpuscles.

The infected host-cells are always enlarged, being generally

two to three times the normal size, though so far as we could

find not more than one parasite is present in each. The

cytoplasm of the host-cell is extremely tenuous, and in the

larger forms is completely dehaemoglobinised, so much so that

when overlapping another corpuscle little or no obscuration

can be detected. In the less enlarged host-cells, the dehaemo

globinisation is proportionately less noticeable, the staining

in the former case showing veiy faintly pui-ple, against the dis-

tinct red of the normal erythrocyte. The nucleus of the host-cell

is distinct often displaced towards one extremity, or to one side,

and rarely lying on the convex borders of the parasite. The

influence of the parasite on the host-nucleus is seen not in

atrophy, but in its longer, and rarely narrower, sometimes

wider outline, while it stains much more deeply and more
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houiogeneonsh- than do the uuatfected nuclei. The size of the

normal erythrocyte varies from 15.2 fi long by 3.7 /x vvide

to I'arely i\.'\ n lon^x l)y 4 /x wide. That of the infected cells

varies from '2'2
fi long by 14.2 /i wide up to 60 /i long by

28 /A wide, 35 to 55 /i being the more freque,nt le'ngths by

about 20 fx in width. Ttie parasite itself lies in the central

region of the host-cell alongside the host-nucleus. It is

gregarinoid in form. In size it nearly always exceeds that of

the host nucleus, and often that of the majority of the normal

erythrocytes. Tlius it varies from 13 //, long by 4 /a wide up

to 18.6 IX long by 5.6 //, wide, 14 to 16 /., in length by 5 /i

in width being the more frequent. All forms seen were spo-

ronts, no forms -showing the division stages of the sexual cycle

being found. Tlie body is fairly homogeneous, somewhat granu-

lar and blue (with Gieuisa smears) often fainter at one ex-

tremity than elsewhere. The nucleus is generally spherical,

pinkish with deeper stained almost reddish granules, some-

times distributed chiefly in a radial manner at the periphery,

biu often fairly regularly throughout the nucleus. It may be

central, but at times lies towards one extremity. The capsule

of the parasite is rarely seen (cf. Figs. 3, 4 and 10), but often

the whole parasite, whether capsule is jiresent or not, is seen

surrounded by a faint zone, limited by a definite thin line,

which appears to enclose the nucleus of the host-cell as well

as the [liirasite. Doubtless this area represents an area of

degenerated stroma similar to that shown in the case of

Karyolysus lacet tarum, though in this case no granulation is

observable. The curious appearance of the host nucleus shown

in Fig. 7, a blue-stained, kidney-shaped mass surrounding a

pink homogeneous centre, together with the degeneration of

the stroma, in other forms is certainly suggestive of an affinity

with Karyolysus. The hooked tail of the homogregarinoid

form is well seen in Fig. 11, in which also the host-cell nucleus

is markedly enlarged and altered in shape. In rare cases en-

larged cells were found, such as shown in Figs. 9a and 9b, in

which no parasite was visible. It is inqjrobable that these are

cells which have been vacated by a parasite, since they are

riOt fully enlarged, and are normal except in size and in the

enlarged nucleus. Fig 8 shows a curious appearance found in
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a leucocyte, in which a deeply-stained, rosette-like mass of

chromatin (?) was present close beside the normal leucocyte

nucleus. The condition of the host-cells here is somewhat com-

parable to that found by Sambon (1907 p. 284) in Coluber

corals var. couperi, though he does not mention any such

degeneration of the host stroma ; and further the bean-shaped

forms of H. rarefociens, Sambon, are considerably smaller than

many of those met with here. Moreover the parasite in H.

megalocystis (n.sp.), so far as we could find, does not show any

of tlie long narrow forms found in H. rarefaciens, and unless

Fig. 8 represents some stage of the former, we could find no

parasites in the leucocj^tes of this specimen of Python spdotes

var. vdvityata. In view of these differences "from Sambon's

form, and of the different families of the hosts, we feel justified

in the meantime in regarding this as a new species.

Ihe blood of this specimen shows large numbers of short

bacilli, with distinct capsule, often in long chains, and some-

times sporulating ; they were isolated, and grow readily in

ordinary media.

3. Microfilaria gymnorhinae, n. sp.

(Plate XXX., Fi-s. 1-3).

Host animal— Gyvinorhirut tibicen.

Up to the present no blood-filariae appear to have been

found in the birds of Southern Australia, though adults of

Fdaria tricuspis, Fedtsch, have been recorded from 3 Ijirds

belonging to the Bismarck Archipelago to the Xorth of Australia

(Von Linstow, 1897, p. 283), of Filaria flabeUata, Yon Linst.,

and Fdaria paradisea, Von Linst., from Paradisfd apoda

from the Aru Is., also lying to the North of Australia (Von

Linstow, 1888, pp. 9-11); Fdaria spp. from the "blood, peri-

toneal cavity, muscles of thigh and pericardium of 15 birds,"

including the magpie, Gy/iuiorJiina tibicen (Bancroft. 1889, p.

58) : Fdaria sp. from Centropus ateralbus, Less., and Fih'.ria

sp. from Xinox odioaa, Scl., from the Bismarck Archipelago

(Von Linstow, 1897, p. 284).

In the present case, we have found filariae in the blood of

8 magpies ((Jyui norhina tibicen) which died at the Melbourne
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Zooloir cal Gardens, an interval of 6 days passint; between the

first and second lots, and over a week between these and tlie

last lot. Tliey were comparatively numerous in all 8 birds,

especially so in one. and were present chiefly in smears from

the heart-blood, kidney and liver. Tliey were found living and

motile up to more than 45 hours after reaching us, in a liver

which had been kept after reception in physiological saline.

This is in marked contrast to the statement by Bancroft th;it

" inmiediately after the bird is shot is the proper time to

examine the blood . . if the bird is left for 6 or more

hours it is difficult to find them, and after 30 hours impossible.

The worms soon die and are then quickly dissolved.'' It is

more in harmony with what Yon Linstow (1891, p. 302) found

in the case of the Filaria of the crow, viz., that the larvae lived

for 48 hours after the death of the bird. None of our speci-

mens were seen by us till some hours after their death.

Bancroft (1889, p. 59) assumes that the intermediate host of

the filaria which he found in these fifteen species of birds, in-

cluding several crows, would be the lice of the bird, since on

the Blue Mountain parrot he had noted the occurrence of a

blood-sucking louse. Tfiis is somewhat at variance witli the

opinion expressed by Yon Linstow, that the crow becomes

infected directly by eating the infested entrails of dead birds

(Yon Linstow, 1891, p. 303). No other j^arasites, either

external or internal, could be found on these birds, several of

which Avere most carefully examined for this purpose. The

absence of adult filariae from all these specimens is, perhaps,

not to be wondered at since Dr. Bancroft, after an evidently

very careful search, found them in not more than 6 individuals

out of 112 birds, and 3 out of " a large number."

As to the general condition of the birds, 2 were in fairly good

condition, though the others were extremely thin, otherwise

appearing healthy.

No indications were present as to the catise of death of the

birds, other than the presence of these filarial larvae, though in

the light of their presence in so many birds apparently shot, as

shown by Dr. Bancroft, their jjathological effect cannot be

regarded as certain. As will be seen on reference to the figures,

3 types of larvae are present. Whether they represent different
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stages of the same species of parasite, as one misrht assume, is

at least questionable since the larger forms are markedly less

differentiated in character than the smaller forms. That they

are not due to differences in method of fixing or staining is

evident from the frequency with which the two dissimilar forms

are met on the same slide, and even almost alongside each

other. Further, many of the smears were made from blood or

organs containing living larvae. These different forms were

met with in all the smears. No. 2 being much the least frequent.

No. 1.—Elongated and cylindrical, with a bluntly rounded

head end, and a bluntly tapered tail. Generally 98 fx long by

4. 5 /x, wide, i.e., rather less than a red blood corpuscle in

diameter. The head is hyaline for 5.6 /x long, showing only 2

nuclei on one surface, deeply staining blue with Giemsa, and

behind this a row of large, clearer, more homogeneous nuclei

faintly stained pink. The bulk of the body is ocupied by a

series of deeply staining (blue) nuclei which appear to form

the periphery of the cellular body, and to enclose a longi-

tudinal series of pink-stained nuclei similar to those described

above, though rather smaller, presumably the future alimentary

canal. At the point marked 2 in Fig. 1. these or rather

larger similar nuclei form a group of cells. The embryonic

sheath was not visible, but the clear colourless ext-ernal body-

wall can be seen sometimes to show minute transverse striations

such as those described by Manson in Filaria hancrofti. var.

nocturna (Manson, p. 550).

Tlie clear spot, Manson's '" V-spot," found near the head end

in some other filarial larvae, does not appear to be present as

such here. At the points marked (4) and (5) two small irregular

' breaks " in the line of nuclei can be seen. At the point

marked (1), l-7th of the length of the body from the tail end,

tlie well-marked "' tail-spot " is visible, while at (3) a sharply

defined diamond-shaped clear area is visible which does not

seem to be represented in exactly the same place in other filarial

larvae. It is 5 /x long.

No. 2.—This is the least frequent of the 3 types, and shows

a much sharper and less hyaline head. The body generally is a

very faint blue with less deeply stained, more pinkish nuclei

than in No. 2. Rarely the " pink nuclei " (which are much less
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distinct here) in the centre of the body, are seen to be arranged

in an irreguhir double line, especially in the head region. The

gaps corresponding to 1, 3 and 4 in No. 1 are present, but in

somewhat different positions in the length of the body. In the

place of the special group of nuclei marked 2 in Fig. 1, there is

occasionally a clear round pink spot surrounded by a deep blue

zone. This form of larva is generally 108 /x long by 5.6 /x wide.

No. 3.—The third type of larva, as shown in Fig. 3, is very

much less differentiated than either of the others, and though

nuich more frequent than No. 2, is less so than No. 1. The

head is sometimes hyaline, sometimes not, the tail is much more

pointed than in either of the other types. Only one clear spot

is visible, presumably the tail spot (No. 3). No difference in

character or arrangement can be detected in any of the nuclei,

the whole of which stain much more deeply than those of Nos. 1

and 2, giving this form a distinctly darker blue colour as com-

pared with the other larvae.

In length these vary from 112 /a to 126
fj

long (very rarely to

136 fx), and ai*e 4.5 fx wide, i.e., narrower than type No. 2. The

tail spot is generally about 3-8th of the body length from the

tip of the tail.

In none of these larvae could the sheath be definitely deter-

mined.

As will be seen (Von Linstow, 1891, p. 301-2), these larvae

are all distinctly smaller than those observed by Von Linstow

in Fihiria triruspis, and by Borell in the crow, but are not

unlike in size those described by Ecker and Herbst in several

species of crow, as larvae of FiJaria attenuata. It is not

unlikely that the present form may prove to be one or other

of these species, but in the meantime the name of Microfilaria

gijni norliinae. is used for facility of record.

EXPLANATION OF PLATES XXVIII.-XXX.

All figures drawn under obj. 1/12 oil-immersion, oc. 4, with

camera lucicla.
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Plate XXVTIT.— Proteosoma hiziurae, n. sp.

Figs. 1 and 2—Normal erythrocytes.

3, 9 and 13 (and ? 4, 6, 11)—Female gametocytes.

7 and 12—Young plasmodia.

14 and 15—Male erythrocytes.

5— Parasite leaving erythrocyte (?)

10—Escaped parasite, with diffuse nucleus.

Plate XXIX.— ITaemogregahina megalocystis, n. sp.

Figs, la to Id—Normal erythi-ocytes.

2, 5, 6—Infected erythrocytes, showing degeneration of

stroma but no capsule.

3, 4, 10—Infected erythrocytes, showing degeneration of

stroma (ill-defined in No. 4) and capsule of

parasite.

7, 11—Infected erythrocytes, without any degeneration

area. Parasite not encapsuled.

11—Shows abnormally hypertrophied nucleus, but normal

stroma.

8.—Leucocyte, showing chromatin rosette.

9a, 9b —Hypertrophied erythrocytes, containing no para-

site.

12.—Erythrocyte, normal except in shape and more faintly

staininef nucleus.

Plate XXX.

—

Microfilaria gymnorhinae, n. sp.

Figs. 1 to 3—Showing 3 types of larvae.
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Some New and IJyi recorded Endoparasites

fro III AustraUaii Clilckeiis.

By GEORGINA SWEET, D.Sc. (Melbourne).

(With Plates XXXf.-XXXV.)

[Read Utli July, 1910.]

Some time ago Professor Gilruth, as Director of the Veterinary

Eesearch Institute of the Melbourne University, handed me a

small phial containing " tapeworms from fowls." with a request

for their identification and report. Since then I have collected

endoparasites from a number of chickens from Victoria. The

following contains the results of these observations, together

with the record of two forms sent from Queensland fowls by

Dr. Sydney Do-dd, Chief Veterinarian and Bacteriologist,

Brisbane, and of one from Dr. H. Cumpston, Chief Health

Officer, Perth, West Austraba.

CESTODA.

Clwanotaenia infundibulum (Bloch, 1779), Cohn, 1899.

This cestode appears fairly common in the suburbs of Mel-

bourne, and has not been previously definitely recorded from

any part of Australia.

My specimens of this species show in over 60 per cent, of

cases a somewhat smaller diameter of the head, viz., .33 mm.,

and sometimes even less (.31 mm.) instead of the normal .4: mm.
The head seems always conical. The suckers are generally .17

to .22 mm. long, and .068 mm. in transverse diameter; the

rostellum has a rather greater width than usual, viz., .08 to

.1 mm., while the hooks it carries vary in number from 11 to 22,

have the characteristic shape, and are .024 to .03 mm. long.

Davainea cesticillus (Molin, 1858), Blanchard, 1891.

This cestode of fowls has been previously recorded for

Australia, onlv from New South Wales, bv Mr. T. H. Johnston
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(1909, p. 590). My specimens are all from the sulnirlis of

Melbourne.

Davainta tetragona (Molin, 1858). Blanchard, 1891.

This cestode also has only been previously recorded for Aus-

tralia by Mr. Johnston (loc. cit.) from New South Wales. My
specimens were sent by Dr. Dodd from Rockhampton, Queens-

land. I have not, so far, been able to obtain any specimens from

Victorian chickens.

Davainra rariaiis (sp.n.) (Pis. XXXI.-XXXITl.. Figs. 1-13).

This new species I have so far only found amongst those

handed to me by Professor Gilruth, from one of the outer eastern

suburbs of Melljourne. At first glance it will almost certainly

be identified with Davaiiiea ijroylottina, and it is only on close

examination of the head with its rostellum and suckers—the

characters of which are oft-en extremely diificult to see—and

also of sections of the body, that one is convinced that this

cannot be that species. In difterent respects it suggests a com-

bination of some features of D. proyJottina with others of D.

echinohuthrtJa.

The specific name has been given in reference to the great

variability in the conformation of the strobila, some of the

variations in which are given herewitli (Figs. "3 to 7). as drawn

with the camera lucida.

Description.—Strobila .7 to 1.8 mm. long by .33 to .68 mm.

bioad. Head club-shaped to globular or spherical, .07 mm. to

.155 or even .217 mm. long by .1 to .19 mm. broad. Tfie neck,

which is often hardly present at alj, may be up to .092 mm.

long, and from .059 to .11 mm. wide (only rarely the former).

The retractile rostellum is broad and much depressed ; its

antero-posterior diameter varies from .009 and .016 (completely

everted) to .026 mm., and its lateral diameter .044 (and once

.033) mm. to .075 mm. Tlie middle region of the fully everted

rostellum carries a row of hooks .0075 to .009 mm. long. These

hooks, 44 to 50 in number, though not varying much in length,

are arranged in an alternating manner (as shown in Fig. 1). The

shaft or prong is bar-like, nearly straight, in the middle two-

thirds, but when seen in face view cuneate or broadly wedge-

17a
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shaped at the tip, and in side view bent dorsally. The dorsal

root is short, the ventral long, curved and pointed (contrast the

rostellar hooks of D. proglottiua). The suckers are circular,

.033 to .046 mm. in diam. (rarely the latter), and are armed

with 4 or 5 (or rarely 6) rows of thorn-like hooks, .005 in

length, with a more or less clearly bilobed base, formed by the

two roots, which are almost equal in length. These hooks

become very easily detached from the suckers (as shown in Fig.

1). The strobila has in addition to the head from 4 to 6 seg-

ments, the shape of which varies greatly. The first may be

only .045 mm. long, and the last may be .29 mm. (in a strobila

of .7 mm. length) to .79 mm. (in a strobila of 1.32 mm. length).

The shape of each individual segment being much wider tluin

long (e.g., in the proportion of 4 or 6 to 1), may be such that

the whole strobila is like a low cone with a rounded base ; or, all

the segments except the youngest, from being equal in length and

breadth, may become at the posterior end \h to 2^ times as

long as they are wide. The head becomes very easily detached

from the first segment, and that from the second segment.

Genital pores are alternate, and situated at or near the anterior

angle, sometimes on a low papilla. The stage of development

reached by the female genitalia in relation to that of the male

in the individual segments varies in different individual strobilae.

Thus in some cases a condit'on somewhat similar to that found

in D. proglottiua is to be seen, i.e., the last segment contains

only the eggs with the oncospheres. The next younger segment

cf)ntains well-developed female organs, often with fully-formed

eggs, and the more or less atrophied male organs, while in the

next younger segment still, the female reproductive organs are

somewhat more developed than in the corresponding segment in

D. proglottiua. Two variations from this condition are found.

In the one the male organs appear to be functional as far back

as the fifth or last segment (e.g., Fig. 8), the female organs being

much less developed than in corresponding segments of other

strobilae. In the other variation hardly any sign even of

atrophied male organs can be seen in any of the segments, the

eggs being well developed as far forward as the third segment.

Evidently there is a considerable difference in the degree of

protrandry shown in different individual strobilae.
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The cirrus pouch is more globular than in D. /jrof/Iofttna. and

the contained cirrus, which is armed with spines, may be ex-

truded to a length of .148 mm. from the body. The eggs are

more or less isolated, the parent parenchyma being arranged so

as to form thin fibrous capsules with a membrane enclosing the

eggs singly or in groups of two to (rarely) thirteen ; the ova

are .018 to .020 mm. in diameter. Egg-capsules containing two

ova may be .0325 to .050 mm. in extreme length. Hooks of the

oncosphere .006 to .008 mm. long.

The histological details of these specimens were extremely

hard to make out, owing in great measure to the number of large

yellowish concretions up to .012 mm. by .0078 mm. in size. The

cuticle is .004 to .006 mm. in thickness.

The life-history is unknown.

The variations met with in the general shape of the strobila,

and in the relative stage of development reached by the two sets

of reproductive organs, in the individual segments, suggest the

possibility of there being two species represented in thi|s

material, but I have been unable to detect any differences of

specific value, and hence can only regard this as a very variable

form, probably undergoing evolutionary development from the

Northern Hemisphere form, D. proglottina, into one or two

more new species.

With regard to the condition of the hosts, I have received the

following note from Professor Gilruth :—^" The parasites were

found in two chickens, each a few months old, which were

received at the laboratory for examination, from the suburbs of

Melbourne. One was a pure Orpington, the other a Plymouth

Rock. Both fowls were suffering from diarrhoea, and were

emaciated. On post mortem examination the posterior half of

the duodenal loop was found to be affected with muco-enteritis,

the contents being of a whitish mucoid nature. Amongst this

material were a large number of minute parasites, apparently a

small species of " Taenia,'' also two or three larger cestodes.

The intestines of both chickens were congested, but in one they

were empty, while in those of the other, the " Plymouth Rock."

there was a large quantity of the mucoid material present,

similar to that noted in the duodenum "
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The larger tapeworm here associated with D. varians was

D. cesticillus.

NEMATODA.

Hetercd-is perspirillum (Rudolphi, 1803), Schneider, 1866.

This was found in the small intestine of 25 per cent, of the

fowls examined from Victoria, and then not above 20 to 50 in

number. It is also represented in my collection by a few

specimens sent by Dr. H. Cumpston, from West Australia.

It is already known from New South Wales (Cobb, 1896, p.

747; and 1898, p. 316), and Johnston (1909, p. 412), and "in

ovo " (Cobb, 1905, p. 561). Probably also the Ascaris sp., re-

ported from New South Wales by Perrie (1892, p. 821), was

this species.

Heterakis papUlnsa (Bloch. 1782). Railliet, 1885.

This nematode appears to be common, as is usual in other

countries, in the fowls around Melbourne—practically every fowl

examined having at least a few of these worms in either small

intestine, rectal caeca, or rectum, while in some cases they were

very numerous.

This has previously been recorded for Australia by Cobb

(1896, p. 748), and Johnston (1909, p. 412), from New South

Wales only, though it is probable also that the Oxynris sp.

recorded from New South Wales by Perrie (1892, p. 822) was

this species.

ah; Heteralyis inaculosa (Rudolphi, 1802), Scliueider, 1886.

Among the specimens of 77. papulosa taken from the rectum

and caeca of a fowl are 3 imperfect male specimens of some form

of Heterakis, which does not exactly fit into any of the known

species of that genus.

The body, which is 12-13 mm. long, is thick and very trans-

parent, sharply tapering anteriorly and only slightly posteriorly.

The mouth is surrounded by three very well-marked lips, the

superior being slightly the largest, and each lip has a papilla

in the centre of its base. No lateral wings are visible on either
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head, sides or tail. The tail is truncated obliquely, and has ii

nmcronate tip. It carries, so far as these specimens show, onlv

3 pairs of post-anal pa])illae. There are two spicules, short,

and not quite equal. The preanal sucker has a strongly de-

veloped cliitinous ring.

In some points it appears most closely allied to Heterakis

maculosa of the pigeon and pheasant, but it is smaller, appa^

rently has fewer anal papillae, and has no lateral wings at the

anterior end.

The imperfectness of the present material, which I have not

been able so far to augment, precludes me from giving a fuller

account of this form. H. maculosa itself has not, so far as I am
aware, been recorded from the fowl.

Tricliosoitia retusuni, Raill., 1893.

This form was only found in one case, fairly numerous, in the

small intestine of an apparently perfect bird.

The specimens are normal except that the female may reach

a length of 30 mm. (as against 19 nnii.), and the eggs are 45 to

65 fji long by 18 to 24 //. wide (as against 50-55
fj.

long by 30 to

32 fx wide).

This genus has not, so far, been recorded from the fowl in

Australia. My specimens are from the neighbourhood of Mel-

bourne.

Oryspirura parvnvinn (sp.n.). (Pis. XXXTH.-XXXV.,
Figs. 14-21).

The 16 specimens on which this description is based were sent

to me from Rockhampton, Queensland, by Dr. S. Dodd. to whom
I am also indebted for the accompanying note on their manner

of occurrence and effect on the host.

Description. The body tapers gradually to each end, the

anterior end being bluntly rounded, the tail tapering more

sharply. Tiie outer la3'er of the cuticle has very fine transverse

striations, and occasionally faint longitudinal ones also, which

are finer than those due to the polymyarian structure of the

muscle-layer.

Sometimes, as in four out of seven specimens, the male has

swollen cuticular '' wings " anteriorly on either side of the head
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{see Figs. 16 and IT). Tlier commence at various distances,

.034:, .06 and .18 mm. from the anterior end, and extend back-

wards for .09 to .129 mm., attaining a maximum Avidth of

.03 mm. They seem to be always uneven, both in their anterior

"boundary and in length on the two sides. These are presumably

comparable with the " voluminous lateral cuticular membranes '

given by Ransom as characteristic of 0. auaranthura (1904,

p. 21) and the '' bladder-like expansion " of 0. hrerisuhulata

^Ransom, 1904, p. 23).

In the form now being described, although these structures are

not constant in their full development, other male specimens in

addition to those mentioned above sliow a tendency towards

the lateral expansion of the cuticle at points varying in position

on the head region. When these cephalic wings are largest the

body is ah\ ays constricted in the region over which the '' wings "

are present (cf. Fig. 16).

The mouth is somewhat oval, and is surrounded by 6 small

oral papillae, 4 submedian and 2 lateral, and further i:)ack there

are also 4 sublateral papillae (Figs. 17 and 18). The 6 oral

papillae are extremely difficult to see from any aspect, and in

onlv one of these 16 specimens have I been able to view them

all in the one individual, and then only under the most favour-

able conditions, so that one is inclined to doubt the constant

presence of the full number. The 4 sublateral papillae are com-

paratively large and clear. No regular chitinous ring with

c-lefts, as in 0. mansoni, is present, although the large anterior

opening of the pharynx is sometimes partially closed over by a

thin indefinite and irregular cuticular membrane.

The nerve-ring is sitiuited 220 to 300 /t from the anterior

end of the body (see Fig. 15 n.r.). The excretory pore is situ-

ated at 360 to 460 //. from the anterior end (see Fig. 15 e.p.),

and near the same transverse plane the small inconspicuous

cervical papillae may sometimes be seen. No caudal papillae

are present in either sex.

The pharynx (Fig. 17) has a total length of 34 to 50 //., gene-

rally, however, about 45 (j.. The anterior portion, which, like

that of 0. mansoni, is shorter and wider and more rounded, is

17 to 30 /x long by 27 to 36 /x wide, the hinder more cylindrical
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part being 17 to '11 ft long by 17 to 27 fx wide (except for its

posterior end, where it overlaps the oesophagus and reaches a

width of 31: fi). Though it is not apparent from the range of

sizes just given for the pharynx, the hinder part is slightly

longer than the front part in 12 out of the 16 speciiuens. The

well-developed cuticular lining of the pharynx is produced at the

junction of its anterior and posterior portions so as to project

irregularly forwards (cf. 0. mansuiii. Ransom, 1904, p. 15).

Sometimes in O. par varum (cf. Fig. 18) there is also an inward

and anteriorly directed projection from the wall of the anterior

portion of the pharynx, which does not appear to be represented

in 0. mcmsoiii. The oesophagus has the club-shape comparable

to 0. mansoni, but is sliorter than in that species, never reaching

over 1.3 mm. in length, and usually being only about 1.13 mm.
long.

Male.—9.2 to 14.5 mm. long, by .2'6 to .33 nun. thick, i.e.,

rather shorter and thinner than 0. mansoni. The tail (Fig. 19)

is very sharply curved ventrally, much more so than in 0.

mansoni, and ends in a somewhat sharp point, the tip of the

tail not being recurved, as in that species. No membranes are

present. The cloacal opening is 230 to 300 /j-.from the tip of

the tail, wh'ch is distinctly less than in 0. mansoni. Five

pairs of anal papillae are present, 3 preanal arranged in two

lines, slightly diverging from back to front, though not as

much so as in 0. mansoni. Two post-anal pairs are found, one

close behind the cloacal opening and one a short distance behind

that again. I have not been able to distinguish any other

papillae sini'lar to those lying one on either side of the cloaca

in 0. mansoni. There are two spicules, one (Fig. 19, l.s.) long

and thin, the other (Fig 19, s.s.) short, thick, and boat-shaped

in its distal portion, which acts as a guide for the longer spicule.

The latter is 3.4 to 4.1 mm. long and 11 to 12.7 /i. thick along its

length, swelling out to 24 or 30 //, at its open base. The short

spicule is 180 to 210 (in one case 240) /<. long by a maximum
diameter of 27 to 42 /i. These spicules differ in length and

thickness from 0. mansoni.

Female.— 13.5 to 20 mm. (generally al)out 15 uini.) long by

.27 to .39 mm. thick, i.e., thinner than 0. mansoni. The anus

(Fig. 20) is 390 ft to 440 (rarely)
f,.,

and vulva .78 to 1.07 mm.
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from the tip of the tail, again less than in 0. inansoni. The

uterus and ovary are double, the vagina formed by the union

of the two uteri, is about 2.64 mm. long (i.e., more than in

0. iN/nisoni), but in the middle-third of its length it is generally

swollen out into a thinner-walled portion in which 10 or more

eggs may lie in one transverse plane (see va.. Fig. 20). The

posterior end of this swelling is never more than .66 mm. from

the vulva, and never more than one egg is found at any point

along this terminal portion. This vaginal swelling does not

appear to be present in 0. mansoni. The eggs, too, are smaller

than in that species, being 33 to 4:5 ji. long by 25 to 30 ft. wide,

and often retain their square-ended appearance until ready to

be laid. Those in the vagina contain fully-formed embryos

(Fig. 21). It will be seen from the above that though this

species is closely allied to 0. majisoni, yet it is a distinct form

from the latter. A careful comparison of the two sets of

measurements will show that while in some cases the range of

extremes overlaps, though it is never the same (e.g., the length

of the pharynx, the length of the male and female, posi-

tion of the anus in the female), yet in other "features the

differences are distinct, as seen in the presence of the

cuticular cephalic wings on the male, the shorter oesophagus, the

thinner bodies of both uuile and female, the more posterior posi-

tion of the cloacal opening in the nuile, the fewer anal papillae,

the greater length and thickness of the long spicule, and in

general less length of the short spicule, the usually more posterior

positio'U of the anus and vulva, the longer vagina, and the nuich

smaller eggs.

Dr. Dodd writes as follows:
—

" ' Worm in the eye ' in poultry

has been known to poultry-keepers in North Queensland for

some years. My attention was called to the heavy mortality

resulting from this affection early in 1908, but no opportunity

for investigating it occurred until late in that year. Then a

live fowl was sent from Rockhampton for the purpose of obser-

vations in connection with a disease (subsequently ascertained

to be Spirochaetosis) which was then causing heavy losses.

The bird in question was quite lively, but was affected with

marked conjunctivitis, accompanied by slight swelling over the
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lachiymo-nasal fossae. Occasionally the bird would scratch its

eyes with its claws as if to remove some irritant. On closer

inspection one could see one or two worms looking like short

pieces of white thread wriggle across the cornea at the lower

surface, and by pulling back the membran;i nictitans a large

number of the worms could be seen in active movement. About

60 of them were removed by means of forceps for subsequent

examination. The eyes were then well irrigated with a 5 per

cent, warm solution of boracic acid. The treatment was re-

peated on several occasions. All the worms disappeared and

the bird made a complete recovery. Since then opportunity

has been taken of examining other birds so affected.

The disease is very common at Cairns, North Queensland,

and the loss occasioned there is often serious. It has also been

observed at other towns in tropical Queensland, and it will be

found probably throughout the coastal towns of tropical Aus-

tralia. It has not been observed away from the sea coast.

This feature was iiointed out by Ransom in connection with the

occurrence of Oxyspiruvd mansoni in other countries.

The early symptoms of infestation are not very marked, there

being slight lachrymation accompanied by slight conjunctivitis.

Apparently the presence of the worms, which can generally be

found on pulling down the nictitating membrane, causes more

or less irritation according to their number ; this irritation is

frequently shown by the fowl scratching at the affected eye

or eyes. If untreated, a pui'ulent conjunctivitis sets in, prob-

ably induced by the efforts of the Ijird to remove the offending

bodies, and pus collects at the inner canthi, which may com-

pletely close up the eye. The latter becoming very swollen, a

sero-purulent material collects in the lachrymo-nasal fossa, the

skin over which becomes more or less distended. In bad cases

the cornea becomes implicated, and finally loss of the affected

eye results. Birds so affected lose tiesh considerably, and may
die from exhaustion.

The life-history of the worm being unknown, preventive

measures cannot be rationally adopted, especiallv in cases where

fowls are allowed large areas in which to run. The treatment

usually applied is to remove as many worms as possible by



25"i Georgina Sweet':

means of fine dressing; forceps, and then well irrigate the eye

with warm boracic lotion, but complete success greatly

<lepends on the extent of the complications. A poultry

breeder whose fowls suffer considerably states that he has had

great success by dropping a few drops of chloroform into the

affected eye and then irrigating it with warm water. Very

scant attention to this condition is found in English literature,

the chief information being given by Ransom (1904), who also

summarises previous repoi-ts. Neumann just mentions its ex-

istence, but classes it under the intra.-oc\A&.Y filariae. In all

cases observed by me, the worm is er^ra-ocular, as is Oxyspirura

Dt.aiDioiii."

For convenience of reference I include a table on the following

page, which shows the metazoan parasites recorded to date from

Gal/us do/iiesticus in Australia.
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EXPL A N AT ION O F PLAT h:S.

All tigui'es drawn by aid of camera liicida.

Figs. 1-1.3.— Davainka vakians, sp. n.

Fig. 1 —Head, showing rostellum and suckers with hooks.

X about 230.

2a—Rostellar hooks ; upper figure in face view, lower figure

in side view x almost 1600.

2b— .\cetal)ular hooks. x about 1600.

3-7— Showing variations in configuration of strobila. Nos.

3-6 X about 30, No. 7 x 40.

8—3 segments (apparently 3rd, -itli and 5th), showing

alternate genital pores and eversion of cirrus back

to last .segment. x about 30.

9— Cirrus half everted, showing spines. x 175.

10—Cirrus fully everted. x 175.

11—Two eggs in capsule. x about 380.

12—One single egg. x about 380.

13—Diagram illustrating usual proportionate development

of male and fenuile organs in different segments :

Testis (t.), cirrus sac (c. s.), cirrus (c), ovary (o. ).

vagina (v.), vitelline gland (v. g.), receptaculuni

seminis (r.), eggs in capsules (e.).
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Figs. 14-21.—OxYSPiKruA parvovum, sp. n.

Fig. 14:— Male and female worms. x IJ.

15—Head and anterior part of body of female worms, show-

ing position of pharynx (ph.), nerve-ring (n. r.),

excretory pore (e. p.), oesophagus (oes.), intestine

(int.), and lateral line (1. 1.). x about 60.

16—Outline of head of male, showing oral papillae from

ventral surface. x 40.

17— Head of male, showing oral papillae from ventral sur-

face. X about 1 20.

18— Head, showing structure of pharynx in lateral view.

X about 380.

19—Tail of male worm, showing long (1. s.) and short (s. s.)

spicules, 5 pairs of anal papillae (a .p.), intestine

(int.), ductus ejactulatorius (d. e.), and position of

cloacal opening (c. o.). x about 60.

20—Tail of female worm, showing position of vulva (v.),

anus (a.), ovai-y (o.), vagina (va.), and intestine

(int.). x 80.

21—Three eggs, showing enclosed embryo. x 220.

END OF VOLUME XXIII., PART I.

[Published August, 1910.]
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Akt. XXI II.—On tlie systematic "positiun of the species

of Squalodon and Zeuglodon described from Aus-

tralia and New Zealand.

By T. S. hall, M.A., D.8c.

(University of Melbourne).

(With Plate XXXVI.)

ERRATUM, p. 257.

Line 10 for "Cape Colony" read "Cape Otway."

This specimen came from Waurn Ponds, and the same quarry

has also yielded a fragment of a molar and an additional prob-

able incisoi*. These are, it would seem, all correctly referred

to the same species.

Still later^ E, B. Sanger described a similar molar from beds

of the same age at Wellington, on the Murray River in South

Australia. To this he gave the name Zeaglndoii harwoodi. I

have been unable to trace this specimen, which has apparently

disappeared, and Mr. J. J. Fletcher, the secretary of the Linnean

Society, is unable to give me any information about it. This

A 3S;

1 Geol. Mag., v. 4 ; 1864, p. 145, pi. 8, f. 1.

2 Exhibition Essays, 1866.

3 Annals and Mag. Nat. Hist., v. 20; 18G7, p. 191.

4 Hrodronnis Pal. Victoria; decade 2, 1875, pi. ii,, ff. l-ld.

5 lb., Dec. 6, 1879, pi. 55, ff. 3-3b.

6 Proc. Linn. Soc. N.S. Wales, v. 5, 1881, pp. 298-300, wdct.
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Akt. XXIII.—On the systematic position of tJie species

of Squalodon and Zeuglodon described from Aus-

tralia and New Zealand.

By T. S. hall, M.A., D.Sc.

(University of Melbourne).

(With Plate XXXVI.)

[Read 13th October, 1910.]

M'Cor in 1864:1 described Squahvlon n'ill-insnni from the ter-

tiary polyzoal limestone of Cape Colony. 'Tiie specie.s was founded

on a single molar tooth in a good state of preservation. In 18662

the species was again characterised on the same tooth, but in

less rigid terms, and the essay containing the description was

reprinted in the following year^. In it M'Coy referred the species

to " Squalodon or Phocodon" the names being synonymous.

In 1875^ the same author published a description of the same

tooth for the fourth time, and gave a good figure. Four years

latei"^ he figured another tooth of a simpler character, and re-

ferred it to the same species as one of the " anterior " teeth.

This specimen came from Waurn Ponds, and the same quarry

has also yielded a fragment of a molar and an additional prob-

able incisor. These are, it would seem, all correctly referred

to the same species.

Still later^ E. B. Sanger described, a similar molar from beds

of the same age at Wellington, on the Murray River in South

Australia. To this he gave the name Zeuglodon harwoodi. I

have been unable to trace this specimen, which has apparently

disappeared, and Mr. J. J. Fletcher, the secretary of the Linnean

Society, is unable to give me any information about it. This

1 Geol. Mag., v. 4 ; 1864, p. 145, pi. S, f. 1.

2 Exhibition Essays, 1866.

3 Annals and Mag. Nat. Hist., v. 20 ; 1867, p. 191.

4 Prodronuis Pal. Victoria; decade 2, 1875, pi. ii,, ff. l-Ut.

5 lb., Dec. 6, 1879, pi. 55, ff. 3-3b.

6 Proc. Linn. Soc. N.S. Wales, v. 5, 1881, pp. 298-300, wdct.
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is unfortunate, as the description gave no account of the surface

of the tooth, which the figure appears to indicate as smooth.

As regards the form of the tooth, it seems to have relatively

much more slender roots than M'Coy's type molar, and in the

size and arrangement of its cusps it resembles a specimen from

Mount Gambier, figured below. I think that this form of tooth

must indicate an animal quite distinct from M'Coy's, as such

a marked difference in the proportionate size of the roots would

probably be correlated with differences in the strength of the

jaws.

As regards New Zealand, we find two records of the serrated

teeth characteristic of Zeuglodonts and Squalodonts. The first

is by Sir James Hector, who in 1S8U described Kekenodon

onamatcfl as a Zeuglodont. He had fragments of a lower jaw

and of ten imperfect teeth, but figures only the latter. In

1888 J. W. Davis founded Squalodon serratus on a tooth partly

hidden by matrix. He says that it closely resembles that

described by M'Coy as S. wilhinsnni, but differs in the number

of lateral denticles or cones.

This is, of course, a variable featui-e depending on the position

of the tooth in the series. I would doubtfully put this under

the synonym}^ of Sanger's species, Z. harwoodi. Besides these

records a Squalodont tooth was found some years ago at Table

Cape by Prof. Baldwin Spencer, and was handed over to Prof.

Ralph Tate at the time. The specimen is in the Adelaide Uni-

versity Museum, and I have to thank Mr. W. Howchin for an

opportunity of examining it. It bears a label with a MS name

of the late Professor Tate's, namely, Zeuglodon hrevicusindatus.

In the same drawer was found a paper with the following note

in Tate's handwriting:

—

''Zeuglodon s., distinguished from

Z. Hai-woodi and Z. [blank] (Alabania) by its small cusps

and deep ang-ular rugosities, also from Squalodon Wilkinsoni by

the same characters apart from its prob. diff. generic location."

As Mr Howchin tells me, it is not known Avhether the above

description was intended to apply to the present specimen.

The probabilities are, I think, that it was so.

1 Trans, and Pioe. N. Zealand Inst., v. 13, 1881, p. 435, pi. 18.

2 Zittel in his Handbook misspells both the generic and specific name, and gives a

puzzling variant of i>. wilkinsoni. The errors are repeated in the French edition.
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The specimen consists of merely parth^ hollow crown packed

with the characteristic large, well-rounded quartz grains of the

basal beds at Table Cape. A reference to the figure will show

the obliquity of the crown and the presence of two large

cusps on the front edge, and three on the hind one. This points

in the direction of the Squalodonts rather than of the Zeuglo-

donts. Tlie crown is higher and narrower than M'Coy's type,

and thus approaches the more anterior tooth figured from Spring

Creek. Though the root is absent I am of opinion that the

Table Cape specimen is conspecific with M'Coy's species, and

is more anterior than his type.

The Victorian National Museum has a fine molar from the

Mount Gambler polyzoal limestone, which has been referred to

above.

I have what appears to be a premolar from the Middle Spring

Creek beds, which I found several years ago. These are all the

records or material of which I can find trace. No other bones

belonging to these whales have been found unless some of those

recorded as " Cetotolites " may be so referred.

Hector's Kekenodon in some ways stands apart from all the

others. The crowns of the teetii as compared with the roots

are much smaller. The surfaces of the crowns are stated by

Hector to be fluted and polished. Casts of some of the teeth are

in the National Museum here, but the flutings are not shown,

and cannot, I think, have been as pronounced as in *S'. wil-

kinsoni.

We have then three species, which, as I shall attempt to show,

it w^ould seem advisable to refer to as many distinct genera.

The separation of the Zeuglodontidae and the Squalodontidae

rests fundamentally on the formation of the skull, the Zeuglo-

donts being more generalised, or archaic, in that the anterior

nares are far forward, the nasals being large. Both

families are usually grouped with the Cetacea, the latter as a

distinct sub-order, Archaeoceti or Zeuglodontes. The Squalo-

donts with small nasal bones, and an anterior nasal opening on

the top of the head, are grouped with the Odontoceti under the

family Squalodontidae.

The only suggested difference shown b)' the teetli in the two

families is, as has been pointed out by several observers, that

3a
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the cusps on the anterior cutting-edges in Squalodonts are less

conspicuous than those on the hind edges^.

There seems to be great variation in the ornament on the

teeth, though perhaps imperfect figures and descriptions may
mislead us here, as very fe'w authors pay much attention to the

point.

Andrews^ says that in Prozenglodon the enamel at the base of

the crown is raised into fine ridges. In Z. isis he describes

the surface, especially that of the inner side of the crown, as

covered with anastomosing ridges, which do not run on to the

serrations of the posterior border. Cams'' appears to figure the

teeth of Z. hydrarchos as smooth. Gaudry* figures «b'. graielou-pei

as roughly ridged, but his illustration is only a Avoodcut. Zeug-

lodon cetoides he figures as quite smooth, but the drawing is,

he says, from a cast. Koch^ shows Z. macrospondylus from

Alamaba as fluted. Lydekker" shows the teeth of Z. caucasicus

(type of Microzeuglodun, von Stromer) as smooth, Rhizoprion

hariense, Jourdau's figures'" show with a few coarse longitudinal

grooves. Owen" shows the teeth of Z. cetoides as smooth.

Casts of the teeth of Z. cetoides in the National Museum show

the molars and canines to be smooth and polished. Van Bene-

den's " Description des ossements fossiles des environs d'Anvers "

and the " Osteographie des cetaces " by Gervais and van Bene-

den are unfortunately not in Melbourne, but the latter author^

in speaking of (S'. antverpiensis says the crowns of the teeth

are coated with enamel covered with grooves separated from one

another by an equal space of 1 mm. and his figure (pi. 1) shows

a tooth ornamented like M'Coy's type of S. tvilkinsoni. He
gives further particulars as to the surface of the teeth which

show their resemblance to M'Coy's species and points out that

the teeth of Zeuglodnn are all remarkable by the number and

1 e.g., Lydekker, 1893, p. 9.

2 Anlrews, 1906, p. 255.

3 Carus, pis. 39a, 39b.

4 pp. 30 and 33.

5 Koch, pi. 7.

6 Lydekker, 1892.

7 Joiirdan, pi. 10.

8 Owen, pi. 7.

9 Van Beneden, 1876, p. 476.
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form of the crenuhitions and the two edges always resemble

one another more than in Squalodons. The same author in

another paperi says that in S. servatutn the teeth are coated

with a thick layer of enamel the surface of which is always
" striee*ou guillochee." For the latter word I can get no satis-

factory meaning. " Engine-turning '' or the geometric inter-

lacing of curved lines does not seem applicable to any ornament

described or figured elsewhere.

Similar references could be nuiltiplied but the quotations are

sufficient to show that ornament alone is not sufficient to fix the

generic position of an unknown tooth.

An additional character common to the Northern Zeugiodonts

and Squalodonts is the complete separation of the divergent

roots of the molar teeth. This character is not shown in any of

the corresponding teeth in the Southern forms as far as is

known. In Prusqualodon from the Chubut deposits of Argen-

tina Lydekkei^ states that in the molariform teeth the fangs

have coalesced, but are separated by a deep groove, and he gives

a text-figure showing this feature. True'^ says the teeth of Pro-

squalodon which he examined did not exhibit the amount of

divergence that Lydekker figured. Sanger'* says that the two

fangs of his species are connected by an isthmus. The same

character of the coalescence of the fangs is shown in M'Coy's

type, in the specimens from Mount G-ambier and from Spring

Creek.

The fusion of the roots seems to be of sufficient importance

to separate the Southern forms from Squalodon and Zeuglodon

alike, and as Lydekker's ProsquaJndon shows the fusion and is

undoubtedly Squalodont it will be found advisable, I think, to

refer the Australian species to the same family of short-beaked

forms.

In the case of Kekenodon there is a peculiarity. The roots

are united in most of the teeth, but in some at least they run

parallel, but not quite in contact. Their passage towards com-

plete union has not advanced as far as in the Australian species.

One tooth, moreover, has a third root, a feature which is more ar-

1 Lydekker, 1899, p. 921.

2 True, 1910, p. 450.

3 Sanger, 1881, p. 298.
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chaic than anything found in Squalodon, but occurs in the Fayum
Prozeufjlodoti} This character is regarded by Andrews as of

generic value.

The diflferences which exist in the teeth are, I think, of suffi-

cient importance to enable us to separate three genera which

may be referred to the Squalodontidae and may be defined as

follows :
—

Kbkbnodon, Hector.

Teeth with massive roots, three or four times as long as the

crown. Roots usually united for their whole length, and in

every case never widely separated. A third root in some teeth.

Lateral cusps on the crowns strong and freely projecting. Sur-

face of crowns, according to Hector, fluted.

Only species Kekenodon onamata, Hector.

Parasqualodon, gen. nov.

Roots of molariform teeth slightly more than twice the

length of the crown. Roots united throughout their length and

in some teeth slightly hooked at the end. Lateral cusps on

the teeth rather small. Surface of crown covered with cord like

the tip of the tooth. Ridges roughened with small rounded pro-

minences. In the (?) premolar figured (PL XXXVI., Fig. 3) the

sharp edges of the teeth are slightly serrated, the serrations varying

in size from these prominences to distinct, though small, cusps.

Anterior teeth with the same cordlike ornament, but without

lateral cusps, and from the same horizon, are provisionally refer-

red to the same genus and species.

Only species Parasqualodon wilkinsoni, M'Coy.

Metasqualodon, n. g.

Roots of molariform teeth slender and only a little longer

than the height of the crown, the two fangs connected by a thin

" isthmus " much as figured by Lydekker in Prosqualodon. but

the fangs more nearly approaching one another. The material

does not inform us as to whether the fangs were connected

1 Andrews, p. 251.
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throughout their length by the isthuinus, or whether they pro-

jected freely beyond it. Lateral cusps rather large. Ornament

as in Parasqualodon.

Only species MeUi-^quaJodon harwoodi. Sanger.

In discussing the atfinities of Prosqualodon, Lydekker says

that in the structure of the nasals the South American genus

is more generalised than Squalodon, while in the character of

the teeth it is more specialised. ' As we know only the teeth

of our Australasian genera, and these imperfectly, we cannot say

whether or not they were in. advance of the specialisation of

the skull.

Geologists are as yet undecided as to the age of the Patagonian

tertiaries. Those in the United States, and most of those in

Europe, refer to the Santa Cruz beds which yielded Prosqualodon

to early miocene or perhaps oligocene. Von Ihering, who has

spent many years on the task, and is familiar with the recent

mollusca of South America, still tights vigorously for their

eocene age, and is, I think, working on correct lines.

The New Zealand Kekenodon is said by Hector to be eocene,

but the matter is still in doubt. As regards the beds in Southern

Australia which have yielded Squalodonts, opinions vary be-

tween eocene, oligocene and miooene. At present those which

have yilded Prosqualodon are spoken of merely as Janjukian.

The polyzoal limestone of Mount Gambler is, of course, prac-

tically devoid of mollusca, and its relationships are consequently

not eas.y to settle, but they appear to lie rather with Muddy

Creek, Avhich is Balcombian, than with Janjukian. The beds of

the Murray River cliffs, whence Sanger's type came, are

generally regarded as Janjukian, but variations may occur in

such a great range of outcrop.

There are differences of opinion as to the sequence of these

two subdivisions of the Barwonian system, my view being that

Janjukian is the older.
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DESCRIPTION OF PLATE XXXVI.

Fig. 1.— Incisor of (?) Parasqualodon wi/kinsoni, Waurn Ponds.

(Coll. Nat. Mus.).
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Fig. 2.—Incisor of P. wilkiusoiii^ Waurn Ponds. (Coll. Nat.

Mus.). Figured by M'Coy.

3.—Premolar of P. ivilkinsoiii^ Spring Creek. (Coll. T. S.

Hall).

4.—INIolar of P. wilkinsoni. Table Cape. (Coll. Geolog.

Dept. Adelaide Univ.).

5.—Molar of P. wiikinsoni, Castle Cove, Cape Otway. (Coll.

Nat. Mus.) M 'Coy's type.

6.—Molar of Metasqjtalodon harwoodi, Mount Gambier.

(Coll. Nat. Mus.).

7.—(A) Molar of M. harivoodi. After Sangei-.

(B) Transverse section of roots of molar of M. harivoodi,

showing their union. After Sanger.

(The figures are all about natural size).
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Art XXIV.—Further Descriptions of the Tertiary

Polyzoa of Victoria.

Part XI.

By C. M. MAPLESTONE.

(With Plates XXXVII. - XL VIII.).

[Read 13th October, 1910.]

Catenicella bairnsdalei, n. sp. (PI. XXXVII., Fig. 1).

Zooecium oval, broad, compact ; with eleven narrow fenestrae.

Thyrostome arched above, straight below ; distal margin raised.

TS\^o long, deep, uncalcified areas situate laterally : the dis-

tal angles produced into acute processes, probably avicularian.

Locality.—Mitchell River (J. Dennant).

A single specimen. This is a very solid looking form ; the proxi-

mal fenestrae are well defined, the distal ones less so and the

interspaces there have the appearance of transverse ribs stretch-

ing across the frontal wall. The uncalcified lateral areas are sur-

rounded with raised, smooth walls ; those on the right hand side

are merged into one long area.

Catenicella ampla, Waters. (PI. XXXVIL, Fig. 2).

I have included an illustration of a zooecium of this species as

the specimen is much more perfect than any figured in Dr.

MacGillivray's Monograph.

Catenicella cuneiformis, n. sp. (PI. XXXVTI., Fig. 3).

Zooecium cuneate, ventricose, narrow ; with eleven fenestrae.

TEyrostome veiy large, arched above ; lateral and distal margins

raised ; a very small sinus in the proximal margin. An acute

spinous process at each distal angle with an avicularium below.

Locality.— Clifton Bank, Muddy Creek (Dr. Hall).

The very large thyrostome with raised margin, the narrow

fenestrae and the angular spinous processes separate this from

other species.
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Catenicella morningtoniensis, n. sp.

(PI. XXXV II., Fijr. 4).

Zooeciuiu oval, elongate, with wide lateral processes and nine

to fifteen very narrow fenestrae. Thyrostome arched above,

straight below, with a longitudinal ridge above it. Two to

three elongated depressed uncalcified areas in the lateral pro-

cesses and one on each side above the thyrostome ; a spinous

process on the outer angles.

Locality. Balcombe Bay, Mornington (Dr. Hall).

This is near C. marginata, Waters, but the number of the

fenestrae is much greater, they are narrower than in that species,

and the uncalcified areas on the margin are more numerous.

Catenicella concinna, n. sp. (PI. XXXVIL, Fig. 5).

Zooeciuui cuneate, ventricose, smooth ; with nine fenestrae,

very slightly depressed. Thyrostome arched above ; lower

margin incurved in the centre ; a broad ridge above. Lateral

processes are either absent or aborted. Avicularia (?) at distal

angles.

Locality.—Mornington (Dr. Hall).

This is a very distinct species. It is exceedingly ventricose,

with a smooth, shining surface, and there are apparently no

lateral processes. The distal angles are not quite perfect, but

present indications of having borne avicularia.

Catenicella elegantissima, n. sp. (PI. XXXVIIL, Fig. 6).

Ooecium ovoid, smooth ; surmounted by a flattened umbonate

process, below which the surface is slightly depressed over about

a third of the ooecium ; in the depression there is near the

proximal margin a curved row of about 20 small pores, above

which is a similarly curved row of 5 or 6 larger pores. Ooecial

opening broad
;

proximal margin slightly incurved ; a broad

sinus in the distal margin. Five narrow fenestrae and a small

depressed uncalcified area on each side, below the ooecial open-

ing. Zooecia unknown.

Locality.—Spring Creek (Dr. Hall).
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TLis is a very elegant form, its great peculiarity is the de-

pressed area on the distal part, perforated with two rows of

pores. This part was probably covered with an epitheca when

living. The sinus in the distal margin of the ooecial opening

is peculiar to this species.

Catenicella minutissima, n. sq. (PI. XXXVTT., Fig. 7).

Ooecium pyriform, with a slightly depressed falciform granu-

lar area on each side. Nine very narrow fenestrae below the

ooecial opening. Ooecial opening very wide
;
proximal margin

extended upwards in the median part causing the opening to

be narrow and curved downwards at the ends : an irregularly

shaped lateral process on each side. Zooecia unknoAvn.

Locality.—Campbell's Point (J. F. Mulder).

This is an extremely small ooecium, ; I know of no species of

Cateniodla that has zooecia so minute as would correspond

with the dimensions of this ooecium. The lateral processes

shown are probably part of the matrix of the formation and not

really a part of the ooecium.

Catenicella longispinosa, n sp. (Pi. XXXVIL, Fig. 8).

Zooecium oval, ventricose ; with wide lateral processes and

seven large fenestrae. Thyi'ostome arched and raised above,

with a very small sinus in the proximal margin. Two deep

depressed uncalcified areas on each side. A long acute bilamin-

ate spine on the distal angles.

Locality.—CampbeU's Point. (J. F. Mulder).

This is a large species and is distinguished by the very long

distal bilaminate spines which clearly show the manner of their

formation as the sides do not completely join, but leave, in the

left-hand one, a long narrow cavity and in the other a triangular

hollow : the spine on the extreme right hand has not developed

completely and may possibly indicate the presence of an avicu-

larium in lieu of an elongated spine.

Strophipora triangularis, n. sp.

(PI. XXXVIIL, Figs. 9 and 9a).

Ooecium ovoid, with two rounded ridges descending from

near the summit downwards and outwards, terminating; on a
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level with the proximal margin of the ooecial opening on each

side, leaving a depressed triangular area between ; a large

slightly depressed pyriform area on each side beyond the

ridges. Ooecial opening large, transversely elliptical : a single

rounded foramen below it on a slightly elevated umbo on the

median line. Dorsal surface smooth, with two very slightly

raised narrow ridges descending from the apex with a hastate

depressed area between ; at the proximal end of which there is a

subtriangular area very slightly calcified and almost transparent.

Around the sides and crossing over near the apex is a narrow

ridge, probably the dorsal margin of the depressed areas seen

on the front view. Zooecia unknown.

Locality.—Campbell's Point (J. F. Mulder).

The slide upon which these two specimens are, was given to

me by Mr. Mulder, and I consider them as exhibiting the frontal

and dorsal aspect of the one species, though not having exactly the

same outline ; the difference is not more than can be seen in the

ooecia of other species of Catenicellidae, and as the dorsal sur-

face has a somewhat depressed triangular area similar to that

on the frontal surface I do not think there can be any doubt

about it. The small i^ound foramen on the raised umbo is

analagous to that occurring on the frontal ridge of the zooecia of

the other species of SfrophijJora.

Stmphipora laevis, n. sp. (PI. XXXVITL, Fig. 10).

Zooecium ovate, smooth. Thyrostome large, suborbicular

;

proximal margin with a broad, fiat, protruding denticle. The

central portion of the zooecium bears a slightly raised ridge

extending from the thyrostome to near the proximal part,

with a pore below the thyrostome. A curved spinous process

on each side extending to the distal end of the zooecium.

Locality.—Mornington (Dr. Hall).

A single specimen. The zooecium is veiy smooth and the

ridge in the centre is very slightly laised, but its presence and that

of the jiore show it to be a Strophipora though these character-

istics are less marked than in the other species. The curved

spinous processes arching over the distal part are peculiar to

this species.
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Claviporella bicornis, n. sp. (PL XXXVIII., Fig. 11).

Ooecium elongated, irregularly oval. Ooecial opening large,

curved distally
;
proximal margin denticulate. On each side of

the ooecial opening there is a large, thick, spinous process, the

left one straight, the right-hand one curved. Below the ooecial

opening on each side is a short cylindrical adnate process, with

a truncated end, the right-hand one the longer. Zooecia un-

known.

Locality.—Campbell's Point. (J. F. Mulder.)

This is a very peculiar form owing to the presence of the

large spinous process on each side of the ooecial opening, similar,

but much larger in proportion, to those on the ooecia of 67.

aurita and CI. geminata (recent species). The short truncate

processes below the ooecial opening are peculiar to it, they are

possibly avicularian. The denticulation on the proximal margin

of the ooecial opening may possibly be caused by the fracture

of the frontal wall of the ooecium, but the inner edges of the

denticles have 2.3 acute points, whereas if it had been caused by

fracture the edges would most probably have been straight, or

nearly so. The irregular fiat curved process on the distal end

may be a portion of the matrix of the deposit, and not actually

belonging to the specimen.

Claviporella airensis, n. sp. (PL XXXVIIL, Fig. 12.

Zooecia irregularly cuneate ; below the thyrostome is a small

elongated, vertical slit or pore. Thyrostome arched above ; a

deep rounded sinus in the proximal margin. Ooecium globose,

smooth, with faint lines radiating from the ooecial opening,

which is of the same shape as the thyrostomes, but larger, and

loftier in proportion.

Locality.—Aire coastal beds (Dr. Hall).

A single internode composed of three zooecia, and an ooecium
;

the zooecium proximal to the ooecium is apparently double as

there are two pores on the raised front wall, but, as there

is no thyrostome to either portion, it probably represents two

imperfectly developed zooecia. This is near CI. longicollis

McG., but in this species there is only a small slit in the place

of the larger depressed banded area in that species.
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Vittaticella cpuciformis, n. sp. (PI. XXXVIII., Fig. 13).

Zooecia cuneate, elongate, ventricose. Thyrostome arched

above, straight below. Large, broad lateral vittae with 4 to 6

large circular fenestrae (?).

Locality.—Bairnsdale (J. Dennant).

A portion of the specimen is partially obscured by matrix.

It is cruciform in shape and is composed of 3 (possibly 4)

zooecia, and in the centre there is a rounded elevation which

roay be an ooecium. It is distinguished from all other Vitta-

ticellae by the very broad vittae with a few, comparatively large,

fenestrae (?) covered with an ectocyst in lieu of the small pores

usually present in the vittae of the other species.

Brettia brevis, n. sp. (PI. XXXVIIL, Fig. 14).

Zooecia cuneiform, subtubular, ventricose. Thyrostrome or-

bicular, surrounded by a wide peristome, the margin of which

bears very short blunt spinous processes.

Locality.—Spring Ci"eek (Dr. Hall).

This is a very interesting form which I assign to Hrettia,

though it is very much shorter in proportion to its width than

any of the recent species, and it is much more highly calcified

than they are. The genus has not hitherto been recorded as

fossil.

Caberea mor'ningtoniensis, n. sp.

(PI. XXXIX., Fig. 15).

Zoarium ligulate. Zooecia multisferial. Aperture lai'ge, oval,

elongate ; margins raised, very broad and granulated ; a spine

at each distal angle ; numerous small oval avicularia scattered

irregularly on the surface of the zoarium. A very large pedun-

culate avicularium on one side of the aperture. Ooecia mitri-

form.

Locality.—Balcombe Bay, Mornington (Dr. Hall).

This is near C. grandis, Hincks., but differs from it in the

very broad granulated margins of the aperture, in the absence of

any scutum and in the presence of the very large pedunculate

avicularia on the side of the aperture ; these are, most of
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them, broken off, leaving a portion of the tubular stem exposed,

but one on the left-hand side is preserved. The basal wall of

an ooecium is seen above the distal end of the aperture of

uppermost median zooecium. The specimen is not in very

good condition, portions of it being obscured by sandy particles,

but there is no doubt as to its specific distinction.

Fapcimia airensis, n. sp. (PI. XL., Fig. 16).

Zoarium erect, free. Zooecia long and narrow, with raised

m.argins. Aperture elongated, oval ; sides straight ; ends curved,

proximal end narrower than the distal one ; margins raised.

Numerous large spatulate avicularia on one side of the zoariimi.

Locality.—Aire River, Cape Otway (Dr. Hall).

This is near F. lusoria, Waters, but the zooecia are longer

and narrower, and the large spatulate avicularia are peculiar to

it.

Menipea uniserialis, n. sp. (PI. XL., Fig. 17).

Zoarium erect ; the zooecia in single series. Zooecia oval

with large elliptical aperture, which at the distal end bears, below

the level of the margin, a median broad process leaving a

narrow space on each side ; the inner lateral and proximal

margins of aperture granulated ; a very small spine on one side

of the margin near the distal end ; a very large sessile avicu-

larium on the other side of the zooecia.

Locality.—Aire coastal beds (Dr. Hall).

This species I assign to Menipea, though the zooecia are in

single series, instead of the usual bi- or multisei'ial series, as it

has a large sessile avicularium on one side of the zooecia.

Synaptacellidae, nov. fam.

Zoaria free, rigid. Zooecia in single series.

The zoarial character of the species I have placed in this family

is quite distinct from that of the other families in which the zooecia

are in single series. In Catenicellidae the zooecia are joined together

by tlexible chitinous tubes. In Eucratiidae they are only some-

times uniserial, and are subcalcareous, not rigidlv connected.
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In neither of these families could they be included. I am aware

that It is not considered advisable to institute a new family, or

even a new genus, upon purely zoarial charaoters, especially as,

at the present time, the structure of the operculum, and whether

the rosette plates have a single pore, or many, are considered

by some to be of equal, if not greater, taxonomic value than the

more evident zooecial characteristics, and that zoarial form is

almost entirely ignored ; but the species here described, six in

number, are so very distinctive in their zoarial character that

I consider the creation of a new family for their reception is

quite justified.

8ynaptacella, nov. gen.

Character as for family.

Zooecia ovoid, pyriform or cuneate. Aperture large, oval

;

margins raised.

The zooecial characteristics of the species of this genus vary

somewhat, but they all resemble one another to such an extent

that, taking into consideration their uniform zoarial character,

I consider they may properly be placed in the one genus.

Synaptaceila asymmetrica, n. sp. (PI. XL., Fig. li)).

Zoarium free. Zooecia in single series. Zooecia ovoid and

cuneiforn); aperture oval or suborbicular, small and asymmetri-

cal ; margins thick and raised ; a large round depressed area in

the proximal part of the l)asal wall, and a small one in the

distal end ; an avicularium at the distal part, of the zooecia on

the side towards which the aperture is directed.

Locality.—Spring Creek (Dr. Hall).

The specimen consists of two zooecia only, the proximal one

not quite perfect, and the distal one has a rounded ridge on one

side. Tlie comparatively small asymmetrical aperture with the

very thick raised margin and the small lateral avicularia are

distinctive.

Synaptaceila gibbosa, n. sp. PI. XL., Fig. 20).

Zoarium free. Zooecia in single series. Zooecia irregularly cunei-

form, asymmetrical ; aperture elongated, subtriangular, rounded
4
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distally ; margins raised, broad, with a narrow inner rim ; a

small spine on each side near the distal end ; an ovoid avicu-

larium below.

Locality.—Griffin's, Moorabool (Dr. Hall).

The specimen consists of two zooecia only. Its chief pecu-

liarity is the asymmetrical form of the zooecia. one side is

slightly curved inwardly, the other side projects laterally, form-

ing an obtuse angle. The bases of the marginal spines are

preserved on the proximal zooecium only and on that one the

avicularium is broken off.

Synaptacella crassimarginata, n. sp. (PI. XL., Fig. 21).

Zoarium free, branching. Zooecia in single series, ovoid,

contracted proximally ; aperture oval, with very wide, raised

margins ; a large rounded depressed area in the proximal part

of the basal wall, and two small narrow ones distally ; a raised

ovoid avicularium below.

Locality.—Griffin's, Moorabool (Dr. Hall).

This specimen consists of three zooecia, the two distal ones

branching from the proximal one.

Synaptacella ovalls, n. sp. (PI. XL., Fig. 18).

Zoarium free. Zooecia in single series ; ovoid : aperture oval,

with a raised double margin ; an avicularium at each distal

angle, and sometimes one on an umbo below the aperture ; a

spine (?) above the centre of the distal edge of the aperture.

Locality.—-Griffin's, Moorabool (Dr. Hall).

This also is a small fragment, consisting of two zooecia only.

The aperture is a very regular oval ; the avicularia on the distal

angles are indicated by short tubular processes, which may be

the bases of pedunculate avicularia, and the process on the

distal edge of the aperture of the upper zoarium may represent

either the base of a spine or a small avicularium.

Synaptacella dennanti, n. sp. (PI. XLL, Fig. 22).

Zoarium free. Zooecia in single series ; ovoid, elongate, con-

tracted proximally ; aperture oval, occupying nearly two-thirds
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of the length of the zooecia ; margins raised ; a small circular

avicularium below the aperture.

Locality.—Mitchell River (J. Dennant).

A single specimen, consisting of two zooecia only. The

avicularium on the distal zooecium is broken away, showing

the form of the avicularian chamber.

Synaptacella recta, n. sp. (Pi. XLL, Fig. 23).

Zoarium free, erect. Zooecia in single series, pyriform ; aper-

ture ovoid ; margins raised. Small oval avicularia on a slightly

raised uu;ibo below the aperture.

Locality.—Griffin's, Moorabool (Dr. Hall).

Tlie specimen consists of two zooecia only ; it is not in very

good preservation, as there is a longitudinal fracture running

through the lower zooecium, and the margins of the aperture

are not quite perfect, but it is quite distinct from the other

species.

Cellulapia balcomiensis, n. sp. (PL XLT., Fig. 24).

Zoarium free. Zooecia biserial, ovoid, contracted proximally

;

aperture oval, elongated ; margins raised and thickened ; a large

round, depressed area in the proximal part of the basal wall,

with two smaller ones distally. No avicularia.

Locality.-—Balcombe Bay, Mornington (Dr. Hall).

This is a very small form, and though not in good preserva-

tion, is quite distinct from ('. trianguJata, Mapl., the only other

species hitherto recorded from oiu- Tertiary formations. The

two specimens figured differ somewhat, one being in the distal

part almost in single series, but I consider they are the same

species.

Cellulapia mooraboolensls, n. sp. (PI. XLL, Fig. 25).

Zoarium free. Zooecia biserial, directed alternately outwards,

elongated, with oval aperture; margins raised and wide, with

a narrow inner rim ; a spine on each side near the distal end
;

a circular raised avicularium below the aperture.

Locality.—Griffin's, Moorabool (Dr. Hall).
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A single specimen, consisting of five zooecia ; it differs from

C. halcomiensis in the distal part of the zooecia, being directed

alternately outwards, and in the presence of avicularia.

Membpanipopa laevissima, n. sp. (PI. XLI., Fig. 26).

Zoarium encrusting. Zooecia undefined, slightly calcified,

very shallow ; aperture oval, with smooth margins ; interspaces

only slightly raised, smooth, with small oval avicularia between

the zooecia.

Locality.—Wilkinson's No. i (Dr. Hall).

A single specimen growing on a fragment of a bivalve shell.

It is very flat and thin looking, more like a thin gelatinous film

than a calcified structure, the surface of the shell is exposed in

the apertures, and there is no trace of any basal wall, which

was probably membranous.

Membranipopa ovifepa, n. sp. (PI. XLII., Fig. 27).

Zoarium encrusting. Zooecia irregularly oval, in transverse

rows; aperture large; margins raised, flat; scattered vicarious

oviform avicularia, with oval mandibular area.

Locality.—Orphanage Hill, Geelong (Dr. Hall).

This in appearance resembles some specimens of M. gregsoni,

McG., but the form of the avicularia is very different ; all, except

one, of the apertures are filled with fine particles of sand, and it

is interesting to note that one of the zooecia is regenerated, the

margin of the later formed one showing within that of the older.

Steganoporella dennanti, n. sp. (PI. XLIIL, Fig. 28).

Zoarium in vincularian form. Zooecia dimorphic, elongated,

arched and overlapping distally. Cryptocyst depressed, occupy-

ing about half the length of the zooecia, perforated with very

small pores ; a rounded opesiule on each side at the distal end
;

median process straight ; oral shelf forming a subtriangular

or coi'date arch. In the " B " zooecia the polypide tube descends

distally to the basal floor.

"A" zooecia L2 mm. long, 0.4 to 0.6 mm. wide.

" B "' zooecia 1.3 mm. long:, 0.7 to 0.8 mm. wide.
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Locality.—Mitchell River (J. Dennant).

The frontal edges of the lateral and distal walls of the zooecia

are apparently eroded, and are of a dark colour, probably the

animal tissue of the polypide mineralised. The lateral and oral

shelves are minutely granulated, not perforated. In the " A "

zooecia the cryptocyst and the median process only are seen,

the polypide tube being either hidden or broken away, but in

the lower " B " zooecium, of which only the distal portion is

preserved, the polypide tube is present, it descends towards the

base, and is produced distally a considerable distance.

Steganopoi^ella bairnsdalei. (PI. XLITI., Fig. 2Sa).

Zoarium in vincularian form. Zooecia dimorphic, elongated ;

arched and overlapping distally. Cryptocyst depressed dis-

tally, occupying about two-thirds of the length of the zooecia ;

coarsely perforated. Oral arch incurved at the proximal ends.

Oral shelf forming a subtriangular arch in the " B " zooecia.

Polypide tube showing only as an opening near the distal margin

of the cryptocyst.

" A " zooecia 1 to 1.2 mm. long, 0.4 mm. wide.

"B" zooecia 1.6 mm. long, 0.6 nuu. wide.

Locality.—Mitchell River (J. Dennant).

The zooecia are smaller and narrower in proportion than those

in the preceding species ; the oral arch is incurved at the proxi-

mal ends, showing the condyles. The details are not well jire-

eerved, only the upper part of the polypide tube is seen in the

" A " zooecia. In the right-hand upper "' B " zooecium the

median process extends distally beyond the opening of the poly-

pide tube, it is straight, with projecting angles, and the

oral arch is of abnormal form ; the one in the " B " zooecium at

the base of the specimen being of normal shape.

Steganopopella cliftonensis, n. sp. (PI. XLIV., Fig 29).

Zoarium encrusting. Zooecia dimorphic, oval, overlapping dis-

tally. Cryptocyst occupying nearly half the length of the

zooecia, tinely perforated. Polypide tube asymmetrical, pro-

longed distally ; median process with flanges connecting poly-
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pide tube with the distal margin of cryptocyst and the lateral

walls. Oral shelf forming a subtriangular arch in the "B"
zoocia, but is hardly perceptible in the " A " zooecia.

" A " zooecia 0.9 to 1.2 mm. long, 0.7 to 0.8 mm. wide .

" B" zooecia 1.5 mm. long, 0.7 to 0.8 mm. wide.

Locality.—Clifton Bank. Muddy Creek (Dr. Hall).

In this species as in S. lateralis the polypide tube is asym-

metrical, but instead of descending abruptly to the basal wall,

as in that species, it extends to a considerable distance distally.

In the figure given the zooecium on the left-hand at the top is

an " A ' form, the others are all " B " zooecia.

Steganoporella corioensis, n. sp. (PI. XLIV., Fig. 30).

Zoarium encrusting. Zooecia dimoi'phic, quadrate, arched

distally. Cryptocyst in the " A " zooecia occupying about a

third of the area ; in the " B " zooecia nearly half ; in both very

finely perforated. Oral shelf in the '" B '' zooecia forming a

subtriangular arch; veiy narrow in the " A"' zooecia. Polypide

tube shoi't ; median process with flanges connecting it with distal

end of cryptocyst.

•' A ' zooecia 1. to 1.2 mm. long, 0.5 to 0.8 mm. wide.

B " zooecia 1.3 to 1.4 mm. long, U.8 mm. wide.

Locality.—Corio Bay (Dr. Hall).

In this species the polypide tube is not exactly in che median

line, and is inclined slightly to one side or the other. In the

figure the three upper zooecia are of the '' B " form, the three

lower are of the " A "'
foi-m.

Steganoporella elongata, n. sp. (Pi. XLV., Fig. 31).

Zoarium probably in vincularian form. Zooecia dimorphic,

elongate, arched and overlapping distally. Cryptocyst depressed,

finely perforated; median process produced distally as a hemi-

spherical cup, representing the polypide tube, with a sinus on

each side. Oral arch in the "B" zooecia forming a subtrian-

gular arch.

"A" zooecia 1. to 1.2 mm. long. 0.4 mm. wide.

B " zooecia 1.5 to 1.9 mm. lone, 0.6 mm. wide.
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Locality.—Mornington (Dr. Hall).

This is a small fragment, apparently of vincularian form, not

very well preserved, but quite distinct from the other species.

The ' B " zooecia are very much larger than the " A " zooecia,

which latter are much narrower than those of the other species

described. The polypide tube shows as a hemispherical cup on a

level with the cryptocyst, and there is no indication of its con-

nection with the basal wall.

Thalamopopella airensis, n. sp. (PI. XLV., Fig. .32).

Zoarium in vincularian form. Zooecia elongate, narrow : mar-

gins raised ; distal end arched, occasionally pointed. Thyrostome

arched above, projecting foi'ward ; slightly curved below. Avi-

cularia acute. Ooecia (?) cup-shaped.

Locality :—Aire coastal beds (Dr. Hall).

This is a very narrow celled species, and the zooecia vary a

good deal in form and size, some are curved distally, and some,

more or less pointed. The avicularium, at the top of the speci-

men, bears a long, apparently cylindrical, process distally, but

it is not very well preserved. On one zooecium on the right-

hand side is a cup-shaped process, which is probably the basal

part, of an ooecium.

Thalamopopella dennanti, n. sp. (PI. XLVI., Fig. 33).

Zoarium encrusting, tlat. Zooecia longitudinally disposed, in

straight lines : margins very thin, raised. Cryptocyst flat ; sur-

face with a few small scattered pores, chiefly on the lateral

margins. Thyrostome arched distally, with very thin upper

margin : proximal margin curved and rounded. Ooecia globose,

superimposed on the distal zooecia ; basal wall with a large

central foramen and a small elliptical one on each side.

Locality.—Mitchell River (J. Dennant).

In this species the lateral margins of the zooecia are very

thin, and project above the flat cryptocyst : the margins of the

thyrostomes are raised, the distal having a thin edge ; the

proximal one is rounded, and where it is broken is seen to be

hollow. Only the basal walls of the ooecia are preserved, show-

ing them to be probably globose.
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Cribrilina tenuicosta, McG., sp. (PI. XLVII., Fig. 34).

Membraniporella tenuicosta, McG.

I have included an illustration of a specimen of this species, as

upon it there is an avicularium, which has not hitherto been

recorded. I have assigned the species to Crihrilina, as it evi-

dently belongs to it. Dr. MacGillivray was himself inclined to

do the same.

Aspidostoma otwayensis, n. sp. (PI. XLYII., Fig. 35).

Zoarium in vincularian form. Zooecia elongated, arched

above with a thick, smooth, convex margin, which extends proxi-

mally towards the base, leaving the median portion depressed

on each side, but slightly elevated in the centre. Thyrostome

arched above, curved below, with a narrow lip.

Locality.—Cape Otway (Dr. Hall).

This differs from A. airensis from the Aire coastal beds in the

distal margin of the zooecia, not being produced into a conical

process, and the absence of a sinus at the angles of the proximal

margin of the thyrostome, and the absence of avicularia.

Phylactella bairnsdalei, n. sp. (PI. XLYII., Fig. 36j.

Zoarium encrusting. Zooecia undefined, frontal surface per-

forated with large, somewhat regularly disposed, elongated

pores : two small raised cylindrical processes, with a pore on tlie

summit below the thyrostome ; one close to peristome, the

other lower down and on one side. Peristome tubular, project-

ing forwards and upwards, concealing the thyrostome.

Locality.—Mitchell River (J. Dennant).

The specimen is small, only three peristomes are present, and

there are no pores upon them. The pores are arranged in more

or less regular longitudinal order. This is possibly the species

from the same locality alluded to by Dr. MacGillivray as being

too imperfect for description.

Monopopella venusta, Eichwald. (PI. XLVIL, Fig. 37).

Lepralia venusta Eichwald. Manzoni. Sitzb. d. mathem-

naturw., CI. lix., Bd. 1., Abth. p. 20 (1869).
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Lepralia venusta Eicliwald. Letliaea Rossica, vol. iii., p. 29,

Tav. ii., fi^. 2.

Manzoni, in a paper upon the Italian Pliocene Polyzoa {Briozoi

Fliocefiici Italiani) recordsi in the reference quoted, the occur-

rence of this species in Italy. I have not seen the reference to

" Lethaea Rossica, ' which Manzoni quotes in his paper.

The following is a translation of the principal part of

Manzoni's description:
—

''Cells (zooecia) quincuncially disposed,

rhombic-ovate, rounded distally, partly punctate ; aperture ter-

minal, semicircular or subrotund
;
peristome elevated, six spines

above. Three thick smooth costae, central one attenuated to-

wards the base, lateral ones divergent, surface between the

costae irregularly jjunctate, moderately convex, depressed to-

wards the base." He states the cells (zooecia) are very large,

the dimensions being—height 1 mm., width two-thirds of a

millimetre.

Locality.—Campbell's Point (J. F. Mulder).

The specimen of this species is upon a slide given to me by

Mr. Mulder. It is only an imperfect front wall of a zooecium

;

it agrees in every respect with Manzoni's description and figure,

but only the central costa is present, the lateral ones have been

broken off. It is 0.8 mm. long, and if perfect would have been

quite 1 mm. long, if not more. The punctations are mostly

small hemispherical pits, with a pore in the centre, but in one

pai-t they are crowded and quadrate in shape, and there are

traces of the six spines on the upper margin of the peristome.

Inversiula airensis, n. sp. (PI. XLVIIL, Fig. 38).

Zoarium encrusting. Zooecia ovoid, surface roughly granu-

lated. Tliyrostome transversely elliptical, with the proximal

margin more curved than the distal one : a short spinous pro-

cess, perforated at the summit, on each side below the thy-

rostome.

Locality.—Wilkinson's Xo. -t. Aire coastal beds (Dr. Hall).

This species is very near /. nutrir, recorded by Jullieni, but

it has not the central " fenestrule semilunaire " of that species.

I "Cap Horn," p. 44, jil. 4, fitr. 8.
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Canu, in " Bryozoaires fossiles de I'Argentine "\ gives a figiu'e of

a form which he says is Jullien's species. I do not consider that

this is correct, as it has no fenestrule, but it is more nearly

allied to /. airensis, though it differs from it, as the spinous

perforated processes are situated by the side of the thyrostome

above the iDroximal margin, and not below it, as in both /. nutrix

and /. airensis.

Inversiula quadricornis, n. sp. (PI. XL VIII., Fig. 39).

Zoarium encrusting. Zooecia oval, ventricose : surface per-

forated with radially, but irregularly arranged, narrow slits.

Thyrostouie broad, distal margin nearly straight, proximal

margin curved ; margins thick : two tubular upright cylindrical

processes on each side : a lunate, slightly depressed area below.

Ooecium globose (?).

Locality.—Wilkinson's No. -1, Aire coastal beds (Dr. Hall).

A small fragment of very peculiar structure. The zooecia

are very ventricose, almost globular ; the form of the thyrostome

is not very distinctly shown, as in the left-hand one, the right-

hand margin is obscured by a fragment of calcareous matter, and

of the right-hand one there is only a side view. The four tubular

processes situated close to the margins of the thyrostome are

characteristic. In the lower part of the specimen there is a

circular depression surrounded by a raised margin which I con-

sider is the basal wall of an ooeciumi ; the oval depression on

the right-hand side is apparently the basal part of a zooecium,

but what the small shallow round depression represents is not

evident. The whole structure is very unique, but I think it

may properly be assigned to Inversiula, as the thyrostome has

the proximal margin more curved than the distal one, and it

has the same kind of tubular sj^inous processes as the other

species have.

These species are of interest because, owing to the proximal

margins of the thyrostomes being more curved than the distal,

the opercula were probably hinged at the distal, instead of at

the proximal, margin, as in almost all other cheilostomata.

1 " Anales del Museo Nacional de Buenos Aires
"

Toino xvii. (8er. 3a. t. X.), )>. 2S3, pi. vi., fi(,'. 8.
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EXPLANATION OF PLATES XXXVIL-XLVIII.

Plate XXXVII.

FiiT. 1—Catenicella baiinsdalei. x 48.

2
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Platk XLII.

Fig. 26—Membranipora laevissiuia. x 48.

27— ., ovifera. x 26.

Platk XLIII.

Fig. 28—Steganoporella dennanti. x 26.

28a— ,, bairnsdalei.

Plate XLIV.

Fig. 29—Steganoporella cliftonensis. x 26.

30 — ,, corioensis.

Plate XLV,

Fig. 31—Steganoporella elongata. x 26.

32—Thalamoporella airensis. ,,

Plate XLVI.

Fig. 33—Thalamoporella dennanti. x 26.

Plate XLVII.

Fig. 34—Cribrilina tenuicosta. x 26.

35—Aspidostoma otwayensis. „

36—Phylactella bairnsdalei. ,,

37—Monoporella venusta. x 48.

Plate XLV ITT.

Fig. 38—Inversiula airensis. x 48.

39— ,, quadricornis. „
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Art. XXV.

—

ContribiUions to the Flora of Australia,

No. 16.'

BY

ALFRED J. EWART, D.Sc, Ph.D., F.L.S.

(Government Botanist and Professor of Botany and Plant Physiology
in Melbourne University)

;

JEAN WHITE, D.Sc.

(Lecturer on Botany in Melbourne University)
;

AND

BERTHA WOOD
(Government Research Scholar).

(With Plates XLIX-LVIf.)

[Read 13th October, 1910.]

Acacia Kochii (W. V. Fitzgerald, MS.), Ewart and White, n.sp.

(Leguminosae). (PL XLIX., Figs. 1-5).

Watheroo Rabbit fence, Max Koch, 1905, No.. 1616.

A tall shrub, glabrous, with spinescent branches. Phyllodes

from .5-1 inch in length, and 1-3 lines broad, slightly falcate, with

small pungent points flattened vertically. There is a prominent,

almost central vein, and several prominent lateral veins on each

side, stipules absent. Peduncles solitary, about ^ an inch long,

bearing a small cylindrical spike of about 30-50 crowded flowers.

Flowers 5-merous, sepals united except at the top, where

there are 5 somewhat obtuse lobes. Petals at least twice as

long as the sepals, free and slightly pointed at the fi-ee ends.

Stamens numerous—Fruit much twisted and constricted be-

tween the seeds, 2.5-3 inches in length, pointed at both ends.

The species would come in the Series III., Pungentes of Ben-

tham, on account of its possessing phyllodia, spinescent branches

and cylindrical inflorescence. This last character would place

it into the Sub Series D Spicatae, from which, however, it differs

in having 5-merous flowers. In this respect apparently, the de-

finition of the subseries might be extended. Baron von Mueller

1 No. 15 in Proc. Koy. Soc. Victoria, vol. xxiii., Pt. 1, n.s. (1910;, p. 110.
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placed the sub-section Spicatae under the Juliflorae, which seems

on the whole a less artificial arrangement than Bentham's. This

species is the only one of the Spicatae sub-section found in

West Australia, whereas the remainder of the Juliflorae includes

Western as well as Eastern species. The above manuscript name

was attached to the specimen by W. V. Fitzgerald, but no de-

scription of the plant has hitherto l^een published.

Acacia leptoneura, Benth., var. eremophila, Ewart and White

(A. eremophila, W. V. Fitzgerald, MS.).

(PI. L., Figs. !-4).

Cowcowing, West Australia. Max Koch, 1904, No. 1024a.

The principal characters in this new varietj- are:—Shrubs

\\-2 feet high, the young stems closely covered with woolly grey

hairs. Phyllodia almost terete, but slightly flattened, glabrous,

about 2 inches long, with small recurved points.

The inflorescence is almost sessile, and composed of 10-15,

5-merous flowers. Sepals rectangular, united about half their

length. Petals free, obtuse, smooth. Ovary sessile, nearly gla-

brous. Pods (only seen when young) \-\ inch in length, and

less than 1 line in breadth, very much twisted and covered with

dense woolly grey hairs ; not constricted between the seeds.

This specimen was made into a new species by W. V. Fitz-

gerald, but no technical description has been published hitherto.

The chief difference between it and Bentham's description of

leptoneura is that there are fewer flowers in the head than
in the typical A. leptonetwa, and hence the heads are smaller.

The No. 1338a, of Max Koch appears to be typical A. lejJtoueura,

but has no fruits.

Of two fruiting specimens placed under A. leptoneura by

Baron von Mueller, one (Mt. Jackson, Young, 1875), has pods

6 centimetres long, by about 2 millimetres broad, not or veiy

slightly constricted between the seeds, the other (Mrs. Heal,

Swan River, 1890), has pods 3 or 4 centimetres long, little more

than a millimeti-e broad, and strongly constricted between the

seeds. This was at first considered the type of a new species, but

subsequently placed by Mueller under A. leptoneura. If so, it

represents a well-marked variety, but both these fruiting speci-
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mens are without tlowers, and hence their correct identification

is uncertain.

Acacia ewartiana (W. V. Fitzgerald, MS.), White, n. sp.

(PI. L., Figs. 5-7).

Cowcowing, West Australia, Max Koch, 190-i, No. 998.

A shi-ub 2-3 feet high.

Stems nearly terete, glabrous.

Phyllodia nearly terete, somewhat curved with several longi-

tudinal veins, rigid, usually ^-| inch in length, rather obtuse at

the tip, where there is a smiill straight or very slightly hooked

pungent point, distinctly articulated on the stem. Scattered

stipules either absent or deciduous. The heads are very small

and globular, measuring about 1 line in diameter, and composed

of about 10 small 5-merous flowers , axillary, solitary, on

slender pedicles of 1-1|- lines in length. Bracts broad, pointed

at the ends, brown.

Sepals only united at the extreme base, not exceeding half

the length of the petals, obtuse, edged with short processes.

Petals united about i their length, the 5 lobes being rather

smooth, obtuse.

Stamens numerous. Ovary sessile, glabrous. Fruit not seen.

Acacia Ewartiana seems to fall under Series III. Pungentes

(Benth.), except that the phyllodia are slightly obtuse.

It apparently comes nearest to Acacia striatula, but dijffers

in the following characters.

(1.) The branches are not minutely pubescent.

(2.) Tlie phyllodia ai-e not tapering.

(3.) The flowers are not numerous on the heads.

(4.) The midribs are not prominent in the petals.

Aloe akborescens. Miller. (Liliaceae). " Tree Aloe."

Mentone, Miss A. Tovey, July, 1910.

Growing as a garden escape on the railway line at Mentone.

It is a native of South Africa, and bears a handsome spike of

red flowers.
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Angianthus lanigkrus, Ewart and White, n. sp. (Compositae).

(PI. JJ., Figs. 1-5).

Wooroloo, Max Kocli, 1907, No. 1873.

Herbs 4-8 inches in height, stems freely branching, especially

towards the top, glabrous when old—when young covered with

dense white woolly hairs. Leaves .5-1 inch long, sessile, linear,

pointed, but expanded and slightly ensheathing at the base,

more or less covered with white hairs, alternate. Inflorescence

solitary, axillary, 2-3 lines in diameter, ovoid-convex, surrounded

bv an involucre of foliose, lanceolar, rather pointed bracts, which

are covered with white woolly hairs, and have very small mem-

branous margins, and are about "2 lines in length, being longer

than the florets. Thei-e is an inner circle of flat, membranous

bracts, which are obtuse, and provided at the top with a tuft of

hairs, and have a very small foliose portion in the centre.

Partial heads 1-flowered suri'ounded by 3 membranous bracts

all of which are lanceolar, obtuse at the top, where also there

is a tuft of hairs, and all are more or less concave. The pappus

is absent, and the florets are pale yellow in colour, and 5-merous.

and not thickened at the base except as the fruit begins to ripen,

when the base becomes very slightly thickened. Achenes slender,

pale in colour, about one-third the length of the floret, some-

what tapering at the base.

The species seems to be nearest to Angianthus strictus, to

which it was referred as a variety in the Contributions to the

Flora of Australia, No. 12 (Proc. Roy. Soc. of Victoria 22, 1909,

p. 92). It differs in the following respects:—
(1.) The bracts surrounding the compound head are broader

and much less pointed.

(2.) The whole inflorescence is much more woolly.

(3.) The number of bracts surrounding each partial head is

3 (rarely 4), instead of 2.

It lias been refei'red to A. Preissianus by another botanist, but

differs from that species in the following respects:—
(1.) The plant is much larger and more vigorous, and branches

more freely.

(2.) Tlie bracts of the partial heads are more concave, and

each has a fringe of hairs on the upper margin.
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(3.) The tiorels have not the thickened base of A. I'rtissianus.

(4.) The jiartial heads are always 1-flowered.

(5.) There is no pappus.

(6.) The florets are 5-uierous.

(7.) Tlie aehene is nmeh more slender, longer and light§r in

colour.

Aspi.KN'iUM FURCATUM, Tliunb. (Filicineae).

Lowden. Preston River, West Australia, Max Koch, Oct., 1909.

No. 1927.

Ausi'KALlNA FUSILLA, Gaud. (Urticaceae).

The plant is given in the last (Jensus as from Victoria, Tas-

mania, New South Wales and Queensland. This is because

Mueller considered A. pus ilia and A. Mueller i, Wedd., to form

one species. They are undoubtedly distinct. A. Muelleri occurs

in Tasmania, Victoria, New South Wales, and possibly also in

(^•ueensland, although no Quensland specimens have been seen,

and Bailey gives it as from Queensland on Mueller's assertion

alone. A. pusilla is confined to Tasmania of the Australian

States, although it is also found in New Zealand.

Banksia INTKGKIFOLIA, L.til. (Proteaceae).

Mt. Redman. Grampians, A. G. Campbell, Sep., 1910.

Smooth leaved forms on exposed highlands from 2500 feet,

forms with leaves mainly with serrated edges at 1500—2500 feet

in gully heads.

Banksia mar(;inata, Cav. (Proteaceae).

Mt. Redman, Grampians, edge of highland morass, A. G.

Campbell, Sep., 1910.

(The leaf often closely resembles that of B. collina, which is

recorded from Mt. Ararat, and is distinguished by its larger

flowers and strongly hooked styles.)

Bartsia tkixago, L. (Scrophulariaceae). " Trixago Bartsia."

Near Newstead, County of Talbot, F. M. Reader, 31/10/1909.

A new locality in Victoria for this naturalised alien. Pre-

viously recorded from Broadmeadows.
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BoKONiA DENTICULATA, Sm. (Rutaceae).

Donnybrook, West Australia, Max Koch, Oct., 1909. No.

1934.

The specimen has the hirger sepals and more umbellate in-

florescence of ]i. fast If/ lata, Bartl., but has the longer pedicels

of B. denticulata. Other specimens join these two species, and

justify Mueller's inclusion of B. fastigiata as a variety of B.

denticulata. The distinctive features are the inflorescence,

leaves and sepals, all of which are variable and occur in various

combinations.

Caladenia latifolia, R.Br., var. glandula, Ewart and Wood,

new var. (Orchidaceae).

Lowden, Preston River, West Australia, Max Koch, Nov. and

Dec, 1909. No. 1944.

The plant is somewhat more hairy and the leaves are shorter

and narrower. The chief differences, however, are in the flowers.

The perianth segments are dotted closely on the outer surface

with brown glandular hairs, especially towards the ends, and

they are more blunt than in the type Caladenia latifolia.

Owing to the lesser number of hairs, the veins show up

more clearly on the perianth of Caladenia latifolia. The

labellum in each is three-lobed, but in the variety, the middle

lobe is shorter than that of the type, and its margin is dis-

tinctly crenate. The flowers are pale yellow instead of pink or

white, as in the type.

Caladenia Patersom, R. Br., var. dilatata. (Orcliidaceae).

Lowden, Preston River, West Australia, Max Koch, Oct. 1909.

No. 1930.

Calocepiialus Skeatsiana, Ewart and White. (Compo.sitae).

Mr. Max Koch writes that the habit of this plant is quite

prostrate, the numerous branches are flat on the ground.
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CoNYZA SCAIUOSAKFOLIA, Reiiiy. (Coiiipositae). " Rough

Couyza."

Governinent House Reserve, April. 1897, J. R. T'ovey ; Elstern-

wick, July, 1910, Gordon Parker.

This plant is a native of Chili, and appears now to be defi-

nitely established as a naturalised alien in the Melbourne district.

It was oriirinally identified by Mr Luehniann as Conyza aegyp-

tiaca, Aiton., a native of North Australia and Queensland, as

well as of Asia and Africa. It differs from that species in the

involucre, indumentum, leaves and achene. The plant appears

to have oriirinally escaped from the Botanical Gardens, its

pappus bearinir seeds being readily carried by the wind.

CoTULA AUSTitALIS, J. Hook. (Compositae).

Lowden, Preston River, West Australia, Max Koch, Sep., 1909.

No. 1929.

CoTULA COKONOPIFOLIA, L (Conipositae).

Lowden, Preston River, West Australia. Max Koch, Sep., 1909.

No. 1936.

Darwinia citriodora, Benth. (Myrtaceae).

Lowden, Preston River, West Australia, Max Koch, Oct., 1909.

No. 1941.

Eremopiiii.a -Merralli, F.v.M. (Piioliijia coerulka, Spencer

le Moore). (Myoporineae). (PI. LITI., Figs. 1-3, 7).

The first name is given in the Kew Index, but occurs as a

nomen nudum without description in the Victorian Naturalist,

vol. ix., p. 63, 1892. The unpublished manuscript description

attached to the specimen by Mueller, is given beneath :
—

" Vestiture copious, consisting of ramified spreading hairlets

:

leaves small, crowded, sessile, somewhat semi-cylindric, blunt,

bearing on tlie lower side hemispherically protruding resinous

glandules : flowers small, singly sessile, in the axils of leaves

towards the end of the branches; segments of the calyx almost

linear, acute, lanuginous : corolla twice or thrice as long as the
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calyx upwards blue, near its base suddenly cylindrical narrowed

outside, rather sparsely beset with soft hairlets inside, at and

towards the lowest lobe bearing long tender intricate hairlets,

the two upper lobes deltoid, the two lateral lobes ovate-senii-

lanceolar, the lowest lobe more roundish, stamens all shorter

than the corolla, their anthers bluish ; style nearly glabrous ;

ovulary densely beset with white appressed hairlets."

Eremophila Merralli is quite distinct from the type Ererno-

jihihi gibhosifolia (pi. liii.. f. 4-6). The calyx of EremojJhila

gibbosifolia is glabrous, whereas that of Ere?nophila Merralli

is densely hairy. Also the corolla of the latter is sparsely

beset with hairlets outside, and inside the few branching

hairlets are found near the lower lobe, the lateral lobes are

almost acute, and the tw^o upper lobes are small and deltoid.

The corolla of E. gibbosifolia is glabrous outside, and inside

the lower lobe bears a dense soft mass of hairlets.

The fruits differ in shape and hairness, as shown on the plate.

The fruit of E. Merralli is a bi- tri- or quadrilocular drupe, with

one seed in each loculus, a thin fleshy mesocarp, and a hard

stony endocarp.

The Elder expedition specimen, as well as the Pliolidia

coerulea of Spencer le Moore, which he considers to be the same

plant, seem to resemble Erf-niopliihi Merralli closely, and the

former specimen was, in fact, labelled by Baron von Mueller as

E. Merralli. The calj-x is less hairy, and in this respect Spencer

le Moore's specimens, which were distinguished by him as a

separate species " Pholidia roeruha,^' show an approach towards

E. gibbosifolia, but the difference is hardly sufficient for the

recognition of a distinct species or even variety. The question

of priority is a matter of some difficulty in this case, assuming

Pholidia and Ertmopliila to be interchangeable, but Mueller's

name has been accepted in the Kew Index, as well as at

the National Herbarium for many years, and it is possible a

description may have been published in some out-of-the-way

publication, although no record of it can be found.

Wangering, West Australia, R. Helms, 14/11/91 (Elder ex-

ploring expedition). Parker's Range, West Australia, E. Mer-

rall, 1891; L. Deborah, near Mt. Moore, 1,SS9, E. Merrall
;

Gibraltar, West Australia, S. Le Moore. Oct., 189;").
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Eriostkmon linearis, Ounn. (Kutuceae).

Coweowing, West Australia, Max Koch, Oct., 1909, No. 1231.

New for West Australia, only known previousl}' froin South

Australia and New South Wales. Mueller, in his later years,

evidently considered this to be a variety of E. difformis, A.

Cunn., but the species difi'er in several respects, particularly in

the leaves and inflorescence.

Eryn(;ium rostratum, Cav. (Umbelliferae).

Lowden, Preston River, West Australia, Max Koch, Sep.,

1909. No. 1593.

(tastkolobium spinosum, Benth. (Leguminosae).

Lowden, Preston River, West Australia, Max Koch, Oct., 1909.

No. 1940.

Grevillea oxystiGxMA, ivleissn. (Proteaceae).

Lowden. Preston River, West Australia, Max Koch, Sep., 1909.

No. 1948.

Hakea sulcata, K. Br., var. intermedia, Ewart and White,

new vai'. (Proteaceae).

Cowcowing, West Australia, Max Koch, 1904. No'. 1056.

This variety seems to be nearest to Hahea sulcata, var. sco-

paria, from which it differs, however, in being of a more

slender type, in having less sulcate leaves, and in possessing a

prominent ridge round the stigmatic cone.

In this last respect, it resembles the typical //. sulcata from

which, however, it differs in the following characters:—
(1.) The leaves are much longer, and are not so prominently

sulcate.

(2.) The pedicels usually slightly exceed 1 line in length.

(3.) The hypogynous gland is much longer and more con-

spicuous.

HAL(iANiA LEHMANNIANA, Soiid. (Boragiuaceae).

In the Contributions to the Flora of Australia, No. 13 (Proc.

of the Royal Soc. of Vict., vol. xxii., p. 321), after Halgania
Lehmanniana, Sond., for (Solanaceae), read (Boraginaceae).
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HiBBKRTiA MONTANA, Steud., var. CONFKKTIFOLIA, (Dilleniaceae).

Lowden, Preston River, West Australia, Max Koch, Oct., 1909.

No. 1950.

Hypocalvmma robustum, Eudl. (Myrtaceae).

Donnybrook, Preston River, West Australia, Max Koch, Sep.,

1909. No. 1949.

JuNCUS BUFONius, L. (Juncaceae).

Lowden, Preston River, West Australia, Max Koch, Oct., 1909.

No. 1938.

JuNCUS homalocaulis, F. v. M. (Juncaceae).

Lowden, Preston River, West Australia, Max Koch, Oct., 1909.

No. 19.39.

Labichea punctata, Benth (Leguminosae).

Lowden, Preston River, W^est Australia, Max Koch, Sep., 1909.

No. 1947.

LiNUM albidum, Ewart and White, a.sp. (Liiiaceae). " Rodway

Flax." (PI. LIV., Figs. 1, 2, 4).

Western mountains, Tasmania, 4000 feet altitude. L. Rodway.

A glabrous herb from about 6 inches to 1.5 feet high. Steins

slender, upright, and rather ribbed, with few basal leaves.

Leaves 2 lines to half-an-inch length, alternate, lanceolate,

pointed, exstipulate, sessile, but slightly ensheathing and nar-

rowed at the base.

Inflorescence as in Linurn marginale, forming a loose irre-

gular,terminal corymb. Sepals 2-3 lines long, ovate, lanceolate,

acuminate, with a narrow scarious margin as in L. marginale,

but they differ from this species in not possessing a very pro-

minent midrib, the sepals have a more loigose surface, and a

broader membranous base.

Petals whit-e, about twice as long as the sepals.

Stamens 5 united into a basal ring, the 5 staminodia being

represented by minute points attached to the ring, alternating
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with the stamens and opposite the petals. Ovary similar to

that, of the L. uiarginale, but a little moi'e convex at the top.

Style about half-a-line in lenofth, and the branches only united

about ^ oi' their length, the free parts radiating, and with a

slightly pappuU)se terminal stigma on each. Fruit a superior

capsule, dividing into 5 cocci, with 2 small flat seeds in each

compartment. The plant does not appear to agree with any

non-Australian Linums. It was found in a district not invaded

by aliens, and was sparingly distributed over an area of some

miles. There seems to be no doubt that it represents an un-

described species of very restricted range, and is of especial

interest as forming an addition to a genus represented in Aus-

tralia by a single endemic species.

LiNUM (iALLlcuM, L. (Linaceae). "Yellow Flax."

Cheltenham, Dec, 1873 ; Warragul, Gippsland, 1904 ; H. B.

Williamson.

This European Flax with small yellow flowers was recorded

in Bentham's Flora as naturalised in New South Wales round

Piirramatta (also Sydney), but has not previously been recorded

for Vif:toria.

LiNUM GRANDiFLORUM, Desf. (Linaceae). " Splendid Flax."

Barrier Range, New South Wales, E. Wehl, 1887.

Probably only a garden escape.

LocMNiA siCHPYLLiFOLiA, R. Br. (Logaiiiaceae).

Lowden, Preston River, West Australia, Max Koch. Sep.-Nov.,

1909. No. 1932.

MoNOTAXis OCCIDiiNTALis, Eiull. ( Ku[)liorljiHceae).

Lowden, Preston River, West Australia, Max Koch, Sep. -Nov.,

1909. No. 1916.

Pascalia glauca, Oi-teg. (Compositae). " Pascal ia."

A,scot Vale, Melbourne, 0. Youngiiian, Aug. 1910.

This plant, a native of Chili, has hitherto only been recorded

from the Railway Reserve at North Melbourne. It is evidently



296 Ewart, White and Wood:

raturalising itself in the Melbourne district. It does not appear

to be either actively useful or actively injurious, but is useless

for fodder, and has no known economic or poisonous properties.

PoRANTHERA HuEGELii, Klotz. (Eupliorbiaceae).

Lowden, Preston River, West Australia, Max Koch, Oct., 1909.

No. 194.3.

Sagina apetala, L. (Caryophyllaceae).

Lowden, Preston River, West Australia, Max Koch. Oct., 1909.

No. 1928.

Sarga, Ewart, new genus. (Graniineae).

Spikelets one-flowered on hliforui pedicels, in groups of .3.

One hermaphrodite spikelet being situated below 2 male spike-

lets, the rachis of each group of 3 spikelets being articulated

below the glumes of the hermaphrodite spikelet ; the part of

the rachis above the articulation foi'ming a sharp-pointed stipe

to the fruit.

Glumes 3, the two outer unawned, and hardened when the

fruit is ripe, the flowering glume membranous and awned in the

hermaphrodite flower, unawned in the male flowers.

Awn dorsal and persistent, and bent about one-third of its

length from the glume, the part below the bend being sjiirally

twisted.

Stigma lobes covered all over with rather long processes.

Caryopsis narrow, and enclosed in the persistent, hardened

sterile glumes.

The genus belongs to the group Agrostideae (Engler and

Prantl). Owing to its having a membranous flowering glume,

it falls under sub-group B, and under the section d of Engler

and Prantl's Pflanzenfamilien, because the stigmatic lobe have

processes situated all round them. It belongs to the same

Sub-section as the genus Limnas, from which, however, it differs

in the following important respects:—
(1.) In height and general habit Limnas is a short, slender

type of grass.

(2.) All the spiivelets in Limnas are hermaijhrodite. and they

do not occur in definite groups of 3.
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(3.) The ;nvn is short.

(-i.) In Lininas, the style branches ure united above the middle

oi' their lenfjth.

The fact that the elassitication adopted for the Agrostideae

brings these two widely dissimilar grasses close together is sutfi-

cient to show its artificial character. The fruit of Sarga shows

niuch external resemblance to that of Stipa. This would be

still further increased by the loss of the lateral male spikelets

aiid their stalks, leaving the short pointed disarticulating com-

mon stalk as the basal point of the Stipa fruit. The latter is,

however, within the outer ghimes in Stipa, but below them in

Sarga, so that the two mechanisms are morphologically dis-

similar, in spite of their honmplastic resemblance.

This feature, and the readily separated awn of Sarga, thus

shows the lieginnings of a parallel development of the dispersal

mechanism, so highly perfected in Stipa. On l>entham's classi-

fication, the grassi would form the type of a new sub-section

" Sargaceae ' intermediate between the Stipaceae and Agrosti-

deae, and with the following characters:—
" Spikelets one-tlowered, two njale spikelets, and a single

hermaphrodite one, on a common stalk : awn long, dorsal, loosely

attached, twi^ited and bent : fruiting gliuue thin, but the fruit

enclosed by the outer hard persistent glumes, and the persis-

tent pedicels of the male flowers, hairs present on the pointed

axis below the articulation of the 3 spikelets.''

Sah<;a stipoidka, Ewart and White, n. sp. (Gramineae).

(PL LV., Figs. 1-7).

Stems very long, round, solid, with SM'ollen nodes, attaining

5 to 8 or 10 feet in height, and 4 to 10 cms. in diameter; appa-

rently perennial at the base'—erect, glabrous, with conspicuous

nodes. Leaves about 4 lines in breadth, with a very promi-

nent central midrib, glabrous on the upper surface, but very

.slightly hairy underneath, with short split sheaths at the base, and

longer ones enclosing the stem higher up. Ligule small, mem-
branous, the notch between it and the stem filled with hairs.

Panicle loose, about 1 foot or a little more in length, pedicels

very slender and numerous, situated in whorls along the main
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axis 1-5 inches apart, and closer toAvards the top. The com-

mon pedicel to each group of 3 spikelets about 2-6 inches, bear-

ing terminally a hermaphrodite spikelet and 2 lateral male

spikelets on stallvs of slightly unequal length. The common
pedicel above the oblique pointed articulation, possesses com-

paratively long silky white hairs, which turn brown when the

fruit is rijDe, the stalks of the 2 male spikelets are edged with

a row of similar hairs, are broader than the common pedicel

and are slightly flattened. There are 2 keel-shaped empty,

unawned, sterile glumes in both kinds of spikelets, about 3 lines

long, and covered externally with soft white hairs. In the

hermaphrodite spikelet, they are rather hard and rigid, and

wrapped round the gynaecium, and their extremities are blunt

and shortly bilobed. In the male spikelets, they remain more

or less membranous, and their extremities are acuminate.

There is one transparent, flowering glume, which, without the

awn, is about | the length of the outer glumes. The twisted

awn is attached to the back of the flowering glume near the

base, is sharply bent, measures 3-4 inches in length, and is

hairy at the edges.

The Pale is membranous, transparent, 2-nerved, a little

shorter than the flowering glume.

Stamens 3, similar in Ijoth kinds of flower.

Ovary free from the glume, styles 2, very fine, united for

about \ of their length— 1-H lines long.

Stigmas about 1 line long, pointed at the end.

Fruit surrounded by the persistent glumes, which are dark

brown, shining, and almost glabrous when the fruit is ripe, and

also by the persistent, flattened pedicels of the male spikelets.

Caryopsis about 2 lines long. Starch grains simple and com-

pound, but mostly simple.

Prince Regent's River, North-West Australia, Bradshaw and

Allen, 1891 ; Napier, Broome Bay, North-West Australia, G. F.

Hill, 18/5/10. No. 161.

This large and striking grass, with almost cane-like stems and

solid internodes. filled with loose pith, comes from a district

hitherto little explored, and may possibly be only locally dis-

tribiited. It is apparently a semi-aquatic reed-like grass. The

leaves and young shoots seem to be nutritious, and the loosely
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awiied fruits would be less obnoxious than tliose of Stipa.

The stems are, however, too hard to be of much use for fodder,

though softer and more slender in young plants.

ScHOENus ODONTOCARPUS, F. V. M. (Cyperaceae).

Lowden, Preston River, West Australia, Max Koch, Oct., 1909.

No. 19.37.

SoLANUM NUMMULARIUM, 8peiicer le Moore (Journ. Linn. kSoc,

34, p. 205), = S. ORBICULATUM, Dun. (S(jlanaceae).

This is a somewhat dwarfed form of the above species. The

characters relied on to distinguish it—rustiness of tomentum,

smaller flowers with narrower corolla lobes, smaller leaves, and

more pointed anthers—vary independently of each other on

certain specimens. The Elder exploring expedition specimens

from, Fraser Range and L. Deborah, have these characters

united, as in Spencer le Moore's specimen, and were placed by

Tate and also by Mueller under »S'. orhirulatum. That from the

Victorian Desert Camp, 54, has the rusty tomentum combined

with large leaves (up to 1 inch in length and breadth), and

large flow-ers, but relatively narrow corolla lobes. On most

specimens the leaves are less than h inch long.

Stylidium alsinoiuks, Dv. Br., vai-. cordikolium. (Stylideae).

(PI. LVI).

This plant has been considered by certain West Australian

botanists as a distinct species, on the basis of the following

features :

—

Branches, angled or winged, leaves cordate, or ovate and

sessile, the two lower calyx segments connate to above the

middle, and the segments of the corolla also more united. These

are, however, all independently variable characters, the most

marked tendency being to the sessile cordate leaves, thus justi-

fying the recognition of a variety with various intermediate

forms, but not of a distinct species.

Various localities in West Australia, also in North Australia,

Port Darwin, M. Iloltze, 1890. No. 1171. And in North-West
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Australia, Isdell River, Graces Knob, Messmate Creek in Pack-

house Ranue, between Isdell Ranp^e and Mt. Bartlett.

The figures on the plate are all of S. alsinnides, with the

exception of that on the right, which represents the variety

cordifoJium.

The name " Sti/Iidiiim " was altered by Baron von Mueller

to " Candolha" the plants under this genus in the Dillenia-

ceae being transferred by him to Hihhertia. The original change

of CandoUea (ISO'S) to Stylidium (1806), was accepted by

Labillardiere, and all the species described under that name by

Labillardiere, and all subsequent a.utho.rs, including Mueller, up

to 1873. The synonymy on which Mueller proposed to upset the

established nomenclature has been shown in Engler's Pflanzen-

familien (III., 8, p. 2'80), to be incorrect, or at least doubtful.

Stymdium ciliatum, Lindl. (Stylideae).

On sand plains, Lowden, Preston River, West Australia, M.

Koch, Oct., 1909. No. 1931.

Stylidium cuassifoijl'm, R. Br. (Stylideae).

In swamjDS, Lowden, Preston River, West Australia, Max Koch,

Oct., 1909. No. \Mi.

Stylidium klongatum, Benth. (Stylideae).

(PI. LVIL, Fig. I-IO).

The central figure in the plate is a fairly close reproduction of

Bentham's original specimen. The degree of hairiness of the

flower axis varies, as also does the length of the corolla lobes,

their margins, the shape of the labellum, and the appendages.

<S'. elongatuin var. yJahricaule, F. v. M. (pi. LYIL, fig. ll-li)

has a glabrous scape, a more pointed labellum, and no appendages

t-o the corolla, besides being a taller, stouter form almost worthy

of specific rank. Various localities in West Australia.

Stylidii M RKDiJFLiCATUM, R. Br. (Stylideae).

On rocks, Lowden, Preston River, West Australia. Max Koch,

Oct., 1909. No. 1933.
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TlLLAKA MACKANTHA, Houk. (Ciassulaceae).

lu moist jiUices, Lowden, Preston River, West Australia, Max
Koch, Oct., 1909. No. 1935. New to West Australia.

TiLLAEA PK.DiCKLi.osA, F. V. M. (Crassulaceae).

Kangaroo Island, A. J. Campbell, Dec 1905. Apparently

unrecorded for the island.

TuicoRYXE ELATIOK, R. Br. (Liliaceae).

Lowden, Preston River, West Australia, Max Koch, Oct., 1909.

No. 1945.

Yekticordia cunninghami, Scliau. (Myrtaceae).

Napier, Broome Bay, West Australia, G. F. Hill, 14/10/1909.

No. 3. And 22/5/1910. No. 192.

In old flowers, the style projects to a length of a centimetre

bevond the flowers.

VErrncoKDiA uklmsii, 8. le Moore. (Myrtaceae).

This plant, described by S. le Moore in Journal of the Lin-

nean Society, vol. 34, p. 190, was classed by Baron von Mueller

as a variety V. jiicta, Endl. (F. 'picta var Youngii). Tliough

close to that species, its elevation to^ specific rank seems justi-

fied by the obtuse leaves, smaller petals and flowers, glabrous

Style, etc. No intermediate forms appear fo occur.

Additional localities are:—Between Victoria Spring and

Ularing, Jesse Young, Oct., 1875 ; Golden Yalley, 1888, and

near Mt. Moore, 1889, West Australia, E. Merrall ; Victoria

Desert Camp 57, R. Helms, Sept., 1891.

Xeuotes fimhkiata, F. v. "SI. (Liliaceae).

Cowcowing, West Australia, Max Koch, Dec, 1904. No. 1014.
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EXPLANATION OF PLATES XLIX-LVII.

Plate XLIX.—Acacia Kochii, Ewart and White.

Fig. L—Portion of a branch. Natural size.

2.—Leaf. Natural size.

3.—Inflorescence. Natural size.

4.—^Flower. Enlarged.

5.— Fruit. About twice the natural size.

Plate L.—Acacia leptoneura, Benth. var eremophila, Ewart

and White, and Acacia Ewartiana, White.

Fig. 1.—Small portion of flowering branch of A. leploHeuni var.

eremophila. Natural size.

2.—Flower of same. Enlarged.

3."—Gynaecium of same. Eiilai-ged.

4.—Young fruit of same. Twice natural size.

5.—Small portion of flowering branch of A. Ewartiana.

Natural size.

6.—Flower of same. Enlarged.

7.—Gynaecium of same. Enlarged.

Plate LI.

—

Angianthus lanigehus, Ewart and White.

Fig. 1.—Small portion of a flowering branch. Natural size.

2.—Outer bract from involucre. Enlarged.

3.—Inner bract from involucre. Enlarged.

4.—Concave bract surrounding partial head. Side view

Enlarged.

5.—Single floret.

Plate LII.—Caladenia latifolia, R. Br. var. glanduln.,

Ewart and Wood ; and C. LATIFOLIA, R. Bi".

Fig. 1.— Plant of Caladenia latifolia var. olandula.

2. — Flower of same.

3.—Labellum of same.

4.—Labellum of Caladenia latifolia. Type form.

5.—Flower of same.
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Plate LITI.—P^remophila Merualli, F. v. M.;

and E. (iiuBOSiFOLlA, F. v. M.

Fig. 1.— Portion of plant of Eremophila Merralli.

2.— Flower of same.

3.—Corolla of same cut open.

4.—Flower of Eremopliila ^i:;ibbosifolia.

5.— Section of fruit of same.

6.—Section of fruit of Eremophila Merralli.

7.—Fruit of Eretiiof^hila gibhflsijolia.

8.—Fruit of Eremophila Merralli.

Platk LIV.—LlNUM ALBIDUM, Ewart and White, and

liiNUM jMARginale, Cunn.

Fig. 1.—Flower with petals removed. Enlarged.

2.— Gynaecium. Enlarged.

3.—Gynaecium of Liniim >nnrgi?iale. Same scale as 2.

4.—Upper part of a plant. Natural size.

Plate LV.—Sarga stipoidea, Ewart and White.

Fig. 1.—Small portion of panicle, from which most of the spike-

lets have dropped off. Natural size.

2.—Very small portion of leaf. Magnified.

3.—Characteristic group of 3 spikelets. Magnified.

a. common pedicel.

b. hermaphrodite spikelet.

c. stalk of male spikelet.

d. Male spikelets.

4.—Male spikelet opened. Magnified.

a. Sterile glumes.

b. Flowering glume.

c. Pale.

d. Anther.

5.—Hermaphrodite spikelet opened. Magnified.

a. sterile glumes.

b. flowering glumes.

c. Pale.

d. Anther.
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e. Stigiiiatic globe.

f. Awn.

6.—Gynaeciuiii of hermaplirodite flower. Greatly niagnitied.

7.— Fruiting spikelet. Magnified.

a. Pointed end of common pedicel.

b. persistent stalks of male spikelets.

Plate LVI.—Stylidium alsinoides, R.Br.

Fig. 1.-—Entire plant.

2.—Flowering branches.

3.—Flower.

4.—Tip of flower enlarged.

5.—Apex of column. Front view.

6.—Apex of column. Back view.

7.— Longitudinal section of ovai'v.

8.—Apex of same, cut through septum.

9._Seed.

10.

—

S. alsinoides, var. cordifoliian. %

Plate LVII.—Stylidium elongatum, Benth. (Figs. 1-10)-

(Stylideae).

Fig. 1.— Entire plant.

*2.—Young flower

3.—Flower from front with labellum appendage and a

bract at the back.

4.—Flower at back.

5.—Labellum.

6.—Glandular hairs.

7.—Portion of leaf, back and front.

8.—Back and front view of apex of column.

9.—Vertical section of ovary.

10.— Seed magnified.

S. ELONGATUM var. GLABRICAULE.

Fig. 11.—Apex of scape.

12.—Flower from front.

13.—Labellum.

14.—Apex of column, l^ack and front view.
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Aki'. XXVI.

—

N<'U' or Li.ttl.e-Knoiun Victorian Fossils in

the National Miiseivm.

Pakt XI r.

—

On a Trilobite Fauna of Upper Cambrian

Aoii (Olknus Skriks) in N. E. Gippsland, Victoria.

By KREl:)EKrCK CHAPMAN, A.LS., &c.

(Palaeontologist to the National Museum, Melbourne).

(With Plates LVIII.-LXI.)

[Read 13th October, 1910.J

Introduction.

A preliiuinarv note has already been writteni touching briefly

ujKin this interesting collection of fossils, which were obtained

by Mr. E. 0. Thiele, B.Sc, F.G.S.. from the Dolodrook River

in the Mt. Wellington District of N.E. Gippsland. In that note

the writer recorded the occurrence of Agnostus, together with

some, at that time, doubtful jJortions of opisthoparian trilobites,

of which only parts of the cephala and the pygidia were pre-

served. The latter specimens, it was then suggested, might pos-

sibly belong to (?) Clieirurus and (?) Proetus. An exhaustive

examination of these fragments, of which there are many, has

shown, however, that the two doubtful forms last mentioned

really belong to Crepicephalu-s and PtychoiJaria, both of which

are generic types of strong Cam,brian affinities. Further than

this, the prolific remains of Ac/nostiis, of the type of A. pisi-

formis, practically fix the age of the trilobite limestone as Upper

Cambrian.

The pale grey crystalline limestone, found in apparently the

same l^elt as the dark grey trilobite rock, contains V)racluopods

and a (?) Girvaiiclla. The brachiopods are somewhat large for

Cambrian forms, and belong to the group Pl/^rfort/iis. This sub-

genus of OrfJi/s has not been found below the Lower Ordovician

in the North xVmerican region, where it is best known ; but in

1 F. Chapman. Proc. Roy. Soc. Vic, vol. xvi. (n.s.), pt. i., 1!)0S, pp. -208, 269.

6
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Great Britain one of its nieniibers, 0. (Plectorthis) hicksii, David-

son, is a characteris'tic fossil of the Middle Cambrian (Meneviaa

Beds). In China the same type of shell is seen in 0. linarssoni,

Kayser, from the rocks of Ta-ling. This species of brachiopod

is found, according to C. D. Walcott, in both the Middle and

Upper Cambrian faunas of China.l

The brachiopod limestone was found at a spot close to Roan

Horse Gully, a tributary of the Dolodrook River, whilst the

trilobite limestone occurred on the Dolodrook River at the wes-

tern end of the belt. 2 Regarding the stratigraphy of the ex-

posures of limestone, Mr. Thiele has remarked as follows^ :
—

" These rocks occur a,s a number of small lenticular outcrops

along a line conforming in general to the strike of the [Upper]

Ordovician rocks, and a short distance away from the serpentine

belt, on its south-western side." The bed of limestone at Roan

Horse Gully is referred to by Mr. E. J. Dunn^ as follows:
—

" It

appears to be resting on the serpentine. It may belong to the

series of beds exposed at the junction of Thiele's Creek and Dolo-

drook Creek, where there is another outcrop. A third outcrop

occurs a few chains above the junction of Black Soil Gully w^ith

Dolodrook Creek, on the west side of the latter creek. These

limestone outcrops all appear to be of the same age, and the

last-mentioned is said to be traceable at intervals for a mile in

a south-west direction." Mr. Dunn further remarks :

—
" The

sedimentary beds now stand at an angle of 80 deg. to 85 deg."

In view of the present discovery of undoubted Cambrian rocks

in Victoria, it will be interesting to examine at a later date

some further evidence, lately obtained, regarding the Heathcote

(Knowsley) trilobite fauna ; as well as that of certain fossils

obtained near Mansfield douljt fully referred to the Cambrian.

Respecting the Knowsley trilobites, Mr. R. Etheridge has already

given copious notes^ regarding the relationship of Diuesus to

1 Proc. U.S. Nat. Mus., vol. xxix., 1906, pp. 4, 5.

2 Consult map in O. E. Thiele's "Notes on the Dolodrook Serpentine Area and the Mt.

Wellinffton Rhyolites, North Gippsland." Proc. Roy. Soc. Viet, vol. xxi. (n.s.), pt. i., 1908,

pi. xi., facing p. 268. The trilobite occurrence is there marked L. 1, and tiie bracluopod lime-

stone L. 4.

3 Loc. supracit., p. 263. See also Vict, Nat., vol. xxiv., 1907, p. 20, where .Mr. Thiele

states that the limestone is surrounded hy the graptolites slates.

4 Rec. Geol. Surv., vol. iii., pt. 8, 1909, p. 68.

5 Proc. Roy. Soc. Vict., vol. viii. (n.s.), 1896, p. 60.

J
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Dorypyge, a tA^pical Ciunhiian genus, to which the former seems

quite closely allied : and latterly Mr. C. D. Walcott has also

remarked^ on the relationship, stating- that Dinesiis of Eth., jnr.

(the pygidimn of which is now referred by Prof. J. W. Gregory

to y of(isapitas):' appears to he more nearly related to

Dori/pi/f/f, Dames, than to Damesella or DorypygeIJa, Walcott."

The genus Dorypyyt- is found throughout the Cambrian, and, in

China, also occurs in a bed above the Ac/nostus zone.

With regard to the affinities of the Liau-tung fauna, which

shows Some points in common with that of the Mt. Wellington

limestones. Dames considers it to correspond with the Scan-

dinavian Andrarum Limestone, and to the lowest division of

the Potsdam Sandstone in America.^

General Chapacters of the Limestones.

The tiilobite-bearing limestone is dark bluish grey in colour,

and partially crystalline. The samples collected by Mr. E. 0.

Thiele are crowded with the remains of these Crustacea, chiefly

parts of the cranidia, with an occasional pygidium of the larger

forms ; whilst the heads and tails of Agnostus .are found scat-

tered pretty freely over the fractured surfaces of the rock.

Several fragments of the thoracic pleurae, presumiably of

Ptychoparia and Crepicephalus, can be distinguished, but no

connected pieces were obtained. Evidently the membrane con-

necting the elements of the thoracic region was excessively

delicate and easily separated.

In thin sections under the microscope the trilobite limestone

is seen to be practically caloitic. haying a coarsely crystalline

structure. (See PI. LX., Fig. 25.) Tbe nmtrix contains innumer-

able sections of the trilobite carapaces cut in all directions.

The latter are usually encrusted on both upper and undci-

surfaces by a thin layer of a black carl^onaceous substance of a

granular texture, commonly seen in trilobites that are at all

well preserved. The thickness of these fragments of trilobite

1 Proc. U.S. Nat. Mus., vol. xxix., 1906, p. 35.

2 Proc. Roy. Soc. Vict, vol. xv. (n.s.), pt. ii, 1903, p. 15.5, pi. xxvi., flys. 11, 12a, lib, 13.

3 Dames, in Richthofen's "China," vol. iv., 1883, v>. 28. See also H. Woodward, Geol.

JIag., 1905, pp. 21-2, 213.

Ca
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tests varies from .05 to 1 mm. Numerous fine cracks and fissures

traverse the limestone in all directions, and are filled generally

with a black granular substance, which in this case may be a

basic mineral infilling, such as one of the sulphides. Otherwise

the limestone is fairly pvu-e, and no qxuvrtz grains were noticed

in the sections examined.

The limestone found near Roan Horse Gully, which consists

largely of {I) Girrdnella pellets in a fine-grained matrix, and

also contains brachiopoda and joints of crinoids, is much paler

than the trilobite limestone, and generally of a light grey* colour.

(See PI. LX., Pig. 26.) This rock, also, has a nearly pure calcitic

composition ; and there is a marked absence of the black car-

bonaceous and other matter so abundant in the darker lime-

stone. No trilobite fragments were noticed in this rock, but

it appears, nevertheless, to be merely a different lithological

condition in the same geological stage.

Systematic Description of the Fossils.'

Plantae.

Class Algae.

Genus GirvaucJJa, Nicholson and Etheridge fil.. 1880.

(P) Girvanella, sp. (PI. LX., Fig 23, PI. LXL, Fig. 26).

Ohsfr)-(itio)is.—A hand specimen of grey limestone, rather

])aler in colour than the trilobite rock, is composed largely of

ovoid pellets formed by an enwrapping or encrusting organism

like Girvanella. One of these pellets measures as much as 15

mm. in length. This rock was mentioned in a previous note

published in 1907."- when the limestone was ascribed to the

Silurian, partly on account of the prevalence of that form else-

where in Victoria in beds of similar age ; and also because of

the P/afi/strop/ua-like Orthid, accompanying it. The latter

fossils are here shown to- be distinct from Platystrophia

1 .Mr. K. O. Thiele, B.Sc, K.G..S., who collected these specimens, has kindly presented

them to the National Museum, Melbourne.

2 Vict. Nat., vol. xxiv., p. 34.
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hiforat^, being smaller and not so spiriferoid in shape. The

jiellets forming this rock were described in the note above re-

ferred to as follows:
—"These form a large part of some of the

limestones, perhaps as much as 40 or 50 per cent., but their

intimate structure has been entirely removed by secondary

crystallisation, and only traces of the concentric mode of growth

can be seen, together with a nucleus of a shell-fragment or

crinoid joint."

There is now little doubt tliat the Girvdiielhi and trilo-

bite limestones occur in or near the same stratigraphical horizon,

and that the former may be older than was originally thought

from the field and palaeontological evidence. Another and

similar specimen of Girvanella limestone was subsequently ob-

tained by Mr. E. J. Dunn, F.G.S., Director of the Geological

Survey, from Roan Horse Gully, Wellington River, and this was

reported upon by the writer in 1908.^ The pellets were there

referred to as being from. 5 to 6 mm. in length, and crinoid

ossicles were seen in the rock in great abundance.

These (jrirranella limestones are of a good blue-grey colour,

and would make a handsome marble for ornamental purposes

when polished.

Horizon.—Upper Cambrian. Brachio])od Zone. Roan Horse

Gully.

Animalia.

Class Crinoidea.

Crinoid stem^joints and ossicles, indet. (Plate LIX., Figs. 16 a,

h., 17 a, h.)

Bexrri iition .—Two isolated specimens of stem-joints were ob-

tained from the pale grey limestone by fracture.

A.—A series of eight conjoined infranodals, very low ; form-

ing part of a stem circular in section ; the axial canal pentagonal

or rosette-form ; articular facets indistinctly radially striate,

and slightly crenulate at the margin. Diameter, 4 \xva\. ; total

height, 3.1 nmi. (Fig. 16, «, h.)

1 Rec. Geol. Surv. Vict., vol. ii., pt. iv., p. 211.
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B.—Probably a nodal columnar joint ; Avith a rounded peri-

phery, but inclined to be subpentagonal in outline ; axial canal

pentagonal : area around perforation depressed on both facets,

and having five distinct grooves from axis to margin ; surface

smooth, tumid between the radial grooves. Diameter} 5.25 mm.

;

height, 2.6 mm. (Fig. 17 a, h.)

Some ossicles (? arm-joints) are found forming the nuclei of

the (?) Girvanella pellets, but these also are obviously of an

indeterminate character.

OhKervations.—In the Appendix to the chapter on the Crinoi-

dea m Eastman-Zitters Text-book of Palaeontology,^ it is stated

that ' Crinoidal fragments have been detected in the Cambrian,

but consist of stem-joints only {Dendrocrinus).''

In their " Revision of the Crinoidea " Messrs. Wachsmuth and

Springer^ give, in the diagnosis of Dendrocrinus, " Column

pentagonal, or excei^tionally round." They record all the

species, except one from the Niagara Group, in the Lower Ordo-

vician (Trenton Limestone). The stem of Dendrocrinus cylin-

dricus, Billings, 3 is of the same general form as our fragmentary

specimens indicate, but further comparison is impossible, since

the indispensable portion, the crowm, is not represented in our

series, except by isolated (?) brachials, seen only in sections of

the pellets.

Horizon.—L^pper Cambrian. Brachiopod Zone. Roan Horse

Gully.

Class Brachiopoda.

Genus Linyulella, Salter, 1861.

(?) Lingulella, sp, (PI. LIX., Fig. 13).

Description and Affinities.—Tlie shell is ventral, and shows

the impression of a broad pedicle canal on the denuded umbo.

It is ovately pentagonal in outline, with slightly divergent sides,

and widely curved anterior margin. There is no dorsal valve

to indicate its inaequivalve condition or othei'wise, but the width

1 Vol., 1000, p. 177.

2 Proc. Acad. Nat. Sci. Philad., 1879, p. 298.

3 Geol. Surv. Can. -Canadian Organic Remains, dec. iv , 1S59, p. 44, pi. iii., figs. 8a, b.
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of the j)edicle channel points to Liiu/ulella as the pi'obable

genus. The surface ornamentation is in parts well preserved,

and consists of strong concentric growth lines, crossed by fainter

radial lines, after the manner of Lingulella davisii, McCoy, ^ of

the Lingula Series of Great Britain, which species it also re-

sembles in outline but not in size, being much smaller. A species

of Li)ign,hUa, which Kayser compares with L. nathomti Lin-

arsson, has been figured by the former author2 from the Cam-

brian of the Liau-Tung Peninsula (China). It resembles our

specimen in shape, but does not possess any radial striae, such

as are clearly seen in our example.

Dim ens I aim.—Length, 3.4 mm. ; width, 2.75 mm.
Occurrence.—A single valve adhering to the glabella of

Ptyclioparia thielei.

Horizon.—Upper Cambrian. Agnostus Zone. Dolodrook

River.

Genus Orthis, Dalman, 1827.

Sub-genus Plectorthis, Hall and Clarke, 1892.

Orthis (Plectorthis) platystrophioides, sp. nov.

(PI. LTX., Figs. 14, 15).

Description.—Shell of medium size, transversely oval

;

strongly costate. Hinge-line as long as the entire breadth of

the shell ; cardinal extremities produced or ending in an acute

angle. Dorsal valve semicircular, transversely elongate, moder-

ately and evenly convex, with a faint sinus bearing two costae.

Pedicle valve deeper, strongly convex on the median fold, and

depressed towards the cardinal angles. Beak prominent and

incurved. Area moderately wide, triangiilar ; delthyria large,

open ; dorsal or brachial valve with a conspicuous cardinal pro-

cess. Surface of valves with 16-20 strong plicae, with an occa-

sional finer riblet interposed between the primary ones. Faint

indications of concentric growth-lines or transverse plicae, with

one or two strongly emphasised growth-stages.

1 McCoy. Brit. Pal. Foss., 1852, p. 252, pi. i.-l., %. 7.

2 In Kichthofeti's "China," vol. iv., p. 35, pi. iii., fig. 3.
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Dimeniiions.—Width, about 13 luin. ; lenpth of dorsal, about

8 iniu. ; lenjjth of ventral valve, about 9 uiin.

Xote.—One example of a pedicel valve accompanies these

specimens, which otherwise are very uniform in size, and which

perhaps may be regarded as a senile form of the species. It

measures about 17 x 20 mm. ; the costae are slightly finer and

more numerous, about 3U, Init are of the same character as

those on the smaller and more typical examples. This shell

has a broad, shallow sinus.

Ohservations.—These specimens from near Roan Horse Gully

were pi'eviously confused with Plati/stmjjJiia hiforata, Schlo-

theim sp., on account of their strongly spiriferoid shape and

stout costae with bifid character. i Their occurrence, moreover,

in a limestone of imcertain age, resembling the Deep Creek

limestone, which had already yielded that species, seemed to

support that conclusion. Owing to the discovery of an un-

doubted Upper Cambrian fauna in limestones associated with

the brachiopod bearing rock, these fossils have been re-examined

and further cleaned of matrix. The group Plectorthis, to which

these brachiopods belong, is characterised by having Ijiconvex

shells and strongly plicate valves. This group is hai'dly to be

distinguished from certain members of the feebler costate forms

of Platystrophia, excepting in the longer cardinal process, Avhich

in the latter is short and stout.

Affinities.—The present spec'es bears relationship to several

British forms, notably of Lower Ordovician and Middle and

Upper Cambrian facies. In the transversely elongate form of

the valves and their extnided cardinal angles, comparison may
be made with Orf/iis (iJata, Sowerby.2 The character of the

costate ornament is alji'ed to that of 0. hirlsii (Salter). David-

son,3 i3ut, the ribs are not so numerous as in our species ; whilst

the latter has a smoother shell-surface. The fold and sinus is

not so pronounced as in Fhttystr()p]}ia hiforata. Schlotheim sp.,"*

although the large example previously mentioned approaches it

1 F. Chapman. " On Some Fossils from .Siluiian r.imostoMes, DolodrooU Valley, Mt.

Wellin^on, Victoria." Vict. Nat., vol. xxiv., .Juno, 190", !>. 34.

2 Davidson. Mon. Brit. Sil. Brach., No. 3, lS(ii), p. i'M jil. xsxiii., tiys. 17-21.

3 Tom. supra oit., p. 230, pi. xxxiii., fiy:s. 13-l(i.

4 See Davidson. .Mon. Brit. Sil. Braeh., No. 4, 1S71, )>. 2(i8. pi. xxxviii.. ti;;s. 11-2.');

Hall and Clarke, I'al. of .New ^ork I'al. Bracli., jit. i. ls!)2, p. 2(10, pi. \.h, fiys. I-lo.
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in these respects. Another species of the same sub-generic type

is 0. {Plectorthia) Ilnarssoni, Kayser,' from the Cambrian of

Scandinavia and China. This form, although allied to ours, is

not so strongly convex, and differs in the appearance and ar-

rangement of the costae.

The present species differs from the Upper Cambrian orthids

of Tasmania indentitied by R. Etheridge, junr. as Orthi>i lenti-

cuhiris, Wahlenberg sp.,'- in having a biconvex shell. The latter

species appears to belong to the genus OrtJiix sensu stricto, and

the brachial valve in that form is nearly flat. Etheridge in his

description especially mentions that the Tasmanian specimens

are not allied to 0. hickfii, whereas ours clearly show an affinity

with that species.

Class Gasteropoda.

Genus SreneUa, Billings, 1S72.

Scenella tenuistpiata, sp. nov. (PI. LTX., Figs. 18^?, b).

Description.—Shell small, subconical ; aperture ovate ; apex

eccentric, obtuse, slightly incurved towards the longer extremity.

In side view boldly convex from apex to margin on shorter

side : on longer side concave under the apex, then becoming

convex and meeting apertural margin almost vertically. Surface

relieved with a few delicate subradial striae inclined towards the

longer side, otherwise smooth.

Dimeihsioitx.—Length, 2.75 mm.; width, 2.4 mm.; height,

1.6 mm.

Affinities.—Practically all the described species of the above

genus are from the Middle Camibrian ; but there is an unde-

scribed species from the Upper Cambrian (Potsdam Sandstone)

of Wisconsin mentioned by C. D. Walcott? which may be at

least allied with, our form, as that author compares it with

1 Orthix MskHii (SaXter), iJav. aff. Lii)arssoii, lS7iJ, Brach. of tlic Paradoxides-hsAH of

Sweden,—Bihang: till Svenska Vet. Akad. Handl, lid. iii., No. 12, pi. iii., fi>,'s. 22, 23.

0. liiiarssimi, Kayser, 1883, in Richthofeii's "China," vol. iv., p. 34, pi. iii., fij^;. 1.

2 Rec. Aust. Mus., vol. v., No. 2, 1!»04, ]>. 101, pi. x., fi<rs. bM.

3 Bull. I'.S. Geol. Surv., No. 30, p. 127.
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(?) Sreiitlla raridiis,^ a species from the Middle Cambrian of the

United States and Canada, resembling our fossil in some

particulars. TTie related genus Stenotheca occurs in the Cam-

brian of South Australia, and is distinguished from the above

genus by its stronger, rugose shell and curved beak. The latter

feature is not emphasised to any degree in oiir specimen, and

the smoother shell shows it to be distinct from Steiwtlieca in

that respect.

Horizon.—Upjjer Cambrian. Agnostus Zone. Dolodrook

Rivei'.

Class Crustacea.

Sub-class TriJohita.

Genus Af/iinsfu'<, Brongniart, 1822.

Agnostus australiensis, sp. nov.

(PI. LVITI., Figs. 9, 11. 12).

Description.—Head subquadrate. margin narrow. Glabella

conical, narrow, bilobed ; anterior lobe small, pointed in front,

half as long as the posterior
;

posterior lobe wider and sub-

rectangular ; basal lobes snlall, sub-triangular. Cheeks elevated,

surface dull, relieved by very faint radial striae ; not so elevated

as glabella, and of nearly equal width except in region of an-

terior glabellar lobe, where they are wider.

Thorax not well preserved in our specimens ; portions of

lateral and axial elements somewhat crushed, but apparently

rather wide.

Tail broad, sub-circular, with a narrow margin produced into

short spines at the posterior angles ; axis moderately wide, an-

terior segment narrow, almost bilobed by the intrusion of the

middle segment which is anteriorly produced and bearing a

strong central tubercle : posterior segment large, elliptical or

guttate, being produced behind into a blunt point. Lateral

lobes of uniform width, except where confluent behind the pos-

1 Op. clt, p. 127, pi. xii., fitr.s. 2,
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terior segment. Occasional faint tubercles and striae are seen

both on the lateral lobes and axis.

Dimensions.—Head-shield (small specimen) ; length, 2.5 mm. ;

width, 2.75 mm. Tail-shield : Length, about 4.5 mm. ; width.

5 mm.

Affinities.—^This form is closely related to Agnostus j^i'^i-

formis, Linne, sp., and is therefore embraced in the section

Longifrontes of TWlberg.^ In general shape and structure it

resembles A. iJisiformis (typica),^ especially in the form of the

cephalon ; but in the breadth of the pygidium it is most like

the variety of that species named otiet^ux by Belt.

3

Robt. Etheridge in his " Fossils of the British Islands,''"* in-

cludes A. piriformis under A. princeps, Salter, together with

Belt's variety obesus, and gives the horizons as Lingula Flags

and Tl-emadoc. On the other hand Lake, in his later and more

critical work, 5 states that Salter's A. j'^^incejis was founded on

specimens of three distinct species—viz., A. trisectus, Salter,

A. pisiformis, L. sp., and A. rudis, Salter. To revert to Lake's

determinations of A. j^i'^iformis var. obesus. and its horizon,

that author gives the latter as Lower Lingula. Flags, but adds,

'' In some cases the horizon is given as Menevian, in others

Upper Lingula Flags, but these determinations may be

doubted."^ It will therefore be seen that the nearest allied form

to our species, as occurring in Britain, is typical of the Upper

Cambrian or Olenus Fauna.

Another species with which comparison may be made is

Agnostus punctuosus, Angelin,^ a species found in the Para-

doxides fauna (Menevian). This form differs, however, in the

closely tuberculated surface of the head and tail, and also in the

less tumid cheeks and pygidial lobes.

1 See p. Lake. Mon. Brit. Cambrian Trilobites, Pal. Soc, 1906, pp. 2, 3.

2 £a'a(.s pi>(yormM, L. sp., Hisinger, 18a7, I.eth. Suee., p. 19, pi. iv., fij;. 5 (fissured

head downwards). AgnoatUH pimfnrmis, L. sp., Angelin, 1852, Pal. Scand., p. 7, pi. vi.,

fig. 7. Lake, Mon. Brit. Camb. Trilobites, 1906, p. 9, pi. i., fig. 12.

3 Belt. Geol. Mag., vol. iv., 1867, p. 29.=i, pi. xii., figs. \n-d. Lake, loc. cit. p. 9. pi. i.i

figs. 13, 14.

4 Vol. i.. Palaeozoic, 1888, p. 41).

5 Loc. cit., p. 12.

6 Loc. cit., p. 10.

7 Angelin, Pal. Scand., 1852, p. 8, pi. vi,, fig. U. Lake, loc. cit., p. 4, pi. i., figs. 4-6.
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A(iiioxtu>! rlii lie II ></>. Dames.' is another species allied to ours.

It was deseriV)ed from the Cambrian beds of the Province of

Liau-Tung, China. This species shows the same general charac-

ters as ours, but in A. chinensu the lateral lobes of the tail-

shield are not so wide, thus agreeing more nearly with Agnnsfus

jiisiforniis ; and moreover, the pygidial axis is not so bluntly

pointed posteriorly.

Horizon.—Upper Cambrian, Agnostus Zone, Dolodrook River.

Genus Pfi/choparia, Corda, 1>^4:7.

Ptychoparia thielei, sp. nov.^

(PI. LVIIT., Figs. 2, 3, 5, 7, and 10).

Description.—Head-shield large, comparatively bix)ad in front.

Glabella large and tumid, elongate and tapering somewhat to-

wards the front ; more than two-thirds the ejitire length of

head ; surface finely tuberculate, marked by iibout four pairs of

lateral furrows, almost or quite continuous. Palpebral lobes

sub-lunate, prominent ; eye-lobes very narrow, not conspicuous.

Facial sutures strongly curved at the eye-margin, turning at a

sharp angle anteriorly, directed forward and outward, and then

gently inward to the anterior margin, which it meets a little

nearer the central line than the eye ; from the posterior end of

each, eye the suture curves gently outwards, then extends

horizontally, and finally is directed obliquely to meet the lower

border of the strong genal spine. Tlie cephalic border is finely

wrinkled and tuberculate ; whilst the prominent areas of the

free cheeks are radiately wrinkled.

Thoracic segments fragmentaiy ; none in position.

Pygidiuni semicircular, rounded posteriorly ; moderately large,

with about eight distinct segments. Surface finely tuberculate.

Axial lobe elevated, rounded, extending to the j^osterior border

;

width at the anterior region equalling about one-third of the

lateral lobes ; the latter depressed or only slightly convex.

Dimensions.—Width of cephalic shield to bases of spines

(approximate), 59 mm. ; length through the central axis, 15.5

1 In Richthofen's "China," vol. iv., 1883, p. 27, pi. ii., fiys. 18, 19.

2 Named in honour of its discoverer, Mr. E. O. Thiele, B.Sc, F.G.S.
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mill. Len<^th of py<2:idiuiu (Fig. lU), 9 uiiii. ; width, about 15

111111. ; length of axial lobe, 8 niiii. ; a,iiterior width of ditto,

3.75 mm. ; width of margin, about 1 mm.
Observations.—The material in the present series of lime^

stone specimens shows only the cephala and pygidia preserved,

the thoracic portions being disarticulated and so damaged as

to make it difficult to decipher more than a few isolated

pleurae. TTiere is very little doubt about the pygidia here

regarded as belonging to the cephala of Ftychnparia, as they

show similar superficial tuberculations, and by their numerous

segments they show further relationship to tliat genus. Nofc-

witlistanding the variability ot" form in species of this and other re-

lated trilobite genera, it seems advisable to regard the specimens

represented by Figs. 1, 4 and 6 as parts of a distinct form, next

described.

Affinities.—The larg-e cephalon, witli its conico-cylindrical

glabella and wrinkled boi'der, shows the relationship of the

above species to Ptychoparia. It is a member of the Olenidae

on acootmt of its large free cheeks, which cut the anterior

mai'gin btit do not meet, but is naturally separated from

Olenus on account of its tapering glabella and its large pygi-

dium ; and from Oleiiellus by the absence of a pygidia! spine.

The glabella of Ptychupariu thielei closely resembles that of

" OJenellus sp.'' of Mr. Etlieridge, junr. ; a species from the

Cambrian of South Australia. i Of that form only an imperfect

cranidium was found. Etheridge, in his description of this

fossil, mentions the genus Ptychopdria, but thinks that the evi-

dence indicates Olenellus rather than that genus. With the

additional evidence of the associated pygidia in our species the

comparison may be worth further consideration.

The cranidium of Olenellus (I) farrest i (Eth., junr., MS.),

from the Cambrian of Western Australia, described and figured

by Dr. H. Woodward,'^ resembles in some respects the above

species, but the glabella is more decidedly conical, and pro-

portionally narrower. Fig. 2a on Dr. Woodward's plate, re-

ferred to as a telson. resembles some fragments with genal

1 Trans. Roy. Soc. S. Australia, vol. xxix., 1905, p. 247, pi. xxv., fig. 1.

2 H. Woodward, in Foord's " Notes on the Palaeontolosry of Western Australia." Geol.

Ma}f., March, 1890, p. 99, pi. iv., figs. 2, 2a, b.
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spines, on our limestone samples. Tliis is mentioned merely as

ji point worth consideration.

Horizon.—Upper Cambrian. Agnostus Zone. Dolodrook

River.

Ptychopai'ia minima, sp. nov.

(PI. LVIII., Figs. 1 and (?) 6 ; PI. LIX., Fig. 22).

Xote.—The subjoined description is founded princijaally on

a cephalon without the free cheeks : but a pygidium occurring

in the same limestone is also tentatively referred to the ^iresent

species.

Description.—Glabella subcylindriual, comparatively long,

tapering very slightly anteriorly ; upper surface finely pustulate,

with three distinct lateral furrows, the two posterior broad,

shallow, and with a strong backward curve ; neck-furrow deeply

impressed, the neck-ring showing traces of a slight ridge bear-

ing three small blunt spines directed posteriorly. Anterior

border of glabella nearly semcircular, but somewhat truncated

in front, broad and depressed. Palpebral lobes large, pro-

minent, elliptical ; eyes narrow, sublunate and strongly curved.

Pygi'dium (provisionally referred to this species), compara-

tively large, with about six well-defined segments. Axial lobe

prominent, rounded, rapidly tapering to a point at the posterior

border: narrower than in 1'. tliieh-i ; lateral lobes moderately

wide, slightly rounded, and depressed in relation to the axial

lobes ; sutures neatly and clearly marked. Margin broader

than in P. thieJei, and with conspicuous striae parallel with

the border.

Dimensions.—Length of glabella from base of neck-ring to

anterior border, 6.5 imn. ;
greatest width of glabella, 3.25 mm.

Length of palpebral lobes about 2 mm. ; greatest width of

neck-ring, 1 mm.
Pygidium, provisionally referred to this form, length, 7.5

mm.; greatest width, 11 mm.: greatest width of axial lobe,

2.2 mm. ; width of border, 1.25 mm.
Observations.—The cranidium upon which the above specific

description is based is of the same general type as that of the
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precedinij: P. thiehi. The glabella, liowever, is shorter, with

only three lateral furrows ; whilst the palpebral lobes are also

shorter and rounder. The form of the g;labella and the well

developed palpebral and visula areas show its alliance with

Ftyrhoparia. Two specimens occur in the present series. The

characters of the pyg-idium, if it be referable to this species,

are distinct from that of P. tliiehi, for the axis is slender and

the border is definitely striated. This latter feature is also

well seen in pygidia of the allied genera Anomocare and

Bafhi/urlscus.

Affinities.—The deep and depressed border of the glabella,

and the spinous processes of the neck-ring in P. minima ma}',

with advantage, be compared with Ptyrhoparia frilincdfd,

Emmons sp.i The latter species occurs in the Middle Cam-

brian of North America, but generally similar forms range

throughout the system. Another interesting trilobite, showing

certain characters in common with our species, is the Conn-

cejjhalites suhquadratus of Dames,'-^ from the Upper Cambrian

of Ta-ling (Liau-tung), China.

Horizon.—Upper Cambrian. Agnostus Zone. Dolodrook

River.

Cenus CrepirepliaJiis. Owen, 1852.

Crepicephalus etheridgei, sp. nov.^

(PL LVIII., Fig. 8, (?) Fig. \; PI. LTX., Figs, 20, 21) (?).

Desrripfion.—Cranidium small, semicircular, inflated. (rla-

bella subspherical or elongately globose, highest along the

median longitudinal line ; surface faintly marked with three

pairs of furrows which curve forAvards and outwards from

either side of the middle line : frontal border depressed, sulcated

and with an almost straight or slightly curved margin ; neck-

1 Atops trilineatus, Emmons. " Taeonic System," 1844, p. 20. fiff. 1 ;
pi. ii., fiy;. a.

Ptychoparia trilineata, C. D. Wallcott, " Second Contiibutioti to the Studies on the Cam-

brian Faunas of N. Anierica." Bull. U. S. Geol. Surv., No. 30, 1880, p. 203, pi. xxvii., flj,'s.

1, la-c.

2 In Richthofen's "China," vol. iv., p. 12, pi. i., fij;s. 9, 11.

3 Named in honour of .Mr. R. Ktheridjfe, Curator of the Australian .Museum who has

contributed so much to our kTio\vl«l"e of .\ustraliaii Caml)riaii faunas.
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ring narrow, neck-furrow deeply impressed. Fixed cheeks

moderately broad, subtriangular, and deeply incised at junction

witli the glabella ; outer margin gently sloping outward pos-

teriorly, and with a semilunar depression on the ocular margin.

Surface finely tuberculat«.

Pygidium broad, subtjuadrate, rather depressed ; with the

posterior border slightly produced and rounded. Axial lobe

broad, and rounded on the upper surface, excepting at the

teruiinal which has the upper surface slightly cupped ; axis

more than three-fourths the length of the pygidium, thus differ-

ing from that in Dii/eJoccphahis, divided into five segments,

all of which, except the posterior, are narrow ; axial sutures

wide, moderately impressed, and widely curved to almost

straight ; furrows of the lateral lobes at first gently sloping pos-

teriorly, and then curving sharply backwards. Margin with a

doublure, and remnants of two [1) long, divergent spines,

directed backwards and outwards.

Dimensions.—
Cranidiuin — Length from base of neck ring to anterior

border, 4.5 mm. Apjiroxiuuxte width of cranidium, 8.5 mm.
Lenofth of frlabella, 3.5 mm.

Pygidium. — Greatest width, 12 mm. Approximate length

of present specimen, measured over the middle vertical line,

8 mm. Greatest width of axial lobe, 3.5 mm.
A free cheek (PI. LVTII., Fig. 4) is al.so firovisionally referred to

this species. It is wide, more subtrigonal in shape than those of

Ptychoparia here previously desci'ibed, finely tuberculate and

radiately wrinkled; anterior margin nearly straight for half the

distance to the genal angle, then roundly curved to meet the long

slender, outwardly curved genal spine ; external border of free

cheek with a narrow rounded margin as far as the genal angle,

where it aiierges into the genal spine.

The dimensions of this free cheek are as follows :
—^Anterior

extremity to genal angle, 5.5 mm. : length of spine. 4.75 mm.

;

greatest width of free cheek, about 3 mm.
Ohservations.—Fragmentary examples of what are here re-

garded as the cranidia of f 'repieejjhalus etheridgei (typified

by the pygidium) are not uncommon in the Dolodrook Lime-

stone. They show the same supei-ficial characters of a finely
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tuberculate surface, as the Crfpicephalus. pygidium ; and the

darker-coloured fragments, as compared with those of Ftycho-

imria, exactly correspond.

Affinities.—At first sight the cranidia j^rovisionally referred

to the aboA'e genus and species, might be mistaken for a form

like SphaeroiJhthalmus alatus, Boeck sp.^ (=: Olenus humilis,

Phillips) ; but there is no deeply marked basal furrow on the

glabella corresponding to forms of that genus. R. P. Whitfield

has described and figured the cranidium of a species of Crepi-

cepliahis"^ which shows all the fundamental characters of the

form here dealt with. He also gives a profile view of the same

form, and its resemblance to ours is even more striking than

the superficial view. The glabella of our trilobite is more

decidedly globose than in Whitfield's species, which, although

highly convex, is broadly conical ; but in both forms the an-

terior border and the deep neck furrow are similar in character.

The fixed cheeks, moreover, are larger in our species. Creiii-

Cfphatuii onusti/s, Whitfield, occurs in the Potsdam Sandstone

(Upper Cambrian) of Wisconsin, L.S.A.

The pygidium hei'e regarded as the holotype of the above

species shows a remarkable resemblance to that figured as

Cr-epirephalus liliana, Waloott, from the Middle Cambrian of

Nevada, U.S.A." That species is of slender proportions, and

I he tail spines are less divergent than is indicated in our

specimen. The two forms agree in the rounded shape and

almost even width of the axial lobe, and in having a deep in-

cision between the last and penultimate suture-line of the

anterior region.

This genus occurs throughout the Upper Cambrian in North

America. Tlie genotype, according to C. D. Walcott^ is Crepi-

cephcdu-'i iowensis, Owen sp. '' It is a characteristic fossil of

1 Tnlobites alatus, Boeck, 18.38, Goea Norwegica, I., p. 143,' 01. (Sph.) humilis, Phillips

1848, Mem. Geol. Sjirv. Gt. Brit., vol. ii., pt. 1, p. .55, woodcuts figs. 4, ii, 6.

2 C. onuxtus, Whitfield. Geol. of Wisconsin Survey of 1873-9, vol. iv., 1882, p. 182,

pi. i., figs. 22. 23.

3 " Second Contr. to the Studies on the Cambrian Kaunas ot N. Ainrrica." Bull. U.Sl

Geol. Sun., No. 30, p. 207, pi. xxviii., fi<js. 3, 9a-c.

4 Op. supra cit., p. 206.

h Diki'locepkfiluti (';) iowensin, Owen. Geol. Rep. of Wisconsin, Iowa and Miiniesota,

18,52, p. .575, pi. i., fi<r. 4. Ptpchvparia (Crepicephalus) iowensist, Owen sp., C. D. Wall-

cott, Bull. U.S. Geol. Surv., 1884, No. 10, p. 36, pi. vi., fig. 2, 2a.

7
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the Potsdam Siuidstone of the Upper Mississippi, U.S.A. C.

iowensis. it may be remarked, shows similar features to the

Australian species ; chiefly differing in the broad, flattened bases

of the tail spines. The I'emnants of the latter seen in our

example indicate a more slender type of appendage. In all

but the pygidial spines Crepicepludus agrees with Ptychojiaria,

so that the free cheek above referred to, whilst presenting some

of the features of Ptychoparia, may reasonably be supposed

to belong to the present species.

Horizon.—Upper Cambrian. Agnostus Zone. Dolodrook

Kiver.

EXPLANATION OF PLATES LXIII.—LXI.

Plate LVIII.

Fig L

—

Ptychoparia minima, sp. nov. Portion of cephalon,

without free cheeks. Holotype.

Fig. 2.

—

Ptychoparia thielei, sp. nov. Free cheek and spine.

Paratype.

Fig. 3.

—

Ptychoparia thielei, sp. nov. Portion of cephalon with-

out free cheeks. Paratype.

Fig. 4.— ( ?) Crejjicephalus etheridgei, sj). nov. A free cheek

with spine.

Fig. 5.

—

Ptychoparia thielei, sp. nov. Free cheek of a large

example. Cotype.

Fig. 6.—(?) Ptychoparia minima, sp. nov. Pygidium.

Fig. 7.

—

Ptychoparia thielei, sp. nov. Part of cephalon without

free cheeks. Cotype. (On the left side of the glabella

and next the palpebral lobe is a (?) Linguella).

Fig. 8.

—

Crepicepludus etheridgei, sp. nov. Pygidium. Holo-

type.

Fig. 9.

—

Agnostus australiensis, sp. nov. Pygidium, and frag-

ment of thoracic region (crushed). Cotype.

Fig. 10.

—

Ptychoparia thielei, sp. nov. Pygidium. Cotype.

Fig. 11.

—

Agnostus australiensis, sp. nov. Pygidium. Para-

type.

Fig. 12.

—

Agnostus australiensis, sp. nov. Head of small speci-

men. Cotype.

All figures on the i)late magnifled twice.
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Plate LIX.

Fig. 13.

—

{]) LinguhJla, sp. A fragmentary valve adhering to

the ghibella of Ptychoparia thielei. x 6.

Fig. 11.—Pedicle valve of Ortltis {PlectortJiix) plat i/strophiaides,

sp. nov. X 3.

Fig. 15.—Brachial valve of Orflii-< (riectorthis) platystrophi-

<)ide'<, sp. nov. x 3.

Fig. 16.—Crinoid coluninars, indet. : a, articular face: h. side

view. X 3.

Fig. 17.—Crinoid cohunnar, indet. Probably a nodal joint: a,

articular face ; h, edge view, x 3.

Fig. 18.

—

Scenella tenuistriato, sp. nov. ; a, apical aspect ; b,

side view, x 6.

Fig. 19.—Restoration of the cephalon of Ptychoparia thiehi,

sp. nov. x 2.

Fig. 20.

—

{]) Crepiccphahis ether idgei, sp. nov. Portion of a

cranidiuui, showing the rounded form of the glabella.

X 2.

Fiir. 21.

—

{I) ('. f-therldgei, sp. nov. A cranidium, with tuber-

culate surface, x 2.

Fig. 22.

—

Ptychoparia miniina, sp. nov. Neck ring, showing

the spinose character of the median ridge, x 6.

Plate LX.

Fig. 23.—Photomicrograph of a section of the trilobite lime-

stone (Dolodrook River), x 14.

Fig. 24.—Four examples of Orthis (Plectorthis) 'platy><trophi-

oides, sp. nov. Tlie npi)er specimen is a brachial valvef

the lower, pedicle valves. Roan Horse Gully. About

natural size.

Plate LXI.

Fig. 25.—A section tbrougli one (if the (?) Girvanella pellets,

showing nucleus formed by a crinoid ossicle. Roan
Horse Gully, x 7.

Fig. 26. -Photograph of surface of nodular or (?) Girvanella

limestone. Roan Horse Gully. About natural size.
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CORRIGENDA AND ADDENDUM.

For paper, '" A Study of the Batesford Limestone," in this

Journal, Yol. XXII. (N.S.), Pt. II., 1909.

P. 263, line 16 from top, for " N.E." read " N.W."

P. 297, line 8 from top, for " Leptocyclines " read " Lepido-

cyclines."

P. 310, line 12 from top, for '" onomata " read " onamata."

P. 510, footnote 3, for " Vol. XXX." read "Vol. XIII."

P. 305, between lines 18 and 19, insert " Echinoneus dennanti,

T. S. Hall."
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—

TJic Magnetic Properties of Stallo>j.

By H. R. HAMLEY, M.A.,

AND

A. L. ROSSITER, B.Sc.

(Government Kesearch Scholars, University of Melbourne).

(With Plates LXII.-LXV.).

[Read November 10th, 1910].

(Communicated by Professor T. R. Lyle).

In the following paper are given the results of an investigar

tion into the magnetic properties of the iron alloy called

" Stalloy." Particular attention has been given to " Stalloy
"

by many investigators on account of the claims made by its

inventor (Hadfield) with regard to its magnetic properties. The
special feature of this alloy is its high specific electric resist-

ance and high permeability. The specific resistance being

about four times that of the best transformer iron, the eddy-

current loss for a given thickness of sheet would be greatly

reduced, so that lamination need not be carried out to anything

like the extent necessary with ordinary iron, and the question

of insulation of laminae becomes less troublesome. It is more

expensive than ordinary iron, but the increased expense is com-

pensated by a reduction in size oi the transformers etc., con-

structed of it, an increase in output, and greatly improved

efliciency.

The special chemical feature of " Stalloy "'
is that it con-

tains about 3.4 per cent. Silicon. The value of this alloy is

emphasised in a paper by Epsteini, where several tests of its

properties are given.

Several investigations liave been made by other experimenters

by direct current methods, which agree fairly well together.

1 Epstein. J.I.E.E., vol. xxxvi., 1907. Professor Turner gives the analysis as follows :

Carbon .03, Silicon 3.4, Sulphur .04, Phosphorus .01, Manganese .32, Iron 96.20 per cent.
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The most interesting of these are given by Wilson and others^

Watson,"^ and the manufacturers, Sankey and Sons."'

Som,e interesting experiments on an alloy very closely allied

to " Stalloy '" are given by Barrett, Brown, and Hadfield"', and

by Baker .'^

The object of the present research was to investigate the

nuignetic properties of " Stalloy,'' not only with direct cur-

rent, but also with alternating currents of varying frequencies,

quencies.

The experiments have been divided into three divisions:—
(1) Statical tests.

(2) Effect of variation of frequency on magnetic hysteresis.

(3) Eft'ect of annealing upon each of the above.

The usual statical experiments were made for inductions ex-

tending up to about 14,000. From these results were cal-

culated the hysteresis losses and Steinmetz coefficients using as

exponent in the usual formula the value 1.6 which was found to

be approximately correct for this substance. The determina-

tion of these coethcients is important as from their values we

are able to separate the hysteresis from the total loss in each

of the alternating experiments.

The tests were made upon two rings as nearly alike as

possible, one annealed, the other unannealed.

The alternate current experiments were divided into three

series, of periods .07, .035. .0:^ respectively. In each of these

the period and wave form of the nuignetizing current were kept

as nearly as possible constant as the induction density in-

creased. The expressions for the amplitude and phase both of

H and B are given in the tables which follow.

From these expressions, for each pair of associated waves of

H and B was calculated the total loss per c.c. per cycle (I).

This was found to follow fairly well a formula proposed by

Lyle^ for total loss in iron, namely :
—

1 Wilson, Winson and O'Dell. Proc. Roy. Soc. Lend., 1908, vol. lx\x,

•2 Watson. Klectrician, vol. Ix., p. 4.

3 Article "Stallov." Electrician, vol. Iviii., p. 692.

4 Barrett, Brown and Handfield. .J.I.K.E., 1902.

5 Baker. J.I.E.E., December, 1904.
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Avhere a, /3 and r are constants for the material, n the fre-

quency and ^ is the " eflfective induction," a quantity of great

importance in the calcuhition of the eddy current loss (E), as

will be explained later.

The method employed was similar to that described by

Professor Lyle'. By means of his wave-tracer'- the wave forms

of the mairnetiziny cvirrent and the resultant magnetic tlux

pulsating in the iron can be accurately determined. Tlie full

wave being obtained, fifteen ordinates per half wave were taken,

from which, without plotting, the first, third and fifth har-

monics composing the waves can be calculated. Two methods

of harmonic analysis were used (1) for approximately sinusoidal

waves, that devised by Lyle', (2) for waves into which har-

monics higher than the fifth entered consideral)ly, that of 8. P.

Thompson*.

The wave forms having been analysed, the results were re-

duced to absolute measure by the apiDlication of pro^^er factors^.

The magnetizing force and induction w^ere thereby obtained in

the form

—

H = Hj[sinoj/+ A^sin3(w/ - </>.,) + /'.5sin5(W -</>-)+ ]

B = B,[sin(oj/ -6) + A^sin3(a)/ - $,) + A-,sin5(W -0,)+ ]

In general, harmonics higher than the fifth were neglected

and are not given in the tables. In calculating the total losses,

however, these upper harmonics were included.

From these equations the value of the total loss per c.c. per

cycle—

1 = 1 fudn
47ry

4

is determined.

The amount of eddy-ciirrent loss per c.c. per cycle (E) was

calculated from the approximate formula given by Searle and

Bedfordl

1 T. K. Lylf. l-liil. .Mat,^, 1!)0.=>, vol. ix.

2 T. K. L.vle. I'liil. Ma^., 19(W, vol. vi.

3 T. R. Ljle. Phil. Ma<,'., 190U, vol. xl., also Proc. Roy. Hoc. \ ictoiia, vol. x\ii.

4 S. v. Thompson. Klectiioiaii, lOOf..

5 Searle and Hedfonl. I'hil. Trans., 190-2, App.
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Where X is the space average of eddy-current loss.

X the thickness,

p the specific resistance,

fx. the permeability being assumed constant.

From this the eddy-current loss per c.c. per cycle may be

reduced to the form^.

E =—V-'

6pT^
where V. = Bj[l + 9l>.f + 25^,- -l-

]i

The statical hysteresis (U) was determined by Ewing and

Klaasen's ballistic method, and from the results the 8teinraetz co-

efficient o" obtained was plotted against the maximum induction by

the use of the formula

—

U = crBiL.

In order to determine the value of U for alternating cur-

rents, it was assumed that it was equal to that obtained by the

statical method for maximum induction equal to the maximum
value (B(,) of B. From the above mentioned graph and formula

U has been calculated for all inductions.

Having obtained all these quantities, the values of I-U-E,

called by Fleming the ' kinetic hysteresis,' were calculated.

These as well as I, U, E, have been given for each experiment.

The rings were prepared from the same sheet and were

made as nearly alike as possible. A thin sheet of waxed paper

separated each pair of discs and the wire used in the winding

was taken from the same coil. xVfter the laminae were well

cleaned the mean thickness was determined by the specific

gravity method.

The specific resistance was determined by the " drop of

potential " method against a standard .1 ohm by means of a

Wolff's potentiometer. Experiments were n)ade on two samples,

one of length about 80 cms. cut from the sheet, and another
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from a thin annulus cut from one of the actual rings used.

The results differed by less than .1 per cent and agreed fairly

well with the results of other experimenters.

The details of the coils are :
—

No. of laminae

Internal diameter -

External ,, - -

Mean thickness (x)

Area of cross section

Length of magnetic circuit

Primary turns

Secondary turns

Specific resistance at 19° C
Specific gravity at 19° C

Annealed.

6

6.927 cms.

9.549 cms.

.0757 cm.

.5953 sq cm.

5J5.87 cms.

135

10 or 50

50320

7.58

Unaniiealed.

6

6.927 cms.

9.557 cms.

.0739 cm.

.5830 sq. cm.

25.90 cms.

135

10 or 50

50440

7.582

The reduction factor of the galvanometer used in the second-

ary circuit was obtained by passing the current from a cadmium
cell through a megohm and the galvanometer in series.

All the resistances used were carefully tested during the course

of the experiments, as were also the two standard M coils which

were used to determine the absolute value of the magnetizing

force.

The symbols used in the accompanying tables are as follow;

—

T = period = 27r/ci) = -07, "035, "02 approx.

H = HjUinW + k.^s\n.3{o)^ - (j)-^) + /i-jsin5{u}^ -
<f>^) + ]

B = Bi[sin(a>/ -0) + A,sin3(W -0 - t/^,) + /;5sin5(w/ - 6 -
if/,,) + . .

]

fxo = Bj/Hi IX = Bo/Hfl.

U = o-B,, g = 2 id\i\
^R.M.S.(^)

I = Total loss per c.c. per cycle.

U = Statical hysteresis loss per cycle.

E = Eddy current loss per cycle.

I—U—E = Kinetic hysteresis per cycle.

In Tables I., II., III., are given the analytical results reduced

from the series of experiments on the annealed ring, while
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Tables IV., V., VI., give the corresponding results for the un-

annealed ring.

In each set a space is left in the rows below which the in-

fluence of the higher harmonics begin to be noticeable. Gen-

erally the sign of these higher harmonics is negative in

the magnetizing force, and in the induction always positive.

S. P. Thompson's method of analysis was used for these more

distorted waves and the inclusion of the higher harmonics con-

siderably modified the total losses.

A])ove the space in the rows, the readings may be taken as

Ijelonging to approximately sinusoidal waves. In the graphs

all the chief characteristics of the induction waves are plotted

against the amplitude of their first harmonic (Bj).

The results of the statical experiments show several inter-

esting features. The hysteresis constant has its masimum value

uljout .0015 which is about the same as Epstein's value. On

plotting it against the induction a smooth curve was obtained

which rises from the origin to a maximmn value at an induc-

tion of 3000 (the value of a- being .00122), it then decreases

to a minimum at 4000, after which there is a steady rise which

continues as far as the experiments go. This curve is similar

in shape to that obtained when using ordinary iron.^

" Stalloy " needs careful handling especially in the unan-

nealed state in order to obtain symmetrical results. When the

magnetizing current is gradually increased and reversals are

freipiently the hysteresis loops are symmetrical and the Stein-

metz coefficient when plotted against the maximum induction

gives a smooth graph. But if, after working at high densities,

an experiment is made with a small magnetizing foi'ce the loop

will be found to be unsyunnetrical and the corresponding value

of o- will lie outside the previously obtained cr graph. This

has also been drawn attention to by Wilson. In the unannealed

state therefore '" Stalloy " seems to be magnetically unstable so

that the previous history of the material has a very marked

effect upon its subsequent behaviour. The annealed " Stalloy
"

showed similar results but these were very little more notice-

able than those obtained for ordinary iron.

1 T. R. Lvle. Loc. cit.
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The other chief results of annealing are to increase the per-

niealjility and to lower the hysteresis loss. The values of the

permeability ^a did not rise to nearly the values obtained by

other observers. For unannealed " Stalloy "' the maximum is

2660 at an induction of about 40(K) and in the annealed rises

to 3500 at an induction of about 6000.

TableW. Statical Results.

(a) Unannealea Stalloy.

N°
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In making comparisons betAveen " Stalloy " and ordinary

iron the results obtained bv Professor Lvle for good samples

of transformer iron have been assumed.

In Figs. 1, 2a, 21), the more important characteristics of

the induction waves which are set out in Tables I. and IV. are

plotted against the amplitudes of the first harmonics of these'

waves.

The curves obtained for " Stalloy " are typical in general

appearance of those obtained for iron and, although plotted

here for only tlie lowest frequency, will be found similar in ap-

pearance for all the induction waves, provided the periods are

constant throughout a series of experiments and are produced

by currents of similar wave forms.

The characteristics /x^ and 6 fall in all cases to low values as

the values of Bi become small and probably vanish with B^-

The rise of in the region of low densities is steeper for annealed

iron than for annealed "Stalloy," the appearance of the graph

for iron being somewhat like that drawn here for the unannealed

"Stalloy." There is this important difference, namely, that for

iron, frequently rises to maximum of 52° whereas for "Stalloy'

the maximum obtained for the same frequency was 47°.

The effect of annealing upon d is to increase its magnitude for

all inductions over about 2000. It will be noticed in the accom

panying graph that the maximum value of increases on anneal-

ing from 33° to 38°. After attaining a maximum value for the

graph assumes a steady downward gradient, which is practically

constant for both annealed and unannealed samples. Along this

gradient there is approximately a constant difference in value

of of about 8° for all values of the above inductions. For

ordinary working inductions therefore 8° may be taken as the

increase effect produced upon $ by annealing.

A difference in the appearance of the permeability curve is

to be noted. For iron this curve takes an almost parabolic form,

having its axis vertical and its apex at an induction of about

10,000 the maximum value of /x,, rising only a little above

3.000 generally.

Annealed "Stalloy" has a maximum permea))ility of 4140

which is attained at an induction of 6500, while tlie unannealed

ring gives a maximum value of aljout 3100 at an induction of
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4500. The /x,,, graph for " Stalloy " is therefore steeper for the

smaller inductions before the maximum value is reached, after

this the downward gradient is more gradual than for iron and at

the same time more constant. Tn general, for a given induction

[jlq is considerably greater for " Stalloy " than for iron.

The effect of annealing is to increase the value of the char-

acteristic very largely. The magnitude of this increase will be

best seen in Fig. 1, the corresponding curves for the other

periods of alteration being very similar in appearance.

The total loss (I.) in the ''Stalloy" shows a distinct im-

provement over that for iron. For all inductions and for all

frequencies the total loss is found to be less for "Stalloy " than

for ordinary iron of the same thickness. A very fair impres-

sion of the Stalloy " total losses will be obtained by taking

two-thirds of the corresponding values for ordinary iron at all

inductions. It is also important to notice that these losses

are greatly reduced by annealing. This reduction is not very

appreciable for inductions below 5000, but above that there is

a marked difference. It will be noticed however that the curves

intersect where the induction is 15,500 ; for inductions above

this the annealed losses increase very rapidly. In comparing

these figaires with those obtained for iron by Lyie it should be

remembered that we have included the effects of the higher har-

monics which in the unannealed ring were considerable. The
conclusions arrived at for these total- losses, namely that
" Stalloy " is superior to iron in this respect and that anneal-

ing very considerably reduces such losses, although discussed

for one speed only are fully borne out by the results for the

other speeds as will be readily seen by plotting curves for the

total loss from the other tables given.

Fig. 2a shows the effect of annealing upon the phase lag of

of the third and tifth harmonics of the induction behind the first.

Both i/fo and i/^- fall rapidly from a maxiniuni value for each as

the value of Bj is increased from zero, they then seem to reach

small limiting values when B, is increased to high values. Here
again as in the statical experiments the necessity of careful

handling was proved imperative. We obtain further evidence

of the instability of the unannealed " Stalloy," for in general the

experimental vari:.«tion from the graph is wider for it than for
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the annealed " Stalloy." In one series of experiments in which

the readings were extended to an induction of about 20,000 the

analysis showed that all the (//-'s suddenly tended towards a zero

value but as the higher harmonics were so pronounced and the

wave form so distorted these results are nut included in the

tables or graphs. That these angles tend to zero value at the

high inductions may be seen by plotting the readings for Table

III.

Comparison with iron show that for extreme values, i.e., for

very low and very high inductions the values of tlie ^'s are about

the same. But between these limits the " Stalloy " gradient is

less steep than that for iron especially for the higher frequencies,

so that in general for a given induction \p is greater for " Stalloy "

than for iron. Annealing as can be seen in Fg. 2a has the eifect

of increasing \^ for all inductions, this increase being more marked

in the higher frequencies.

In Fig. 2b are given the corresponding curves for /i^ and b^.

These curves apparently start from the origin, rise rapidly until

Bi = 1000 and then steadily and gradually increase. The shapes

of the curves are similar to those obtained for iron, and the

values obtained about the same, a very slight increase being

noticeable. Annealing makes only a slight difference in these

characteristics for the low frequency, for the curves intersect more

than once, and what variation there is might almost be due to

instability. On plotting the figures for the higher frequencies,

however, we notice a gradual decrease as was the case for iron in

the values of b^ and b^ as we increase the frequency, as well as a

marked difference between the values for the unannealed and

annealed " Stalloy," which amounts in the highest speed taken

to about 10 per cent, of the latter.

From a practical point of view Fig. 3 is perhaps the most

interesting. In this figure the A'alues of the total, hysteresis,

and eddy-current losses are given for the annealed ring. These

curves show^ an almost proportional increase of I and E with

increase of frequency. That this should be so for E is evident,

but on examination we find that I is given approximately in

terms of n and ^ for values of induction up to 11,000 by

the Steinmetz analogue proposed by Lyle for iron. Namely
for the annealed rinsr.
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I = (.00106 + .0000226«)§'''-'

and for the unannealed ring

I = (.00184
+.0000331«)^i '•

These forms agree fairly well with experiment except in a

few isolated cases occurring chiefly in the unannealed sample.

The value of the exponent for each case is remarkable, for

it seldom falls below 1.57 for iron.

A fair average equation for transformer iron was found to be

I = (.00175 + .000027«)^i •''

The results for eddy-current losses found by us fully sub-

stantiate the claims made by the makers of " Stalloy." Tlie

value of the specific resistance was found slightly higher than

that given by other experimenters but 50,000 may be taken as

a fair working value. • These discs, which are much thicker

(.075 cm q.p.) than those usually used in iron work, show an

eddy-current loss much less than that calculated for iron of only

half the thickness, the value being about one quarter of the

total loss. Seeing that for " Stalloy " I is itself less than for

iron, the former must be considered admirably suitable for

transformer work. The values of E increase rather considerably

with increase of frequency the relative increase being greater

than for I. This fact will be seen from Fig. 3 which gives

all the losses to the same scale.

Perhaps the most remarkable results are those obtained for

the hysteresis loss U. The values for the middle frequency (.035)

only are plotted in the figures ; but by examining the Tables I. and

III. it will be found that the values for the other frequencies prac-

tically coincide with those from which the graph is plotted. Results

for ordinary iron show an increase of ~ U with frequency which

although small is still much greater than the maximum variation

for "Stalloy " wliich occurs between the frequencies .035 and .02.

The values of U for frequencies .07 and .035 are practically identi-

cal. For " Stalloy " therefore U seems to be independent of

the frequency and only about half the magnitude of that ob-

tained for ordinary iron.

The values of the " kinetic hysteresis " I-U-E are given in

the tables. On plotting, these results will be found to form

smooth graphs which reveal an increase of magnitude with

increase of frequency. Here again the values are less than
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those obtained for transformer iron. The values of U obtained

by us are less than those obtained by Wilson, Winson and

O'Dell, and others, but are practically identical Avith the results

given by Barrett, Brown and Hadfield for a sample of silicon

iron closely allied to " Stalloy " in composition.

Fig. 4, which shows the effect of variation of frequency

upon the retardation and permeability for the annealed sample,

is interesting in view of the results just referred to. In general

the results show a similarity of vai'iation to those obtained for

iron, that is increases regularly with increase of frequency

while yuo decreases. In both cases the maxima are reached at

about the same induction, those for at an induction of 4500 and

for /Xq at an induction of about 6500.

One point is striking, namely, that the graphs for /x^ for fre-

quencies .035 and .02 intersect. Since there were a fair number

of points taken and the results were very different in the twa

cases, this cannot be due to experimental error nor to any varia-

tion in the wave form of the magnetizing current, for the tables

show this to be very constant. Corresponding to this deviation

from the usual result will be noticed a distinct difference in the

general appearance of the graphs for 6 which is not existent in

the graphs for iron. This correspondence is to be expected

seeing that [x^ and 6 each depend on Bj and o> as well as upon

the wave form of H,. Wliatever deviation from the usual rule for

iron there is, seems to have taken place in the middle frequency,

so that for this particular frequency /x,, is for inductions up 5000

less that one would expect. It may be possible that the previous

high current densities used in the lower frequency had some after

effect lasting until the maximum was reached, though precau-

tions were taken to avoid this.

Summing up, therefore, generally, we may say that the chief

results to be noticed are that—
(1) "Stalloy" cannot be used to advantage in the un-

annealed condition.

(2) In the annealed state the results obtained fully bear

out the claims made by the makers, the permea^

bility being very high and the losses small, par-

ticularly the eddy-current loss.
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(3) The results slightly differ from those of other ex-

perimienters, the permeability being generally a

little lower in our results than in theirs.

(4)
" Stalloy " behaves very much like ordinary iron

under varying frequencies.

(5) The constancy of the value of the hysteresis loss for

different frequencies is remarkable.

In conclusion, we desire to express our thanks to Professor

Lyle both for his valuable advice and kindly interest and also

for placing the necessary apparatus at our disposal. Our

thanks are also due to Messrs. Weymouth and Co., Melbourne,

for supplying the samples used in the experiments and for

stamping out and annealing the same.

EXPLANATION OF PLATES LXIL-LXV.

Plate LXIL
Graph showing permeability, retardation, total loss and eddy

current loss for both annealed and unannealed "Stalloy."

Plate LXIII.

Fig. 2a.—Variation of 3rd and 5lh harmonic phase-angles with

the induction, for "Stalloy."

Fig. 2b.—Variation of 3rd and 5th harmonics for "Stalloy."

Plate LXIV.

Variation of the iron losses with induction for different frequen-

cies for " Stalloy."

Plate LXV.

Variation of permeability and retardation with the induction for

difierent frequencies.
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—

Morpliology of the Vermiform

Appendix}

By WALTER STAPLEY, M.D., D.V.Sc, M.R.C.V.S.

(Lecturer on Anatomy and Surgery in the Veterinary School,

University of Melbourne),

J. C. LEWIS, B.V.Sc.

(Caroline Kay Scholar).

(Eead 10th November, 1910).

[With Plates LXVI.-LXXVa.]

Since Owen's time, but more particularly during recent years,

comparative anatomy applied to the vermiform appendix has

been in a state of retrogression. This fact is marked by the

disappearance from current literature of description of the

vermiform appendix of the wombat. (Fig 1.)

Owen, by his great ability, the possession of John Hunter's

collection and the friendship of the Prince Consort, was able

to employ comparative anatomy effectively. Until late in life,

Owen was unhampered by religious controversy. When Huxley

crushed the opposition of Owen to the law of evolution a

serious setback to comparative anatomy was unconsciously

given, Owen being at that time the authority on that branch

of science. Thus comparative anatomy, upon which the law of

evolution is largely based, became neglected on the acceptance

of that law.

Since Owen's time those who have written on the comparative

anatomy of the appendix have confused minute structure with

shape. The work of Owen and Treves, because of its great

intrinsic wox-th, deserves close study. The comparative anatomy

1 The work was done in the Veterinary Kesearih Institute, Universitv of Melbourne,
and in the Zoolojcical Gardens, Melbomne.
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in Kelly's great work on the appendix is very inaccurate.

Mitchell's work on the digestive tract is riddled with error,

especially his remarks on the wombat. Mitchell denies that

the wombat has a true vermiform appendix. He says the

wombat has two avian caeca, one of which has been mistaken

for the vermiform appendix. After making this amazing state-

ment, Mitchell says he has never seen a wombat caecum, but he

has seen a drawing of a wombat's caecum by Flower.

The vermifornx appendix is a peculiar caecal shape which

occurs only in mammals. (Fig. 2.) To extend the study of the

appendix into birds is therefore futile. Mitchell has carried the

avian double caecum into mammalian work in the wombat to his

own confusion. After extended observations on the caeca of

many varieties of birds, we see nothing in them throwing any

light on the mammalian appendix. Caecal size varies greatly in

different varieties of birds ; for instance, the common laughing-

jackass (Daceln) of Australia has complete caecal atrophy, the

wedge-tailed eagle (Aqiiila audar) and the lyre bird (Menura

victoriae) each have two atrophic caeca about the size of a rice

grain, the cassowary (Casuarius) has two caeca about two and

a-half inches long. Pheasants, ducks, geese and swans have

well-developed caeca. It is interesting to note that the Nankeen

night-heron (Xycticorax ) has a single caecum like a mammal,

and that the Indian python has a well-developed single caecum.

The monitor (Varatrus) is particularly interesting because he

shows a caecum in the process of fornuition. These variations

of caecal development do not, however, lend themselves so

readily to explanation as the caecal variations that occur in

mammals, because we know less of the habits of these animals

than we know of the habits of mammals.

Since Huxley defeated Owen several facts relative to the

appendix, familiar to Owen and described by him, have by later

Avriters been displaced, but by fallacies. (Fig. 3.)

The rabbit in place of the wombat now is regarded by Mit-

chell as the possessor of a vermiform appendix. What does the

word vermiform mean? Worm-like. (Figs. 1, "2, 7.)

Kecent work on the appendix has ignored shape and devoted

itself unsuccessfully to histological investigation ; a result which

nuist always follow when naked-eye anatomy is sui)|)lanted by
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microscopic anatomy. Tliat which the microscope makes clear

is not the form of the tissue-mass from which the section Avas

made, but the histological elements of which the mass is com-

posed.

Years ago Owen saw that the peculiarity of the rabbit's

caecum Avas that lymphoid tissue formed the caecal end. He

microscoped it (Fig. 4) ; he also miscroscoped the human vermi-

form appendix (Fig. 5). He described the lymphoid tissue in the

rabbit's caecal end as miassed lyn^phoid tissue, while he de-

scribed the appendix of man as containing less lymphoid tissue.

It did not occur to Owen, on account of the presence of this

naassed lymphoid tissue, to name the end of rabbit's caecum

vermiform. Owen did not I'egard the rabbit as showing that

rare form of caecum which he thought of under the name of

yermiform appendix.

Lockwood at a later date emphasised the presence of lymphoid

tissue in the human appendix. Mitchell, on account of the

lymphoid end of the rabbit's caecum, calls it " the vermiform

appendix of the rabbit." (Fig. 3.) To quote him, " The rab-

bit's, caecum is capacious and ends, as is well known, in a

finger-shaped, narrow, thick-walled vermiform appendix." Since

this loose description was adopted all sorts of caecal ends have

erroneously been dubbed vermiform. No valid reason has yet

appeared for repressing the original meaning of the word

vermiform and twisting it to mean digit iform or distorting it to

mean lymphoid.

The " abdominal tonsil " theory of the appendix has resulted

from confusing things that are distinct in structure and form.

Berry and Ellenberger have accepted the lymphoid! tissue of the

caecum as the agent that compels the vermiform appendix to

come into being. To quote Berry, '' The vermiform appendix is

a part of the alimentary canal specialised for lymphoid function,

and not a vestigial remnant.''

Lymphoid tissue in an atrophic vermiform appendix should

be regarded from many view points before it can be accepted

as the causation of the appendix. That this lymphoid tissue is

not drawn up and enmeshed in tissues during the recession of

the caecum is not yet proven. The basis of lymphoid tissue is

round cells. A mass of round cells must assume that shape which
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their containing tissues determine ; therefore lymphoid cells

cannot compel form. The atrophic caecum of the cat has no

vermiform appendix. It has as much, or about as much,

lymphoid tissue as the human vermiform appendix. (Fig. 6.)

The law governing lymphoid tissue must be the same in a cat's

caecum as in a man's caecum. As the lymphoid tissue is equal

in each case and the shape differs, the statement that lymphoid

tissue compels form is denied by the cat's caecum. During

recession of the caecum it is quite possible to believe that

lymphoid tissue may offer some obstacle to atrophic processes

by affording the muscular walls a content grip—a totally dif-

ferent process from the development of the appendix for

lymphoid protection. To accept the idea that the appendix

develops for the protection of lyiuphoid tissue in a caecum that

has reached an advanced stage of atrophy compels one to believe

that a duality of processes (atrophy and hypertrophy), each

opposing the other, occurs at the same time in the same caecum.

The pig has a Peyer's patch about six feet long, and yet for

the reception of this vast expanse of lymphoid tissue no ap-

pendix ia developed. One wonders how this mass of lymphoid

tissue manages to exist without a vermiform appendix when we

are asked to believe that the insignificant amount of lymphoid

tissue in the human appendix is the cause of the development of

vermiform appendix. If lymphoid tissue compelled the vermi-

form appendix to develop, the intestinal tract should be studded

with vermiform appendices wherever lymphoid tissue occurs.

If lymphoid cells compel the shape of the human appendix, they

also compel the shape of the wombat's vermifonn appendix.

The vermiform appendix of the wombat contains no different

amount of lymphoid tissue from what is normal to the intestine.

We have sectioned the vermiform appendix of three different

wombats. In two of these the sections fail to show any lymphoid

tissue. Mr. W. Fielder kindly sectioned a wombat's appendix

for us ; his first sections were like ours, negative. On prolonged

search he discovered solitary follicles, a condition which he con-

siders normal to the caecum. (Fig. 18.)

We have been unable to find any test which, applied to the

lymphoid tissue of the human appendix, would lead us to l)elieve

that lymphoid tissue is the cause of the development of the
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vermiform appendix. We strongly believe that an appendix

cannot develop, but that it results as a vestige marking recession

from a larger caecum.

Direct comparison of the rabbit's caecum with man's caecum

is impossible, because there is a vast difference between the

caecal evolution of man and the caecal evolution of the rabbit.

A comparison of the rabbit's caecum with man's caecum is as

great an absurdity as a comparison of man's brain with a

rabbit's brain.

Before caecal comparison can be made, a satisfactory basis

of comparison must be established. The basis of caecal compari-

son must be the relationship in caecal development which the

compared anmials bear to their respective natural orders. The

rabbit, among the rodents, is distinguished' by enormous caecal

development. (Fig- 3.) Man, among the primates, manifests

atrophic caecal recession. (Fig. 2.) No primate shows an

enormous caecal development at all comparable with the enor-

mous caecal development of the rodent rabbit. Among the

marsupials we find the koahi (Fig. 19) with enormous caecal de-

velopment. Therefore we believe the rabbit and the koala are

fit animals for direct comparison. The koala and the rabbit

each have the mucous membrane of their caeca raised in ridges

for the purpose of absorption ; neither caecum is sacculated by

muscle bands.

The rabbit's caecum and the koala's caecum are both enormous

organs, but differ in that the koala's caecum shows no lymphoid

gland at the caecal end. Therefore in orderly comparison the

rabbit gland turns out to be an arrangement not common, but

casual to great caecal development, a glandular arrangement

casual to that stage of caecal evolution.

Although the rabbit's caecum cannot be directly compared

with the caecum of a primate, it is possible to institute mediate

comparison by' finding a rodent animal in the same stage of

caecal evolution as some primate animal. The viscacha and the

beaver-rat are sufficiently near the lemur (Fig. 11) to make com-

parison between rodents and primates jDossible. Neither the

end of the caecum of the viscacha nor the caecal end of the

beaver-rat show the lymphoid gland which is obseiwed in the

end of the rabbit's caecum. Therefore this lymphoid gland of
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the rabbit is lost in procession through the rodent order. With

such knowledge it is futile to pursue the investigation of the

rabbit gland further. It is entirely illegitimate to believe that

the rabbit's caecal lymphoid gland should make its appearance

in the vestigial vermiform appendix of man or of the wombat.

Neither in external appearance nor in structure is there a

likeness between the vermiform appendix of the wombat (Fig. 7)

and the caecal end of the rabbit. Anatomists cannot accept

each of these animals as the possessors of vermiform appendices

unless they deprive the word of all sense and meaning.

A likeness has been seen by Mitchell in working out the

lymphoid theory between the caecal end of the rabbit and the

vermiform appendix. The lymphoid gland in the rabbit's caecal

end causes such an upheaval of the mucous membrane that the

lumen of the caecal end of the rabbit becomes narrowed to such

an extent that its digestive function is reduced to a minimum

or altogether ceases. On opening a rabbit's caecum this area

of caecum is often found empty of ingesta, whilst the remainder

of the caecum is distended with ingesta. The sole likeness of

the rabbit's caecal end to the vermiform appendix lies in the

fact that both canals are narrowed in the lumen and conse-

quently are of little account as digestive organs. In evolu-

tionary changes the rabbit is remotely removed from that stage

of caecal involution at which a vermiform appendix becomes

jjossible. (Fig. 8. B.) If lymphoid tissue is to take the place of

shape in naming the end of the caecum, the rabbit's caecal end

represents the truest type of vermiform appendix. The vermiform

appendix was named before a,ny thought was given to its con-

tained lymphoid tissue. Since histologists mistook lymphoid

cells for shape the rabbit's caecal end lias been erroneously

called a vermiform appendix.

The shape of the appendix depends on the nnisciihir wall oj the

caecieni, the oi/tstandino cause i>ein!^- the external longitudinal muscle

coat arranged in bands over tvhat is regarded as the caecum, and in

a sheath or sac over that part of the caecum ivhich is called the

veriniforin appendix. (Figs. 2 and 7.)

Surgeons guide themselves to the appendix by following the

longitudinal muscle bands. Morphologists nmst, in order to

tmderstand the force which compels the characteristic shape of

the appendix, also follow the longitudinal muscle bands.
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On the large intestines the longitudinal muscle bands are

about half the length of the entire gut (man). From the short-

ening that these bands produce the sacculations of the bowels

result. These bands commence at the setting on of the appendix

from Avhich point they diverge on to the caecum and thence to

the colon. The external muscle coat can be profitabl}^ studied

with the use of Ti'eves' classical " four types of caecum." (Fig.

Type A is a cone-shaped caecum Avhich Deaver calls infantile.

It represents about two per cent, of the caeca of the civilised

races. This A type is a caecum which has not formed an

appendix ; the muscle bands terminate at the narrowing of the

cone into the muscle sheath enveloping the end of the caecum.

It is a caecum in the immediately pre-appendicular stage. When
the muscle bands that terminate at the narrowing of the cone

come into activity, they deliver their pull at a point which

becomes the appendicular outlet of the caecum. With the re-

traction of the caecal muscle bands, the caecum is shortened

above the appendix, and with this shoi-tening an increased

breadth is established, due to a bellying-out of the circular

fibres. Two factors operate to shut off the appendix from active

digestive function—the pull of the longitudinal muscles delivered

at the junction of appendix and caecum serves to produce a con-

striction and to shut off the appendix from the caecum proper

—

the sacculation of the caecum produced by the bellying-out of the

circular muscle, assisted in the upright position by gravitation,

leaves the appendicular opening as a small hole in a big area of

caecal fundus. The caecal fundus does not act as a guide of

ingesta to the appendix (Fig. 9) ; it so acts that food contained

within the caecum engages the appendicular opening with great

difficulty.

1/ the muscle bands continue to the apex of the caecum, as

they do in the baboon, tio appendix results, because the whole

caecum is drawn ttp and no part shut off from the caecutn to

form a veriform appendix (Fig. 10). The lemur (Fig. 11) re-

presents a type of caecum which, if atrophy continued in that

species to the advanced stage shown in man or in the wombat,
would develop a caecum carrying a vermiform appendix, pro-

viding atrophy continued along the present lines indicated by
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the muscle bands and the muscle sheath at the caecal end. The

lemur's caecum is much like an enlargement of a combined

human type—Treves' type A and a foetal caecum (Fig. 12).

Without going outside the primate order, evidence is forth-

coming of two ways in which a caecum may recede from the

large to the sixiall, as in man with an appendix and the baboon

without an appendix. In the same order the lemur's caecum is

that type which 'may recede and form during that involution a

vermiform appendix.

Treves' B type which, according to Deaver, represents three

per cent, of the human caeca, shows the appendix fully formed

in the fundus of the caecum. It should be regarded as the

earliest type of appendix. From point of origin the fundus of

the caecum, to the ileo-caecal valve, is the range of atrophic

take-up brought about by the pull of the mesenteric longitudinal

band. Therefore one phase of caecal atrophy, in animals which

develop a vermiform appendix, is a line of migration of the

appendix from the fundus of the caecum to the lower lip of the

ileo-caecal valve, a migration proceeding concurrently with

general caecal atrophy. Before complete atrophy of the appen-

dicular caecum can occur, the appendix must remain anchored

to the ileo-caecal valve for a time which cannot, in our state of

knowledge, be stated. Before that point can be approached, we

must discover either a wombat or a man in which complete

atrophy of the appendicular caecum has occurred. We do not

think that the discovery will be made at an early date, because

many human caeca are still in tlie early stages of appendicular

evolution and the wombat (Fig. 14) is in a stationary period,

his food being subjected to very slight variation. We do not

consider loss of the appendix by disease a true atrophic process

;

at present to approach the question from the standpoint of

sepsis is not a method free from solid objection. We have

already said that some animals, as the baboon, will lose the

caecum without the appearance of a vermiform appendix, if

complete atrophy of the caecum be subsequently established in

them. Primates as an order do not lend themselves to a com-

plete study of caecal atrophy, because, as far as we know, com-

plete atrophy has not occurred in primates. We must there-

fore study those changes in an order In which we have unmis-
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takuble evidence of complete atrophy having occurred. Because

complete atrophy of the caecum has occurred in the marsupial

order, accompanied by appendicular formation, the Australian

order stands alone in value for the comparative study of the

caecum.

Briefly considered, marsupials afford three most interesting

types :
—

(1) The koala (Phascolarctus cinereus) (Fig. 19), with a huge

caecum.

(2) Th,e wombat with a caecum represented by a true

vermiform appendix (Fig. 7).

(3) The Tasmanian devil (Sarcophiiu.s satanicus (Fig. 15)

without a caecum.

Tlie Carnivora throw a strong sidelight on caecal variations.

No muscle bands form on the caecum, consequently caecal

atrophy occurs in those animals without the formation of a

vermiform appendix. The hyena has fair caecal development.

The mongoose has an atrophic caecum which would show a

vermiform appendix had the arrangement of the longitudinal

bands been suitable ; but it has no vermiform appendix.

The Himalayan bear has no caecum. Thus in the mongoose

a small caecum occurs without muscle bands ; in the bear caecal

atrophy has proceeded to completion. Considering the three

orders, Primates, Marsupials and Carnivora, we are able to

definitely state that three stages of caecal atrophy are possible.

1.

—

With an ajjpendix, resulting from the external muscle

coat forming bands on the caecum, and a muscle sheath on the

appendix. (Man, Fig. 2 ; wombat, Figs. 14, 1, 7.)

2.

—

Without an appendix, the muscle bands terminating at

the apex of the caecum. (Fig. 10.) Baboon.
3.

—

Without an appendix and without muscle bands, as in the
mongoose or the domestic cat.

The variations of the external muscle coat explain the infrequency

with ivhich caecal atrophy is accompanied by the formation oj a
ver7nijorm appendix.

The dog is of great interest because its caecum is distorted by
peritoneal adhesions. About the distortion of the dog's caecum
and the appendix of man a common cause operates, viz.,

peritoneal adhesions. As both man and dog are irregular and
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erratic feeders, the question arises whether the distortion seen in

the dog's caecum and in man's appendix are due to adhesions

contracted di^ring varying distentions of the digestive tract

which shift these organs into varying positions.

Treves' type C is, perhaps, from an anatomical standpoint,

the least important of his types. It represents the com-

monest type found in man (the normal caecum of Deaver), and

thus assumes an importance on that account alone. It repre-

sents the migration of the appendix half way between the fundus

of the caecum and the ileo-caecal valve, a migration due to the

pull of the mesenteric muscle band.

Treves' type D, also Fig. 16 and the caecum of the wombat

(Figs. 1 and 7) are alike. In each case the appendix opens on

or into the lower lip of the lieo-caecal valve, having been

dragged to that position by the pull of the mesenteric muscle

band. Under the pull of this band, atrophy on its side is estab-

lished earlier than on the free side, and the drag of the

mesenteric band is transmitted to the colon, which assumes a

position mimicing caecum when caecal atrophy Becomes extreme.

The caecum on the free side atrophies as the sphincteration of

the colon eases under the influence of diet of less bulk and

greater nutritive power. In the human caecum, variations of

type D occasion much confusion during surgical operations. These

confusing caeca have been under the influence of a preliminary

artophy which has subsequently been subjected to caecal disten-

sion. Fig. 1.3 shows this condition. The point of interest is

the U-shaped longitudinal band which offers clear evidence that

the colon has been drao-cred down either bv distension or this

force plus gravitation.

We have examined a number of Victorian wombats' caeca.

(Figs. 1-14.) They all show Treves' D type caecum^—^the appen-

dix of a small size. A Avombat's caecum sent us by Mr. Desmond

/rom South Australia (Fig. 7) is also of Treves' type D ; its

appendix, however, is about three times the volume of the Vic-

torian's. Perhaps we have an abnormally big appendix from

South Australia
;

perhaps food differences in the two States

explain the lesser ^trophy shown by the wombat of South

Australia. This is a point which should be cleared up. In a

paper published in the '' Australian Medical Journal " of 20th
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August last, the caecal changes due to food were dealt with. It

remains for us to point out that although the state of the bowel

development depends wholly upon food taken undgr the process

of natural selection, yet when deductions are drawn from, com-

parative anatomy, those deductions must be controlled by a

knowledge of the trend of the order. A study of mar-

supials, for instance, creates the belief that marsupials

are more responsive to food change than primates. The

extreme atrophy of the caecum in the wombat occurs on a

nutritious diet composed wholly of vegetable matter. When
we reflect on the fact that the koala nourishes its tissues wholly

on gum leaves, we are struck by the wonderful constructive power

of the koala's (Fig. 19) intestines, which convert into strong

animal tissues that Avhioh to other animals is an indigestible

poisonous scented fibre. This higher digestive efficency explains

why the wombat sliows caecal atrophy upon a diet which,

if taken by man, would require a considerably larger caecum

than he has now.

The difference between type D, human appendix, and the

wombat's appendix is one of distortion. The human appendix

being distorted by erratic peritoneal adhesions, the wombat's

appendix being straight.

An amendment of Treve's four types of caecum is necessary,

because in those types is not included the foetal type, which

differs from type A in showing no longitudinal muscle bands.

Preappendicular types—
T}'/>e A, No. 1—Foetal caecum. No bands. (Fig. 12).

Type A, No. 2—Infantile caecum. Banded. (Fig. 8 A).

Appendicular types

—

Type B—The earliest appendix or fundal appendix. (Fig. 8 B).

Type C—The intermediate appendix. (Fig. 8 C).

Type D—The late or ileo-caecal appendix. (Fig. 8 D).

The foetal caecum is proportionately bigger than the adult

caecum (man).

Foetal measurements (8 months estimated)

—

Stomach and small intestines - 1.04 metres

Caecum - - - - - , .06 „

Large intestines - - - .24 „
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Adult measureiuents (Morris)—
Stomach .30 metres

Small intestines - - - 8.00 „

Large intestines - - - 1.40 ,,

Appendix .10 ,,

Caecum ----- .06 ,,

In tlie adult the proportionate increase of length from foetal

type is :

—

Stomach and small intestines - Eight times

Large intestines - - - About six times

Caecum and appendix - - Less than three times

In the Joetus the caecal ratio is about one to tivettty-itvo ; in the

adiilt, about one to sixty-one.

In studying the five human types we observe that the foetal

caecum is a relatively larger organ than an infantile caecum,

for this has become shortened by the pull of the muscle bands

which ai-e set into the muscle sheath, the sheath which in type

B becomes the appendix. From this stage in caecal atrophy the

miost easily followed atrophic process is that along the mesenterio

muscle band. This process enables the appendix to migrate from

the fundus of the caecum to the ileo-caecal valve—a migration

going on concurrently with general caecal atrophy. Figs, (type

B, Fig. 8. and type D, Fig 8.)

The recession of the human caecum from large foetal type to

small adult type is marked by a peculiar variation in the

external muscle coat through which, by the pull of the muscle

bands on the muscle sheath, an appendix is formed.

The five types of human caecum indicate that during modem
times caecal atrophy has been progressing at varying speeds,

due to sections of the race adopting foods of different bulk.

Rapid food changes have occurred concurrently with material

progress and increased transportation facilities. Those in type

D have been for a long period taking food of small bulk and

high nutritive quality ; those in type A have remained on the

bulkier food of their ancestors or a food more bulky than is

used by type D. Type C—the intermediate type—represents

the mean of these extremes ; it is the common type. Upon the

embryological principle " that the higher types pass through

stages during their development that are permanent in some

9
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of the forms below them in the scale of evolution," the I'ecession

of the caecum from a longer type is established. Those who

deny that the appendix is a vestige of a larger ancestral caecum

have the weight of embryological evidence again them.

Heisler's emibryology says:
—"In the third month the

appendix has already acquired the form of a slender curved tube

projecting from the caecum. At the time of its first appearance

and for some weeks later the apjjendix has the same caliber as

the caecum. Subsequently the caecum outstrips the appendix in

growth, the latter appearing in the adult stage as a relatively

very small tube attached to a much larger caecum."

The claim that is made that the aj^pendix is a development

and not a recession is I'efuted by a macroscopic study of the

anatomical types of caecum, by a study of the embryology of

the appendix and caecum, and by studying the lines of force that

go to determine the appendicular shape. Upon such lines it

is quite easy to follow during atrophic processes the formation

of the vermiform appendix, but it is not possible to understand

the development of an appendix. The vermiform appendix can-

not be developed. It can only be formed during recession of the

caecum. Development cannot occur because development im-

plies "an increased caecal content, and an increased caecal content

exerts its force against the fundus of the caecum and not against

the appendix. (Fig. 13).

Leaving the subject of caecal changes in man, we will deal

with caecal changes in the only order besides primates that has

an animal which shows a true vermiform ajopendix—the mar-

supial. Outside primates, ttie only animal that has an appendix

is the wombat. (Figs. 1-7.) There are many points of strong

resemblance between the wombat and the koala (Fig. 19), for

it is highly probable that at an early date they were closely

related. The koala took to the gum trees and lived exclusively

on gum leaves; the wombat took to the ground and lived on

roots and other food less bulky and more nutritious. The his-

tory of this change of food is to be seen in the caecum of these

animals. The koala has an enormous caecum to digest its gum
leaves, the wombat has only a vermiform appendix to represent

its caecimi; otherwise the digestive tracts of the wombat and

the koala are alike. The Victorian wombat (Phascolomys
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mitchelli), Fig. 1, has a small appendix and complete atrophy of

the remainder of the caecum. With this complete atrophy the

muscle bands on the colon have become faint or they have dis-

appeared from view. The wombat sent from South Australia

(Phascolomys latifrons), Fig. 7, has a larger appendix than the

Victorian (Fig. 1), and the caecal atrophy is less complete;

muscular bands are well shown on the colon, Fig. 7.

Measurements

—

Caecum Verm, appeii. Stomacli Colon Sm. intestine

Xoa/a - - 2.30 — .35 3.80 1.07

Womlnit (young)

F. mitchelli - .02? .012? .08 .65 1.73

lVo7nl>at (adult)

P. mitchelli - .05? .05 .50 5.60 3.27

In the Koala the ratio of stomach to small intestine is

Stomach - - - 0.35

Small intestines - 2.07

•or rather less than one-sixth.

In the Wombat the ratio of stomach to small intestines is

Stomach- - - 0.50

Small intestine - 3.27 '

or about one-sixth.

In the koala the ratio of large bowel to small bowel is 2.30,

plus 3.8, equals 6.10 of large bowel upon 2.07 of small bowel,

which roughly represents a preponderance of large gut over

small of 3 to 1.

In tKe wombat the large bowel is 5.65, tlie small 3.27, or,

roughly, \\ to 1. This represents the ratio of large bowel

atrophy which has occurred in the wombat.

Fig. 20 is an infantile wombat caecum. Its measurements

were made before we had worked out the forces of appendicular

formation, and we consider that these caecal measurements

•demand suppoi"t by measurements of further specimens before

we consider them acceptable. We shall therefore refuse to be

guided by the figures indicated by a query. It is quite clear,

however, that during the formation of the appendix in the

wombat the caecum a.s a functioning intestinal organ has been

lost by atrophic changes.

The Tasmanian devil, having no cellulose to digest, and taking

'JA
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a carnivorous food, has only 1.9 metres of stomach and in-

testinal tract. (Fig. 15.)

Generalisation and Summary. In Keen's surgery we read

:

" It is an established f^t that appendicitis is more prevalent in

some families than in others. On the other hand certain fanii-

lies seem to have complete immunity against the disease. Lucas

Champonnier, 1904, analysing 22,000 patients among Roumanian

peasants, found but one case of appendicitis ; they live mostly

on vegetables. The Roumanians in the city, chiefly on animal

diet, are frequently affected, one case of appendicitis among

every 221 patients. The vegetarian diet of the Japanese and

the Indians in India seems to protect them against appendicitis.

The absence of appendicitis among the Arabs living in tribes and

on vegetables, with its prevalence among those in cities where

meat is the chief diet, has already been spoken of."

These observations agree with widespread medical opinion

;

it does not necessarily follow that they are wholly correct. The

Zulus are great meat eaters. South African surgeons should

settle the point whether Zulus are often attacked with appen-

dicitis. We are inclined to the idea that appendicitis is as rare

amongst Zulus as amongst other savages ; the Zulu on his meat

diet is built on athletic lines, the Indian coolie on his rice food

is a miserable specimen of humanity compared with the robust

Zulu. It seems to us that the meat theory of appendicitis is not

firmly established, and widespread scientific investigation of the

influence of food on bowel structure is required.

When such careful investigation is made, we believe that instead

of blaming meat alone for causing appendicitis no special food

will be blamed ; but that it will be shown that any food of small

bulk and high nutritive quality if taken by an animal used to

a bulkier food containing cellulose for a long period, causes

atrophy from disuse of the caecum. After studying many forms

of intestines it becomes impossible to escape the belief that the

function of the bowels dominates their development. Compara-

tive anatomy is waiting for the establishment of the anatomical

types of caecum that prevail among the races of mankind.

The wombat, being the only animal outside the Primates

showing a vermiform appendix, lends a peculiar Australian

interest to the study of the morphology of the vermiform

appendix. The wombat completely refutes the theory that the
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vermiform appendix is developed for lymphoid tissue. With

this lymphoid theory swept away the older and correct theory

remains established. The vermiform appendix is the vestige of

a larger ancestral caecum. Practically it has no function, its

small size denoting loss of function by atrophy.

The appendix is a rare form of caecal involution which is due

to the peculiar arrangement of the external muscle coat of the

caecum (longitudinal bands on the caecum terminating in a

muscle sheath on the vermiform appendix).

DESCRIPTION OF PLATES LXVI.-LXXVa.

1. Wombat (Phascolomys mitchelli). Caecal area showing

vermiform appendix.

2. Human vermiform appendix.

3. Rabbit's caecum showing pseudo-vermiform appendix.

4. Section of rabbit's caecal end showing massed lymphoid tissue

5. Section of human appendix showing lymphoid tissue.

6. Section of kitten's caecum showing lymphoid tissue sur-

rounding the mucosa.

7. Wombat (Phascolomys latifrons). Caecal area showing

vermiform appendix.

8. Treves' four types of caecum.

9. Outlet of appendix into caecum.

10. Baboon's caecum showing bands terminating at apex of

caecum.

11. Lemur's caecum showing bands terminating in muscle sheath.

12. Foetal caecum, human.

13. D type of caecum showing U-shaped muscle band resulting

from distension following atrophy.

14. Intestines of wombat.

15. Undifferentiated intestinal tract of Tasmanian devil

(Sarcophilus).

16. Human caecum like a wombat's caecum.

17. Section of wombat's caecum. A. Solitary lymphoid nodule.

18. Section of wombat's caecum. A. Solitary lymphoid nodule.

19. Koala's caecum.

20. Young wombat's caecal area showing appendix.

21. Caecal area, ileum, vermiform appendix, and colon. Flin-

ders Island wombat (Phascolomys ursinus).
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Art. XXIX.

—

Some Observations on the Coni^jarative

Anatomy of the Fibula. ^

By WILLIAM MACKENZIE, M.D., F.R.S. (Edin.).

(With Plates LXXVI.—LXXVIII.).

[Read lOtli November, 1910].

Bone serves vai'ious uses in the animal economy. Of its sub-

sei^nence to muscle there are numerous instances scattered

throughout the comparative world. Thus, muscle dominance

produces a broadening of the bone surface where muscle attach-

ment is required, and a narrowing or rotundity where such attach-

ment is diminished or absent, compactness or lightness of bone

"where strength or otherwise is requisite, and bony ridges, and

projections to afford leverage, as, for example, in the case of the

attachment of the two thigh flexors in the leg of the Koala

Phascolarctus. As obviously the erect position adopted by man
and consequent mode of progression have impaired the func-

tion of numerous muscles throughout the body, i-ecognition of

acconitpanying bony changes becomes a matter not only of com-

parative, but also of surgical interest.

If we regard the extremities, one would naturally expect such

changes to be more marked in the lower than the upper limb,

and indeed that is so. Man's hand not distinguishable much

from that of the tree climber, and having independent thumb

action is capable of numerous possibilities of adajDtion, though

Koala with his two thumbs is to be envied ; but in the lower

limb which we use solely for ambulation no longer have we

the approximating Hallux of the Koala or Lemur—we simply

require a broadened surface for support ; the intermediat-e

position between the Hallux of man and of the Lemur or Koala

being seen in the Baboon. Associated with this alteration of

1 The work in connection with this paper was done in the Anatomical Department,

Veterinary School, Melbourne University.
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the position of the Hallux and the loss of power of adduction

we have an impairment of the mobility of the foot, the diminish-

ed call for work resulting in lessened extent and variety of

muscular activity and subsequent changes in the bones of the

leg.

In the upper limb associated with the adduction of the

thumb we have the movements of pronation and supination,

and for this, two forearm bones are necessary. In the Koala

and Lemur with great mobility of the feet, the uses of which are

almost, if not as great as those of the hand, we find both bones

of the leg, namely, the Tibia and Fibula well developed and in

the Koala little distinguishable in size, and both entering into

the formation of the ankle and knee-joints ; but in man and

the Kangaroo, where the erect position predominates and sup-

port only is requisite, the question of the utility of a second

bone in the leg is raised.

Hence a comparison is necessary, the basis of which de-

pends on the mobility or otherwise of the ankle-joint which

is itself a natural association of an approximating Hallux.

Before entering into this consideration a brief review may
be made of the Fibula as occurring in man. Although the Tibia

—the companion bone in the leg—is the longest and largest

in the skeleton excepting the Femur, the Fibula is on the other

hand, in proportion to its length, the most slender of all the

long bones. Its upper end forms no part of the knee-joint,

its chief function being to increase the surface for muscular

attachment, while at the lower end it supports the outside of

the ankle-joint. It may, though rarely, be completely absent,

an instance of which Hughes reported at a recent meeting of

the Intercolonial Medical Congress. In some instances the upper

and lower ends may be distinct, the shaft having disappeared,

being represented but by a thickening of the interosseous mem-

brane connecting the two ends. In fact congenital absence

of part of the bone is more frequent than that of the

whole bone, which when present causes great disability of the

foot and difficulty of ambulation, not on that account only but

owing to its frequent association with an imperfect develop-

ment of the tarsal bones and an absence of one or more of the

four outer toes.
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A not infrequent condition is a, separation of the shaft into

two portions at the junction of the middle and lower thirds.

Though unassociated with disability in walking j-et in some

cases the ends may form prominences beneath the skin for which

the surgeon may be consulted. That there is a lack of resis-

tance of the narrow lower third of the leg is undeniable, affect-

ing not only the bony structures but the soft also, since Rickets

here first manifests itself, and ulcers of the leg are usually met

with at this spot.

Associated with the narrowing of the lower third of the leg

which is necessary for activity of movement, since size and

weight would impede locomotion, we have practically no origin

of muscular fibi-es ; the muscles are becoming more or less

tendinous ; they lie close to the bones and are held firmly

in position by strong bands of fascia.

It will now be necessary to enter on a desci'iption of the

Fibula as it occurs in animals of different specit^s, the animals

chosen having undoubtedly an important bearing on the com-

parison.

Koala ( Phascolar,tus chiereus).

In both the Koala and the Australian Phalanger with the

hind foot broad and an opposable and serviceable Hallux there

exists a greater freedom of movement between the Tibia and

Fibula than in others of the marsupialia, approaching in some

degree to the rotation between the Radius and Ulna. In Koala

the disproportion between the Tibia and Fibula is slight and

excepting the monitor lizard (Varanus) less than that occurring

in the other forms examined. The head of the bone is well

developed and articulates with the Sesamoid bone in the outer

head of the Gastroenemius with the outer tuberosity of the

Tibia and also with the outer condyle of the Femur, so that

it partakes in the knee-joint. The lower end is well developed,

with the outer Malleolus slight, and the Fibula is seen to play

as almost an important part in the formation of the ankle-

joint as the Tibia.

Lemur [Leiiun- catta).

Here as in the case of the Koala there is a wide range of

movement at the ankle-joint and the Fibula is well developed
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and distinct all through from the Tibia. Above we find the

outer tuberosity of the Tibia forming a smooth projecting rim

round which the head of the Fibula is allowed to play, resem-

bling somewhat the condition found in the Radius and Ulna

of the forearm. Tlie lower end is well developed and takes an

important part in the formation of the ankle-joint. There is

good muscular attachment of the Extensor muscles and

Peronei along the shaft of the Fibula. The disproportion be-

tween the two bones is not so marked as in man or the higher

mammjalia.

" Opossum "
( Trichostirus).

Here we have introduced as accessory to the use of the fore and

hind limbs that of the tail. There is a well-marked dispro-

portion between the Tibia and Fibula and both the upper and

lower ends are less defined than in Koala. Furthermore the

lower end partakes less in the formation of the ankle-joint.

Wombat {Phascolomys).

Here the disproportion in size between the bones of the leg

is very' pronounced—the atrophying Fibula and the enlarging

Tibia being well shown. The Interosseus muscle in contrast

to other parts of this marsupial's musculature shows marked

evidences of fibrous degeneration. The shaft is complete and

the upper end articulates with the Femur and Tibia and also

with the Sesamoid Bone. At the ankle-joint the chief articu-

lation is between the Tibia and the Astragalus and the Inner

Malleolus partakes in the articulation ; but the Outer Malleolus

though well developed does not. Below there is a well marked

Firbro-cartilage evidently to increase the surface of Fibula for

articuhition.

Kangaroo {Macropus).

Here the lower half of the Fibula as a distinct separate bone

has disappeared and the evidence of such is distinguished by

a groove. The upper half is distinct and separated from the

Tibia though fused to that bone at its lower end. The head

is poorly formed though it articulates with the Sesamoid bone

and the Outer Tuberosity of the Tibia.
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Carnivorous Marsupials

(Dasyurus viverrinus and Sarcophilus satantcus).

In both the native cat and the Tasmanian Devil we see a

marked disproportion between the Tibia and Fibula. These

animals represent, wath their long Pes and close approximation

of Tibia and Fibula below, an approach to the Kangaroo type.

The head articulates with the Tibia and the Sesamoid bone.

Below the amount of surface entering into the formation of the

ankle-joint is insignificant and chiefl}' through the interven-

tion of the Fibro-cartilage present. The bones are well sepa-

rated throughout the shafts, but approach below and are firmly

bound together. These features are more marked in the Cat

(pasyurus) than in the Tasmanian Devil.

Echidna {Tachyglossus aciileafus).

Here we have the presence of a Hallux, though not nearly

so distinct as in Koala. The shaft of the Tibia is larger than

the Fibula, although the disproportion is not very marked. At

the upper end we get the prolongation into a broad, flattened

process resemlDling an olecranon, and articulating with both the

Femur and Tibia. The lower end is well developed and par-

takes almost as freely in the formation of the ankle-joint as the

Tibia.

Lace M on I top {Varauus varins).

In this Australian reptile, where a great mobility of the foot

is permissible, we have a much larger Fibula than Tibia, not

only as regards the shaft but also at the upper and lower ends.

The principal articulating surface both below with the Tarsus

and above with the Femur is supplied by the Fibula.

Armadillo.

Both bones are counnonly ankylosed together at each ex-

tremity but the shafts curve away from each other, leaving a

wide interosseous space.



Anatomy of Fibula. 363

Hare {Lepus eurflpaeus).

Tliis animal, with his long foot at a right angle like the

Kangaroo, and able also to sit up, shows an even more advanced

type of disappearance of the Fibula than seen in that marsupial.

Only the upper third remains. No trace of the lower half can

be distinguished. The lower end of the fragment is fused to

the Tibial shaft, and the upper extremity is fused to the outer

Tuberosity of the Tibia.

Sheep (Bovidak).

The Fibula as such has disappeared. There are no evidences of

it above, except a well marked fibrous band extending from

the External Tuberosity of the Tibia to just above the middle

of the shaft of that bone. On the lower, articular face of the

Tibia a groove is seen representing the former separation of

the Fibula.

Deer (Ckrvidae).

Here the Fibula has disappeared, the only trace being a

bony spicule about three-quarters of an inch long, depending

from the outer Tuberosity of the Tibia.

Mongoose {Herpcstes).

Here we have lono; feet frlvino- a ";ood base to allow for

springing. The Fibula is thin and slender especially in the

uj^iier third. There is an ill-defined articulation above with

the outer Tuberosity of the Tibia. The lower end does not

partake in the formation of the ankle-joint acting merely as

an outside support to the articulation.

Hopse {Equus).

The Fibula is represented by a spicule of bone abutting down
from the Outer Tibial Tuberosity. The Koala does not depend

on the peloic limb for propulsion speed nor for continuous

support. Where high speed continued over long peilods is

necessary, as in the horse, a brme like the Fibula would un-

doul)tedlv weaken the Tarsal articulation.
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Agouti {Dasyprocta).

Here we obtain marked evidences of the disappearing Fibula,

which has assumed a thin almost transparent cartilaginous

character with a transparent interosseous membrane. At the

upper end no true articulation even with the Tibia is seen, it

being retained in position by fibrous bands. It is closely-

attached to the Tibia below and takes only a very slight part

in the formation of the ankle-joint bj^ articulating with the

small outer facet on the astragalus.

Buffalo (Bulhilus).

A groove is seen on the lower articular face of the Tibia re-

presenting the original separation of the Fibula. The only

representation of the Fibula is a thick fibrous band from the

Outer T'uberosity of the Tibia to the junction of the upper and

middle thirds of that bone.

Cat {Fe/is doHiestied).

This animal is able to spring and can broaden his base when

sitting by resting on the whole foot. Hex-e we get a slender

roimded Fibula tightly attached, especially below to the Tibia.

This rotundity shows the absence of necessary muscular pull

;

the lowest i-atio of area to volume is found in the spherical

form and for muscular attachment we require area—i.e.,

surface. It articulates above with the Outer Tuberosity of the

Tibia and below enters slightly into the formation of the ankle-

joint through the outer facet of the Astragalus.

Baboon.

Here Ave have a contrast with the Lemur. There is a distinct

separated Hallux, but approaching the Anthropoid type. The

formation of the ankle-joint with its deep socket and having

both Malleoli projecting well down laterally is opposed to

lateral movement. The Tibia and Fibula are well bound to-

gether and there is little elasticity present. In the Lemur the

Fibula articulates with the upper surface of the Astragalus.
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In the Baboon the outer Malleolus ax-ticulates with the outer

facet on the Astragalus, there being a marked ridge separating

the upper and the outer surfaces not met with in the Lemur.

There is more marked differentiation between the Tibia and

Fibula than in the Lemur, and the Fibula is more rounded.

There is not the lipping at the outer Tuberosity for easy

articulation, as in the Lemur, although some movement is

allowable ; but the bones are much more firmly attached.

Conclusions.

That the Fibula is undergoing marked evolutionaiy changes

is undeniable, and no doubt the condition in the Kangaroo

points the way. Possibly the absence of the Fibula with loss of

the outer toes seen occasionally in congenital cases in mian

serves as an indication of ultimate destination ; though ob-

viously here Nature creates a condition for which the erect

position has not yet educated itself. Processes of this charac-

ter are slow and gradual, as seen in the Marsupial, where, as

in the Kangaroo, by a fusion to the Tibia, and so a broadening

of its surface and streng-ihening the outer ankle, the bone

still performs a function. In the oases of congenital absence

of the bone it would be interesting to know had the Fibula

really disappeared or was there a fusion to the Tibia, and so

a broadening of its sui'face? In man the marked contrast be-

tween the relative size of Tibia and Fibula, and the fact that

the latter has been pushed from the knee-joint, and partakes

little in the formation of the ankle-joint are indications of its

retrogression. The shaft of the bone is- undoubtedly thinning,

and scarcely do we find two bones alike in size, whilst at the

same time the Tibia is uniformly broad and compact. From
previous considerations one would naturally expect changes to

occur at the lower third of the bone, and thinning is in my
experience most marked here, of which the so-called congenital

fractures must be regarded as advanced evidences. Probably

these cases of so-called fractures are best undetected as the ques-

tion may be raised of reconstituting the Fibula, i.e., a bone be-

coming obsolete in the animal economy. One might expect a

better residt to be obtained if the ends projecting undei*
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the skin were removed, or un endeavour might rather be

made to attach them to the Tibia. On the other hand, cases

of congenital absence of the Fibula in man, since, as before

stated, it may be associated with absence of outer toes, but

occaisionally Avith loss or deformity of the inner toes, are

associated with impairment of gait and operative interference

is necessary. The loss of inner toes seems to have caused difl&-

culty to surgeons in explaining, but the reason is easily under-

stood on comparative lines. On examining the foot of the

Kangaroo we see two degenerate inner toes, a powerful middle

toe, which is practically the continuation of the foot, and a

small, though intermediate, outer toe. No doubt the position

and length of the middle toe have been the determining factors

in its natural selection ; but in spite of this change in the foot

the Fibula is not congenitally absent, as a reference to the

description will show. Thus from a consideration of the mode

of disappearance of the Fibula in animals master exponents of

the same mode of progression as Homo Sapiens exhibits, it is

obvious that in causing a congenital absence of the Fibula to

occur in man. Nature has carried the progress of one of T'he

consequences of the erect position, and associated gait beyond

that of the other consequences with which it should be co-

ordinate, although she may thereby give us a hint of to what

this evolution is tending. In other words, if the consequences

of the assunaption of the erect attitude with its associated gait

are manifold, and must in the type which will be naturally

selected and eventually persist be co-ordinate ; and if Nature

has in these congenital Fibulae cases allowed one member of the

associated group of consequential processes to progress disco-

ordinately in advance of the rest, it suggests itself that the

indicated method of correction of the natural error lies along

either one of two directions. Firstly, bringing back the ad-

vanced member, e.g., plastically replacing the undeveloped mid-

fibula; or, secondly, recognising and permitting the condition

of this disco-ordinate member, and artificially re-establishing

co-ordination through the other members of the associated

group of consequences of the assumption of the erect attitude

and gait.
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So when one comes to the question of which of the two lines

is the correct one to follow one must decide for the latter—or

deny the doctrine of evolution, and ignore the results of com-

parative anatomy.

It is a decision arrived at on philosophical grounds, and

without appeal to the question of expediency, involved in the

deficient vitality, and hence of energy of repair in the atro-

phying parts, upon which one depends for union in the plastic

operation—apart fromi the difficulty of obtaining suitable

human bone Avith which to make the attempt.

Recognising the lesson as previously stated that bone is

dominated by muscle, it is scarcely understandable that ana-

tomists should pay so much attention to the minute description

of bones, and yet such little regard—as evidenced in any

anatomical text book—to the important factor of muscular

action, on which the bony changes depend, and Avhich the

science of evolution shows us existed before bone had its being.

I beg to thank Dr. Stapley for valued assistance, and the use

of material—^Mr. Lewis, B.V.S., Research Scholar, lor the photo-

graphs, and Mr. Thwaites, M.Sc., for help in the preparations

of the dissections, and for some physiological considerations of

the functions of the parts concerned.

EXPLANATION OF PLATES LXXVI.-LXXVIII.

Plate LXXVL
Fig. 1.—Tibia and fibula of Koala (Phascolarctus cinereus).

,, 2.— ,, of Lace lizard or Monitor (Varanus varius).

Plate LXXVII.

Fig. 3.—Tibia and fibula of Kangaroo.

,, 4.— ,, of Sheep.

Platk lxxvui.

Fig. 5.—Tibia and fibula of Opossum (Tiicliosurus).

,, 6.— ,, of Agouti (Dasyprocba).

„ 7.— ,, of Hare (Lepus).

„ 8.— ,, of Echidna (Tachyglossus aculeatus).

,, 9.— „ of Wombat (Phascolomys sp.).
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Art. XXX.

—

TJie Biocltemical Significance of

riiospliorihs.

By HILDA KINCAID, M.Sc.

(Government Eesearch Scholar, Physiological Laboratory,

University of Melbourne).

[Read 10th November, 19101.

The existence of plant life on the earth is essential for the

existence of animal life, since plants alone have the power

of living entirely on inorganic materials and of building them

into the organic substances necessary for the life of animals.

Plant life being thus essential, the chemical necessities of plants

will determine the chemical necessities of animals.

Of the long list of known chemical elements only compara-

tively few are of any biological significance. The most im-

portant of those which are absolutely essential for plant and

therefore for animal life can be put into one or other of two

groups.

1. The Water-borne or Soil elements, present in soil or

dissolved in rivers or sea-water. To this group

belong sodium, potassium, magnesium, calcium, iron,

chlorine, sulphur and phosphorus.

2. The Air-borne elements, present in air and in the case

of oxygen and nitrogen usually in the free state.

To this group belong oxygen, hydrogen, niti'ogen

and carbon. Since these elements are air-borne

there will never be a serious deficiency of them ex-

cept in rainless areas. On the other hand there is

the possibility of deficiency in the soil elements.

Of the soil elements special interest is attached to phos-

phorus, not only on account of its presence in practically all

tissues both animal and vegetable, but also on account of the

fact that of all the elements necessary to life it is the one

in obtaining which difficulty may be encountered, since in order

to be used by the plant it must be in a form available to the



plant. It is an element vastly important in every department

of biology, since the nucleoproteins which constitute so large a

part of the nucleus of every living cell are rich in phosphorus,

and it is also an essential ingredient of lipoid, which recent

research has shown to be so important a component of all living

tissue. Lilienfeld and Monti discovered pliosphorus in bacteria,

and analyses of dry bacteria have shown the percentage of

PoO,; to be greater than that of any other ash constituent

(1). For example, in 100 parts of dry substance of Bacillus pro-

digiosus the total ash = 13.47, K,0 = 1.55, Na.p = 3.93, CaO
= .56, MgO = 1.05, PA = -^-l^, CI = .66, NaCl = 1.08, SiO,

:= .07. In 1796 Westrumb demonstrated presence of phos-

phoric acid in the beer yeast, almost half of the pure ash

being phosphoric acid. Yeast placed in a sugar solution bereft

of all salts can not bring forth fermentation to any appreciable

degree. Mayer placed phosphoric acid in the list of the salts

necessary for growth of the yeast jjlant.

It is a significant fact that all tissues provided for the main-

tenance of the young are rich in phosphorus. Thus not only

eggs and milk, but plant seeds, are rich in this constituent, the

percentage of P.jO.- in the ash of ripe seeds is seldom below

25, and may reach 50 (2). [See analyses of Wolff, Kellner,

Lehmann, Presse and Stansell, etc.] Where the phosphorus

poor tegument is included in the analysis the results are of

course lower. Most of the phosphorus in seeds is in organic

combination, such as glycerophosplioric acid or pliytovitellinin.

The phosphoric acid content in the ash of the underground

food reservoirs of the plant is usually markedly lower than in

seeds, viz., about 15 per cent., but is very variable. The supply

of phosphoric acid has a noteworthy effect on the storing of

sugar in storage roots, a rich supply of phosphoric acid causing

an increased sugar content in the root (3). Also in the wood

of trees, in the sap wood more than in the heartwood, and

more in the upper actively growing parts of the tree than in

the lower parts ; in the bark and in the leaves we find phos-

phoric acid, in various kinds of combination, as a necessaiy

constituent.

Of essentially animal tissues it forms, in combination with

calcium and magnesium, as phosphate, some 85 per cent, of the

10



370 Hihhi, Kiiicaid:

bone ash. In muscle the predouiinatinji' salt is i)t)tassiiim phos-

phate, the percentage of P/l, in the ash being- roughly 35.

Brain and nervous tissue are rich in P./'.,, the ash containing

nearly 35 per cent. In lungs and bronchi again the predomi-

nating constituent of the ash is pliosphoric acid, obtained for

the most part from organic combinations (4). The Liver, Spleen,

Thymus, also, being rich in cellular elements, have a high per-

centage of phosplu)rus in organic combination.

From the time of Liebig attention has been centred on nitro-

gen as the food element of living things most liable to fluctua-

tion or deficiency; but it must be remembered that nitrogen

is in reality air-borne, and an increased demand for this element

can be met by increasing the facilities for trapping the air

nitrogen. With phosphorus, however, the case is different. It

is a constituent of soil or is water-borne, and may be described

as the one element about which plants are conservatiA'e. Thus

it has been shown that the leaves of deciduous trees before

being allowed to fall from the j^lant have practically all the

pliosphorus extracted from them (5). In much the same way

we find animials to be conservative of this element, so that in

the young animal where much phosphorus is needed for the

growing skeleton the amount excreted is very low. Tiie same

is the case during the processes of dentition and lactation.

The widespread distribution of this element in all living

things makes it desirable that there should be in soils a large

quantity available to plants. That soils may contain a low

percentage of available phosphorus is unfortunately well exem-

plified in many regions of Australia. This lack of pliosi)horus

has been generally recognised for some time, and is indirectly

proved by the excellent results following the use of phos-

phatic fertilisers. Analyses by agricultural experts in the State

of Victoria may be found in the Agricultural Journal of Victoria,

1907, comparing the Victorian clay soils with American clay

soils. The clay soils are given because they contain a higher

percentage of phosphorus than other soils. Thus giving the

pliosphorus in terms of phosphoric acid, in 100,000 parts of

Victorian clay soil we find only 63 parts of phosphoric acid of

against 207 parts of phosphoric acid in the same amount of

American clay soil. The difference in the sub-soils is not quite
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so great, but sufficiently striking to be evident at once; thus

per 100,000 parts of clay sub-soil we find in Victoria 66 parts

of phosphoric acid as against 159 jiiu-ts in America. Tlie

amount in Mallee soil is very low, namely, 47 parts per 100,000 ;

and Amcric;an and European authorities look upon 50 parts per

H 0,000 as the limit below which it is unprofitable to Avork the

soil.

The objects of the following research were:—
1. To ascertain whether plants could accommodate them-

selves to a soil containing less than the average

amount of available phosphorus.

2. To compare the phosphorus content of some typical

Australian grown foods with the determinations of

phosphorus content in the same kinds of foods in

other countries.

3. To determine the distribution and evolutionary signifi-

cance of pliosphorus in muscle, Ijrain, exo- and endo-

skeleton of animals.

i. To obtain some quantitative data regarding the leak-

age of phosphorus from Victorian soils-.

Methods.

In all the estimations of phosphorus, except where specially

mentioned, the method used was a modification of the Neumann
method of phosphorus estimation (6), and was as follows:—
The substance, weighed in the fresh and then in the dry state,

was ashed. The ash weighed and dissolved in a small quantity
of nitric acid, diluted, precipitated with 10 per cent, ammo-
nium molybdate in presence of ammonium nitrate, the quan-
tities of these reagents being used in amounts such as are best

calculated to prevent precipitation of any molybdic acid, thus
when about 10 inilhgrams of pliosphoric anhydride were
roughly expected to be present, 4-5 c.c. of strong nitric wei^e

used to dissolve the ash, from 150-200 c.c. of water used to

dilute, 85 c.c. of 50 per cent, ammonium nitrate added, and
the solution then brought almost to Ijoiling point, 50 c.c. of

hot 10 per cent, ammonium molybdate Avere then added, and
the solution kept in motion for one minute, then allowed to

10a
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stand 15 minutes, when it was then quickly filtered through a

Gooch filter, the collected precipitate washed thoroughly with

cold water (about six washings), and then dissolved in a known

volume of standard sodium hydrate, boiled to expel all the

ammonia thus liberated, and when cool the excess of NaOH
back titrated with standard acid. The amount of P.jO,-, cal.

culated from the number of c.c. of the standard alkali used.

Experimental.

A (1).

—

Experiments wrrn Fodder Grasses.

To Professor Ewart I am indebted for his kindness in supply-

ing me with samples of 20 fodder grasses ; some of them native

to Australia, and some of them introduced, but all acclimatised

and growing in a wild state free from any artificial manuring.

It was expected that the native grasses accustomed for a long

epoch of time to a low supply of phosphorus in the soil would

manage with very little of this element, and therefore an

analysis would show a low percentage of P2O5. On the other

hand it was expected that the introduced grasses, accustomed

to a fairly high supply of phosphorus, would not show the

economy practised by the native grasses with regard to this

element, but would show on analysis a higher percentage of

PoO.^. which, however, might be lower than that obtained for

the same grasses growing in countries whose soil is not so low

in this element. The following table shows the results ob-

tained :
—

Percentagk of P.2O3 i\ Fodders (Dima) at lOU' C).

Native and Introduced Grass.

Native.

.. . ^ % Mean %
iSame or (jrrass P O F O

Imperata arundinacea—Lang Lang Grass (1) 0.1659 0.1680

(2) 0.1701

Stipa scabra—Rough Spear Grass - - (1) 0.1600 0.1543

(2) 0.1487

Chloris truncata—Windmill Grass - - (1) 0.1977 0.2023

(2) 0.2069
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Name of Grass

Cjnodou dactyloii—Couch or Doub Grass (1

(2

Microlaena stipoides—Weeping Grass - (1

(2

(1

(2

(1

(2

(1

(2

(1

(2

(1

(2

(1

(1

(2

Panicuni eft'usum—Hairy Millet Grass

Eragostis pilosa—Lesser Love Grass

Danthonia peniciilata—Wallaby Grass

Poa caespitosa—Tussock Grass

Sporoboius indicus—Ratsbail Grass -

Antliistira ciliata—^Kangaroo Grass

Arundo phragmites—Reed Grass -

Introduced.

Oryzopsis niiliacea—Rice Millet

Ehrliarta panicea—Panic-like Ehrharta

Loliuiu perenne—Perennial Rye Grass

Bronius unioloides— Prairie Grass -

Holcus lanatus—-Yorkshire Foy; Grass

(1) 0.3533 0.3880

0.4227

(1) 0.3775 0.4124

(2) 0.4473

(1) 0.3020 0.31G0

(2) 0.3300

(1) 0.3646 0.3804

(2) 0.3962

(1) 0.1427 0.1463

(2) 0.1500

Agropyrum repens •— English Couch or (1) 0.1732 0.1608

Quitch Grass ----- (2) 0.1484

Stenotaphrum Americanum—Buffalo Grass (1) 0.2791 0.2791

Paspalum distichum— Silt Grass - - (1) 0.4181 0.4181

The table shows all the native grasses taken, with perhaps

the exception of Arundo Phragmites, to have a low percentage

of P2O5, and all the introduced, with 2 exceptions, viz., Holcus

7„ Mean 7„
P,0, P,0,

0.1539 0.1609

0.1680

0.1391 0.1330

0.1271

0.0973 0.0988

0.1004

0.2790 0.2656

0.2522

0.1348 0.1429

0.1511

0.1311 0.1350

0.1390

0.1480 0.1484

0.1489

0.1258 0.1258

0.2996 0.2994

0.2992
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lanutus and Agropyrum repens, to have a much higher percent-

age. Of the two exceptions in the list of introduced grasses, it

may be said that they can hardly be regarded as fodders at all.

They are exceedingly poor grasses whether grown in their

native honxe or in this country, and are frequently regarded

as weeds, and weeded out us such. Of the native grass Arundo

phraginites it may be noted that it always grows in very wet

ground, on the edges of rivers, pools or marshes, which fact may
possibly account for its greater percentage of phosphoru.s, since

the tendency of the water, especially if impregnated with COrt,

would be to dissolve phosphate from a considerable depth of

soil, and bring it by diffusion into the neighbourhood of the

roots, i.e., the water would probably tend to give a larger

available supply of P.iO-, than could be obtained by the dry

medium plants.

No record of English or Continental analyses of the parti-

cular grasses occurring in the above table could be found ; but

Balland (7) gives the maximum percentage of P.2O,- in the fresh

millet as .8, which percentage would of course be higher cal-

culated per dry substance, and Wolff (8) in dry millet gives

3.43 per cent, total ash, and in the ash 21.92 per cent. P.jO,.

This calculated to per cent, in the dry substance == about .75.

Jordan (9) gives percentage in Timothy Hay .8, and in dry

mixed grasses about .5 ; whilst the highest figure obtained

for the grasses analysed in this laboratory = .41, so tliat we

may take it that the introduced fodder gi-asses have adapted

themselves just as the cereals have donel to the low-phosphorus

soil in which they are placed, but that the adaptation is not

complete since they still have a much higher percentage of

PoOr, than the native grasses.

A (2).—Analyses of the wood of 4 typical Australian trees were

also carried out. The trees in question were indigenous, and

grew at Warrandyte, Victoria. A section taken right through a

bough at the first bifurcation was ashed, and the P.^O-, deter-

mined in the ash.

The following are the mean results of determinations for the

per cent. PjOj in the ash :
—

1 Vide infra.
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Eucilypfcus ainygdalina or "INIessmate " = 4.456 %
Eucalyptus hemiphloia or " White Box " = 2.436 %
Eucalyptus haemostonia or "White Gum" = 2.304 %
Eucalyptus polyanthemus or "Red Box" = .856 %

Of these four the messmate is a veiy quick-growing tree, and

is amongst the highest trees of the world. The Red Box, on

the other hand, is a slow growing tree, with very hard wood.

This difference very likely accounts for the diversity of the

P.2 O.. content of the stems of these two, for wherever active

gi'owth is going on the P-jO., content is higher than in the

inactive part, and the actively growing sap wood has always a

higher percentage than the hard inactive heart wood.

Czapek (10) gives the percentage of P.,0,-, in the ash of the

branch wood of Pinus Silvestris as 11.60; and the percentage

in the heart-wood of a beech 220 years old 4.54, and in the

sap-wood of the same 13.21 ; in the heart-wood of an oak 50

years old 5.88. and in the sap-wood 14.28 ; in the heart-wood

of Betula 16.59, and in the sap-wood 13.21. All of these figures

are higher than those obtained in the above analyses of the

four Australian types taken, which fact again seems to point

to an adaptation by plants to a phosphorus-low soil.

A further indication of adaptation is given by Isopogon cera-

tophyllus, a sample of which was kindly supplied by Dr. Cherry.

This is a prickly shrub which only grows in poor soils, and on

analysis was found to have an exceedingly low phosphorus con-

tent, viz.: 0.033/,' in the dried substance of the woody stems, and

1.44/^ iu the ash of the .same ; and 0.046% in the dried substance

of the leaves, and 2.09% in tiie ash of the leaves.

B.

—

^Experiments with some Human Foods.

The extraordinarily wide distribution of phosphorus in the

body— in bones, neiwous system, all the great gland organs,

etc.—makes it an essential ingredient of food. According to

Siven (1) the body needs at least .7 to .8 grams daily, and

according to Ehrstrom more than this, viz., 1 to 2 arrams

daily. Hart, McCollum and Fuller (12) fixed 3 grams of phos-

phorus per day as the safe minimal quantity for a pig of 50
lbs. weight. The body has a greater power of retaining this
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element than any other, in fact the body tries to hold back no

other element as energetically as it does phosphorus. Tt deals

with phosphorus in a more economic manner than Avith nitro-

gen, for with increased nitrogen intake the body immediately

responds by increased nitrogen output to preserve the nitrogen

equilibrium. With increased phosphorus intake, however,

equilibrium is not established, but some of the phosphorus is

retained (11). The amount of phosphorus actually absorbed

from the alimentary canal depends on the kind of food—in

vegetable foods which contain a large quantity of calcium a

good deal of the phosphorus is left behind in the faeces as in^

soluble calcium pho'sphate ; in meat feeding, on the contrary,

most of the phosphorus in the faeces is due to actual intestinal

secretion. In the food phosphorus is taken in for the most part

in organic combination as nucleoalbumen, nucl^in, casein,

lecithin, etc., in eggs, milk, leguminous vegetables, and only

in small degree in inorganic combination as in grains, and

meat.

The experiments of Hart, McCollum and Fuller at the Wis-

consin Agricultural Experiment Station (12) show how im-

portant is a normal supply of P.^ O, in food. Animals fed on

food deficient in this constituent very soon became abnormal,

exhibiting weakness of limbs, langour, debility, and if the ex-

periment continued long enough, finally death ; whilst if the

diet was nuide normal again the animals gradually recovered.

A disease, allied to rickets, is often found in cattle living on

natural foods poor in calcium phosphate. In nearly all cases it

is found if phosj^hates are added to the diet they are quickly

absorbed with remedial effect ; but a much better effect is

gained by the addition to the diet of organic phosphoi-us com-

binations than by the addition of only the inorganic salts. The

res\ilts of the experiments of Le Clerc and Cook (2-1) seem to

point to the fact that organic pliospliorus t.ixouis iiitrni;en

metabolism, and increases nitrogen and ])liospliorus retention,

especially in the case of a phosphorus poor food.

Tlie researclies of Cronheini and Miiller (13) on c-hihlren,

and those of Rohmann, Ehrstrom and Guin[)('rt (2")), liave

shown organic phosphoi-us feeding to be superior to inorganic

for frrowth and nourishment, and for this reason human milk is
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said to be superior to cows" milk, which, though richer than

huuum in total P.2O5, has yei a lower percentage of organic

P2O, ((14) Siegfried).

It is apparently a well-known fact that Australian cereals

are lower in phosphorus content than the cereals of other coun-

tries ; the general figure for wheat varies from 0.65 to 1.1 1 per

cent. P2O5 in other countries, whereas 0.5 per cent, is taken as the

average figure for Australian w^heat ; and likewise for oats

;

which fact points to an adaptation on the part of cereals to

phosphorus-poor soils. From a physiological point of view it is

the edible flour made from the wheat which is the most im-

portant. Experiments were therefore conducted with some

local flour to determine whether the total per cent. P.^0.-, be

low, and if so whether it be the organic or inorganic which is

thus low, or both.

Method.— 1. Total P-jO- determined in the flour weighed

both dry and in the natural state. 2. Alcohol-soluble

P2 O.- determined by extracting the flour with boiling alcohol
;

exaporating extract, taking up residue with ether, and de-

termining P2 O5 in the ether residue. It . is useless to

try to extract with etlier alone, for as early as 1891 it was

shown by Maxwell (15) that ether would extract only the free

lecithin, but would not take up any which was combined with

protein.

The mean results oljtained were:—
Total Alcohol Sol.

P.Or.Hot ex-

p Q p Q tractalde
- '' '2 s v'ith alcohol

Per cent, in the undried flour 0.1932 0.0278 0.1651

Per cent, in the dried flour 0.2209 0.0322 0.1887

The results show the total P./).-, to be low, and the alcohol

soluble moiety to be veiy small. Since bread is the mainstay

and principal foodstuft', particularly of the poorer classes, and

of vegetarians, the above fact is of physiological imi^ortance.

It is very generally recognised by agriculturists that to obtain

the best results possible the crops must be well numured by
some kind of phosphate manui'e. If this is not done, and the

crop has to depend entirely on the natural supply of phos-

phates, the entire yield is small, and individuar grains poor.
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It has therefore unfortunately to be admitted that Australian

soils being low in Phosphorus cannot give of this element

freely, with the result that plants grown here have to do with

a small amount, and therefore consequently animals feeding on

these plants obtain likewise a low supply. Kemembering how

widely distributed this element is in the body, and hoAv con-

servative the body is of it, and also the results of Hart and

McCollum on feeding animals with a low supply, it seems not

unwarrantable to suggest the possibility of undesirable physio-

logical features making their appearance as a consequence of

this low percentage in one of our chief foods.

A few analyses of eggs were made. The eggs were all ob-

tained from different local sources. The results obtained

were :
—

Egg 1.

AVt. with shell, grams

Wt. edible part, undried, grams

Wt. edible part, dried, grams

Wt. ash of total edible part

Per cent, water in undried edible part

Total edible part contains, grams PoO,,

Per cent. P.2O5 in the undried

Per cent. P.^O,-, in the dried

Per cent. P.,0. in the asli -

60.5696

54 3637

15.1069

0.5692

0.327

0.601%

•2.16%

57.49%

Egg 2.

Wt. with shell, grams - - - 59.7355

Wt. edible part, undried, grams - - 53.0364

Wt. edible part, dried, grams - - 14.0884

Wt. a.sh of total edible part - - 0.543

Per cent. H./) in the undried edible part - ^•^4%

Total edible part contains P.^O,, grams - 0.211

Per cent, in the undried - - - 0.39%

Per cent, iji the dried - - - l-^00%

Per cent, in the ash - - - 38.89°/

Egg 3.

Total edible part contains P.^O,,, grams

Per cent. P-.O,, in the dried

Per cent. P.2O- in the egg shell

0.3307

0.0160}/
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Egg 4.

Total edible part contains P.jOj, grams - 0.3301

Per cent. PA i» tlie dry - - - 2.51%

Per cent. P.,0, in the shell - - - 0.0226%

Egg 5.

Wt. with shell, grams - - - 52.757

Wt. edible part, undried, grams - - 45.584

Weiglit edible part, dried, - - - 12.534

Per cent. H.^0 in undried edible part - '72.5%

Total edible part egg contains, grams P0O3 0'245

Per cent. P.,0, in the undried - - 0.537%

Per cent. P.,0, in the dried - - 1.95%

Balland says (7) an ordinaiy lien's egg contains about .26

grams phosphorus.

WolflE's (16) analysis of hen's egg without shell gives 73.4

per cent, water, 3.48 per cent, total ash, and per cent. P.,0'

in the ash 38.05, and in the dried 1.324.

Samples of cow-s' milk from three different sources Avere

analysed for P.^O. content. Results obtained were:—

WiLLSMERE Milk.

Sample 1 P/J, i'l 100 c.c. . 0.30354 grams

Sample 2 „ „ „ - - 0.25458 „

Sample 1 Wt. of 5 „ - - 5.0596

Sample 2
,, ,, „ -

-" 6.0354 ,,

Talbot Milk.

Sample 1 PA i" 100 c.c. - - 0.21204 „

PiiivATK Dairy—Kew.

Sample 1 PA in 100 c.c. - - 0.2040

Bunge (17) says cows' milk contains .181 to .197 grams
P.,0, in 100 c.c.
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Konig (18) says cows' milk contains .189 grams PoOj in

100 c.c.

Hutchinson (19) says cows' milk contains .220 grams ^.,0^,

in lOO c.c.

It is to be noticed that in the case of eggs and milk the

figures for the samples analysed here, are not lower than those

given in English or German records. This fact is rather in-

teresting, for both are secreted by the parent for the mainten-

ance of the young, and the constituents of such secretions are

nearly always kept in amounts such as are best suited for the

development of the young ; even at the expense of the mother

and of the other secretions. When analysing the bones of

frogs, it was found that the femur of a female frog, killed just

before the breeding season, and containing a mass of small

immature ova, contained a very high percentage of P.^O.,, and

it is suggested that this might be due to a storing of phosphate

in the bone, which could be utilised when the time came for

the development of the ova.

E rperhnents witli Meat.—Eesults of analyses of fresh un-

cooked undried beef and mutton, practically fat-free, gave per-

centages of P.2O,, the mean of which equalled about .38, and

calculated to per cent, in the dried meat about 1.8 per cent.,

figures which agree with those of Francis and Trowbridge (20),

but which are a little lower than those of Wolff.

Experiments with Fish.—Analyses of fresh uncooked fish

gave mean per cent. P.^O., to be .51. This figure also accords

well with other analyses. So that as far as the flesh foods

go there is little variation in the local examples analysed from

those analysed in other countries.

Again the figures for the oj^sters examined appeared to vary

only slightly from the French and Portuguese (21) as far as

percentage went, although the total P.^O,, per oyster is very

much smaller in the Australian than the others, owing to their

small size. Thus :
—

Average % P.jO,; in dried oyster

Average wt. of dried oyster

P2O5 contained in one average oy-ster

Average % P20g in shell

Australian
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C.

—

Experiments to determine the Distribution and Evolu-

tionary Significance of Phosphorus in the Muscular

tissue of Animals.

Determinations of the P^Oj percentage, in the muscular

tissue of various animals, were made. In the case of the Mol-

lusca the adductor nmscles from a number of oysters were

used for the experiments. In the case of the Arthropoda the

body muscles w^ere used. For the Vertebrates the muscles

which serve to move the pelvic fin of fishes, and those which

move the lower limbs of frogs, lizards, birds, dogs, etc., served

as examples for Pisces, Amphibia, Reptilia, Aves, and Mam-
malia respectively.

The table shows the results:—

P.^O. in Muscle—Invertebrates and Vertebrates.

Name o'S
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:

It will be obvious from the above table that muscular tissue

shows a surprising uniformity in its phosphorus content

throughout the aninuil kingdom. Calculated in the dry sub-

stance the figures show the percentage to be slightly greater in

the fishes and oysters than in the higher animals, but calcu-

lated in the ash the variations show no parallelism with degree

of development. We may state therefore that phosphoi-us of

this concentration, viz., .38 to .5, is apparently a normal and

essential ingredient for contractile tissue.

D.

—

^Experiments to determine Distribution and Evolutionary

Significance in Nerve Substance.

Analyses of brain substance of the various classes of Vei--

tebrates were made. It is unfortunately impossible to get

enough nerve tissue for analysis in the Invertebrates.

For results see table p. 383.

The experiments as far as they went show the brain sub-

stance in the examples of the various vertebrate classes ex-

amined to have practically the same percentage of PoO.- in the

dried. Thus again in nerve substance there appears to be no

parallelism between P2O5 content and evolutionary develop-

ment.

E.

—

Experiments to determine the Distribution and Evolu-

tionary Significance in the Exoskeleton of Invertebrates.

Analyses of the exoskeletons of Invertebrates, comprising

examples from the groups Porifeira C'oelenterata, Mollusco-

idea, Echinodermata, Arthropoda and Mollusca were made.

For results see table p, 383.
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The results show several interesting features:—
1. Taking the class Invertebrata as a whole it will be appa-

rent from the table that the protective or skeletal tissues derive

their physical properties of rigidity, etc., from mineral matter

other than phosphate, the latter only being present in small

amount : the chief mineral salt being calcium carbonate. When
a tissue is composed largely of calcium carbonate, this salt is

invariably crystalline, and in consequence the tissue is brittle.

Calcium phosphate on the other hand is capable of existing in

a colloidal form, which does not render a tissue brittle. Appa-

rently then the Invertebrates as a whole have not learned to

avail themselves to any extent of colloidal calcium phosphate in

the construction of their protective tissues ; thus whilst they

are rigid they are at the same time easily broken.

2. Taking the individual groups of the Invertebrata it is

most interesting to note an increase in the PoO- content of

the exoskeleton as we ascend the evolutionary scale. Thus the

Sponges, the Hydrozoa, the Corals, and the Polyzoa, have

merely a trace of P:,0,, as evidenced by a yellow coloration

and a faint haze of precipitate with ammonium molybdate

and nitric acid. Then the Starfish has a measurable quantity

—

.26-30 per cent. In the group Arthropoda we find a marked

rise, particularly in the fresh-water " yabbie " or Astacopsis, but

not so marked in the salt-water crayfish, falling again to a low

percentage in the oyster shell and cuttle fish of the next group,

Mollusca. Some authors, however, would give the Arthropoda

a higher place than the Mollusca, in evolution, and in regard

to the utilisation of phosphorus in the exoskeleton they are

certainly further on than Mollusca..

F.

—

Experiments to determine the DisTRiBrTioN and Evolu-

tionary SIGNIFICANCE OF PHOSPHORUS IN THE EnDOSKELETON

OF THE Vertebrates.

In all the experiments in this section the bone analysed was

the femur or that most comparable to the femur ; thus in

fishes the bone supporting the pelvic fin was the one used.

Results follow in tabular form :
—
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In this talkie, as in the precedinijj one, several interesting

points should be noted :
—

1. A marked difference between the magnitude of the P.^O,,

content of the skeleton of the Vertebrates and Invertebrates.

Thus even in the shark where cartilage takes the place of true

bone there is a sudden and unmistakable rise from the per-

centage in even the highest gToup of the Invertebrates ; the

metapterygium of the shark (a fairly young female) giving 32

per cent. P^O., in the ash, and about 8.9 per cent, in the dried.

2. Tracing up the ascending groups of the Vertebrata, we

find a marked rise from the cartilaginous to the bony fishes

;

but from there right on through amphibia, aves and mammalia,

there is no very great variation, at any rate in the percentage

value in the ash.

The cartilaginous fishes seem to stand in this i-espect midway
between the main body of the Invertebrates on the one hand,

and of the Vertebrates on the other—the Invertebrates, which

have not yet learned the knack to any extent of utilising phos-

phorus in the skeleton, and the Vertebrates which have appa-

rently early learned (even as early as the fishes) to utilise this

element, and learned moreover to use it in amount best suited

to the requirements, since from the fishes right on through the

higher groups there is scarcely any variation ; any small varia-

tions which do occur might easily be due to differences in food

and environment. Although calcium phosphate is much

superior to calcium carbonate, in that it can be kept much

more readily in colloidal form than the cai-bonate can, and the

characteristic rigidity and elasticity of bone can be maintained

;

yet this colloidal calcium phosphate is very unstable and con

stantly tends t(t slip into the crystalline form. Thetheory may beput

forward that in the bones of animals this crystalline form is at once

removed by the blood, and excreted as quickly as it is formed,

and fresh colloidal phosphate takes its place, and thus is ex-

plained the necessity for metabolism in bone. In old age tlie

replacement of the crystalline by colloidal is less efficient, and

hence the bones become brittle.

G.

—

Phosphorus in Au.stralia prom an Economic View Point.

At the beginning of this paper it Avas pointed out that Aus-

tralian soils as a whole are very hjw in phosphorus content, but
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especially the superticial soils. Whether or no the total PjO.,

in superficial soils plus sub-strata and sub-sub-strata, could we

go deep enough, would be found to be lower than other coun-

tries it IS hard to say, and the knowledge would be well nigh

useless even were it possible. It is the available phosphorus

which is the important thing, and if the available amount be

small it matters little how large the inaccessible amount may
be. In an extremely interesting paper (22) Dr. Cherry gives

some possible causes for this deficiency. He points out the

cycle by means of which inorganic rock phosphate fairly deep

in the ground becomes converted into inorganic bone phos-

phate, and finally laid down superficially on the ground. The

deep ground phosphate is dissolved by the acid juices of plant

roots, absorbed and assimilated, becoming part of the plant

substance. The plant will be either eaten by an animal and its phos-

])horic acid concentrated in the bony framework of the animal,

which in the natural course of events will eventually die, and its

skeleton after the organic matter has become oxidised be left

deposited on the ground as superficial, easily-available phos-

phate ; or else the plant untouched will also in time die, and a

large amount of phosphorus stored in the leaves, fruit, bark

and wood will be deposited superficially.

Since animals feed on plants there must of necessity be a

continual struggle for survival, so that the larger and more

numerous the animals are in any place, the greater will be the

plant growth to keep pace, and consequently the roots will

penetrate deeper into the earth and amongst other things a

larger amount of phosphoric acid, hitherto deep buried and

non-available, will become superficial and easily available. The

low percentage of phosphoric acid in Australian soils is attributed

by Dr. Cherry to the fact that Australia has never had any

large land animals. Certainly there have been discovered near

Lake Eyre, South Australia, areas of phosphate deposit, but

these are prol)al)ly due to crocodile fossils, and not to land

animals.

Let us now view the state of aifairs at the present day.

Australia has opened out largely as a grazing country. This

opening out has had two effects:—

lu
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1. The diminution in the number of native animals which

were left in the olden times to die on the land and render up

their phosphorus.

2. The introduction of a vast number of animals—viz., sheep,

cattle, pigs, etc., which resemble the native animals of the olden

time in that they convert plant-phosphorus into bone phos-

phorus, but which differ in this, that they are not left to die

on the lajid, but to a large extent are exported, bones and all,

right out of the country, carrying a large quantity of our much
needed phosphorus.

In the past year Victoria alone is estimated to have carried

some 12,500,000 sheep and lambs, besides cattle (23). If

these sheep died on the land they would be helping on

the cycle from deep to superficial phosphate. Of these

12,500,000 grazing, over three million are slaughtered, about

800,000 being exported, and the rest used for home consumption.

The phosphorus in the faeces represents nearly all that which

is returned to the land, only a small jjroportion of the sheep

carried dying on the land except in a season of drought. The

use of phosphatic manures has increased largely within the last

few years, with advanced scientific knowledge and improved

methods, but as yet it is largely the cultivated land which is

benefited, and comparatively little the grazing land. It is inte-

resting to get some approximate valuation of the phosphoric

acid represented by 3,309,865 sheep—the number slaughtered.

On an average the amount of phosphoric acid in the carcase of

one sheep would be roughly 2.5 to 3 lbs. This gives an approxi-

matie estimate of 3699 tons of phosphoric acid taken from the

grazing land by 3,309,865 sheep ; of which about 892

tons are entirely lost to the State by the export of 800,000 sheep.

A very considerable amount. The amount lost by beef is much

less than by mutton; about 279,710 oxen being slaughtered for

food per year, the average weight of a carcase being from 750^

to 800 lbs., and amount H.^Po4 in the carcase about 2 per-

cent., giving a loss of 1872 tons, about, from the grazing land

;

the amount entirely lost from the State in this wa}^ being only

about 15 tons, since only 168,294 lbs. of beef are exported.

The Victorian Year Book, 1908-9 (23), shows the grand total

number of pairs of frozen rabbits and hares exported oversea.



from years 1902 to 1908, inclusive, to be no less tlian 25,4:lG,'i4r).

Tliese large figures suggested that this one export alone niioht

be responsil)le for quite a consideraljle loss of phosphoric acid.

Some typical export rabbits were secured ; weighed fresh, dried

in the oven at 100 degrees C, and then weighed again ; the

dried flesh separated from the bones and ground to a powder ;

the whole of it weighed, and an aliquot part taken and oxidised

with boiling strong acids. The P.O. precipitated as ammonium
phospho-molybdate, redissolved, reprecipitated with magnesia

mixture, filtered, washed, dried, ignited and weighed as pyro-

]>hosphate. The bones were treated in much the same way.

dried and weighed. A little ti'ouble was experienced in getting

a homogeneous mixture, since the bones could not easily be

ground to a powder as was the flesh. The difficulty was got

over Ijy wrapping them in a cloth to prevent any loss of flying

particles, and crushing them with a heavy hammer so fine that

the mixture could be taken as homogeneous. Results of experi-

ments conducted in this way showed the amount of H.^PO^ per

total rabbit to be about 29 grammes, or 2.7 per cent. Taking
the figures given above this makes an export of about 3,362,037

lbs., or 1500 tons of phosphoric acid in the rabbits exported'

during those seven years, or taking average for one year. 214

tons. Looked at in this light the rabbit appears not only a pest

responsible for a good deal of damage to the pastoralist in an
ordinary way, but also a pest which is constantly ridding land

of valuable constituents. Of course, besides those used for

export and home consumption, there are great numbers still

left to die on the land ; but these fail to be of much service by
dying in their burrows, most of which are in low grazing land,

and deep enough to be below the general level reached by plant

roots. Having found that Victoria loses so much by her large

export of mutton, and so much by an almost incidental export

of a pest, we naturally turn to the large export^—wool. Samples
of export wool were obtained,; weighed just as they were ob-

tained; oxidised with acid, and the pliosphoric acid debermined in

the same way as in the rabbit. The first experiments showed
that the percentage of phosphoric acid in wool is low, and laro-e

1 I here acknowledge my indebteflticss to Dr. W. P. Norris for liis IciiKiiiess i?i secnriiis'

Siiiiples of wool and export rabbits.
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quantities of wool, therefore, had to be used in the estimations.

Mean of experiments gave the percentage to be .0220. It is

only the large amount of wool exported which makes the phos-

phoric acid lost in this way at all appreciable. For the year

1908-9 (23) the production of wool is given as 87,536,450 lbs.,

almost the whole of this being exported.

This gives the phosphoric acid lost in this way as 19,258 lbs.,

or about 8^ tons.

From the cultivated land the chief loss is by wheat. In year

1908-9 (23) the total wheat production in Victoria was

23,000,000 bushels, about 2,000,000 bushels of which were re-

turned to the land as seed, 21,000,000 bushels being thus lost

to the cultivated land, and of those about 15,000,000 exported.

The average percentage of phosphoric acid is about .5, in Aus-

tralian Avheat. Tte amount of pliosphoric acid therefore lost to

the cultivated land = 2929 tons and lost entirely to the State

= 2097 tons.

Siimniarisino- these results:—
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or less steadily, ever since the eountry has been used for pas-

ture ; hence need to impress the necessity of returning to the

grazing lands the essential element which thy have been gradu-

ally losing for so long.

Conclusions.

1. The phosphorus content of the muscular tissue of all

classes of animals is practically a constant.

2. The phosphorus content of the nervous tissue of all

classes of A^ertebrates is likewise practically a constant.

3. The phosphorus content of the exoskeleton of all Inver-

tebrates is low, but is considerably greater in the higher groups

than in the lower.

4. 'J'he phosphorus content of the endoskeleton of all Ver-

tebrates is much higher than in the exoskeleton of Inverte-

brates, and varies veiy little in the different classes except that

it is lower in the cartilaginous fishes.

5. Australian native grasses have a markedly lower phos-

phorus content than European.

6. Acclimatised European grasses have a higher phosphorus

content than native Australian, but lower than the same kinds of

grasses grown in Europe.

7. The wood of Australian trees has a lower phosphorus con-

tent than that of European trees.

8. The total phosphorus content of Victorian flour is low,

and the alcohol soluble moiety particularly low.

9. The phosphorus content of Victorian eggs, milk and flesh

foods does not vary appreciably frouL European.

10. The loss of phosphorus per year from Victorian grass

lands, ])y export of their products, is considerable, and it is a

nuitter of economic importance that the phosphorus thus ab-

stracted should be returned. ,

I wish very much to express my indebtedness to Professor

Osborne, in whose laboratory this research was conducted, and

to thank him for his continued interest and assistance.
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Akt. XXXI.

—

Loiujevilij of Seeds av<l Structure and

Nat are of Seed Coat.

By bertha bees,

Government Research Bursar.

(With Phites LXXIX.-LXXXI.).

[Eead 8th December, 1910].

The subject for this paper was suggested to me by Professor

Ewart some time after the publication of his work on Longevity

of Seeds. 1 From his experiments he found that the majority of

macrobiotic seeds belong to the order Legiiminosae, and that

the highest percentage of germination occvu*s among the so-

called " hard " seeds, which require soaking in sulphuric acid

or other treatment to make them swell up in water. In the

appendix to the same paper Dr. White showed that the hardness

is almost invariably due to the presence of a distinct cuticle

of varying thickness. In the small seeds the cuticle alone seems

to confer impermeability, but in the larger types the palisade

cells are also responsible.

As a large number of the hard seeds are of economic value,

it is advisable to devise some convenient method of softening

them, and, further, the method must be such as will have no

detrimental effect on the germination. This work includes also

records of a number of tests made for the purpose of ascertain-

ing the lengths of time during which various seeds retain their

power of germinating. This part is merely a few supplementary

records to those made and compiled by Prof. Ewart in 1908.

The work has been carried out in the Botanical Laboratory

of the Melljourne University under the supervision of Professor

Ewart, to whom I wish to express my thanks for his assistance

and untiring interest. I take the opportunity of thanking Mr.

H. Pye, of the Dookie Agricultural College, and the Agricultural

Department, for supplies of seeds through the National Her-

barium, Melbourne.

1 Proc. Roy. Soc. Victoria, vol. xxi., pt. i. (1908).
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Longevity of Seeds.

After the publication of tlie above-mentioned paper on "Lon-
gevity of Seeds," an additional set of seeds, all over 16 years old,

was received by Professor Ewart and passed on to me to be

tested. I used in addition a number of seeds sent from time to

time from the National Herbarium, Melbourne. These seeds

varied in age from one to fifty-nine years.*

The above seeds had all been stored in packages, and were

in a clean, dry condition. In one instance only, Alhizzia

lopJiantha, had the seeds remained in the soil. They were

gathered from ground which had been cleared of the trees in

1887, so the seeds were at least 23 years old, and the majority

were probably much older.

The method of testing the seeds was that found to be most

satisfactory by Prof. Ewart in his work. The seeds were counted

(one hundred being used for each test Avhenever material per-

mitted), sown on moist blotting paper in small glass vessels, and

kept in a germination chamber at 30 deg. C. The material was

inspected constantly, growth of mould and attacks of bacteria

being prevented by frequent washing and renewing of the

blotting paper.

In the case of samples containing hard seeds, the following

method was employed. Those seeds Avhich swelled in water

were removed, and their jjercentage of germination noted, the

remaining hard seeds were ti-eated with sulphuric acid to remove

the cuticle ; the duration of the treatment depending on the

resistance of the coat. The seeds were placed in strong sulphuric

acid for a certain time, then washed repeatedly in water and

finally with dilute ammonia to remove all traces of acid. The

number of seeds which swelled after each treatment, and their

{)ercentage of germination, were recorded in the list.

The following list is a record of all the seeds tested. The

name appears in the first column, the age of the seed in the

second, the number of seeds used for the test in the third, the

percentage of germination in the fourth, and in the fifth is noted

the method of treatment. Where the name is marked with an

asterisk all the observations are from the same .sample of seed.

*Thfoiiyh the kindness of Prof. Vines a sample of the seed of an uniianied Acacia sent

to Sir John llerschel, in 18-t:j, was received for testing. Po.s.sibly owin;; to the sniallness

of the sample none of the seeds proved to he terminable, for witliin the past three or four

years, I'rof. Vines informs me, Sir William Hersi-hel was able to raise a few short lived

seedlinjfs from the same seed.
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Structure of Seed Coat and Resistance

to Water.

As has been already mentioned in the introduction to this

paper, Dr. White examined more than 60 kinds of hard seeds,

and found that in every case the seed was covered by a cuticle

which rendered it impermeable to water. This cuticle stained

brown with chlor-zinc-iodine.

In this work I have examined an additional number of seeds,

and have selected six kinds, the seed coats of which differ some-

what in structure. These have been used throufrhout as types

and subjected to various treatments, in order to determine the

detailed microscopical structure of the impermeable coat or

coats, the nature and distribution of the impregnating sub-

stances, and the character of the material forming the basis of

the cuticularised walls. In each case a large number of seeds

were soaked in water for forty-eight hours, and all those which

remained unswollen after that time were picked out and set

aside for further treatment. In the first place hand sections

of the seed coats were cut and stained on the slide with chor-

zinc-iodine, and in this way all the cuticularised portions were

clearly differentiated. The thickness of the cuticle was also

measured. The seeds were then treated with strong sulphuric

acid for short periods of time, well washed and soaked in water

for twenty-four hours between each application. As soon as a

seed was seen to swell hand sections were cut, stained and

examined, and compared with those of the untreated seeds. In

this way it was possible to determine the smallest amount that

must be removed from the coat to enable water to enter the

seed, and hence to determine the internal boundary of the im-

permeable covering.

In many cases the water appeared to enter at one point, and

gradually pass to the rem.aining portion of the seed, causing it

to swell also. This was, of course, most noticeable in the larger

seeds, and in such cases the sections were cut from the part that

swelled first.

The seeds seleeted for this special treatment were Indigofera

arrecta, Cyttsus albus, Acacia melanoxylon, Melilotna alba,

Alhizzia lophantha and Canna indica.
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Iiidigofera arrecta.—The minute structure of the coat of this

seed has already been described by Bergtheil and Day, who

found a membrane to be present which stained with phosphoric

acid and iodine, but not with chlor-zinc-iodine, and thence con-

•cluded that the membrane was not the same as ordinary cuticle.

With carefully prepared chlor-zinc-iodine, however, I was able

to obtain the ordinary staininir results for cuticle in this case,

thus confirming Dr. White's results.

2

The average thickness of the cuticle was 0.008 mm. The

walls of the palisade cells below the cuticle stained the purplish

colour of hemicellulose rather than the blue characteristic of

cellulose. In treating with sulphuric acid the periods were

rshort ones of five, ten, fifteen and twenty minutes. There is a

considerable variation in the resistance of the seeds to the

.action of the acid. Some swelled after fifteen minutes, while

others required thirty minutes or longer to make them per-

meable. Sections of the swollen seeds showed that the cuticle

had been removed by the action of the acid, and that the ends

of the palisade cells were exposed on the surface. (Fig. 79 [3].)

Sections for comparison were also made from a more resistant

seed, which remained unswollen in water after previous treat-

ment with the sulphuric acid for a corresponding period. In

this the cuticle was still visible as a continuous layer, but was

reduced to about one-third of its original thickness. (Fig. 79

[2].) From this it is evident that the resistant powers of this

seed are due to the cuticle only, and that the inner layer is as

impermeable as the outer, and that the whole layer must be

removed in order to allow water to pass readily through the

palisade cells and to enter the seed.

Cytisus alhus.—The structure of the coat (Fig. 79 [4]) is

practically the same as that of Indigofera arrecta except that

the cuticle is only half the thickness of that of the latter seed,

being 0.004 mm. in thickness. The seeds were treated with

sulphuric acid for five, ten, fifteen and twenty minutes. There

was some variation in the length of treatment required, but the

average time was fifteen minutes, which was shorter than the

Average for seeds of Indigofera arrecta. This was only to be

1 .\nii. Bot., vol. xxi., Jan., 11)07.

2 Proc. Roy. Soe. Victoria, vol. \\i., pt. i.

12a
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expected, as the seed ooats were so much alike in structure,

and those with a thicker cuticle naturally required longer treat-

ment. Sections of the swollen seeds showed that the cuticle

alone had been removed by the acid, and that the palisade cells

were intact, so that in this type also it is the cuticle alone which

confers impermeability on the seed.

Aran a ineJanrkvylon.—These seeds are also covered by a layer

of cuticle which is much thicker than in either of the preceding

types, being 0.013 mm. (Fig. 79 [5].) Tlie walls of the palisade

cells are of cellulose, and not hemicellulose, as was the case with

the majority of seeds that I examined. As this cuticle was

thicker than the others the periods of treatment were corres-

ponding longer, and it was found, instead of swelling in water

after about fifty minutes, as might have been expected, it was

only after one hour and twenty minutes tbat they became per-

meable. Microscopic exauiination showed, as in the previous

cases, that the cuticle only was gone, and that the palisade

cells were unchanged, so it seems safe to conclude that the

cuticle is of a more resistant nature than that of Cytisus al-

bus or of Indigofera arrecta.

Me/Hotus alba.—The seed coat in this case is of an entirely

different type. The outer layer consists, like the others, of

l^alisade cells covered externally by a structureless membrane

which, however, did not ajjpear to be cuticle but hemicellulose.

It stained majenta with chlor-zinc-iodine. To confirm this result

I tested similar sections with ])hosphoric acid and iodine, and

also with chlorophyll, but in no case did the outer membrane

give the cuticle reaction.

With I'egard to the palisade cells themselves the greater part

of the wall appeared to be composed of hemicellulose, and the

outer ends only were cuticularised and microscopic examination

showed the outer cuticularised ends projecting, as it were, into

the external hemicellulose membrane. (See Fig. 1 [6].)

In seeds which had been soaked in sulphuric acid for twenty

minutes the outer membrane, and, in addition, the cuticularised

ends of the cells were dissolved away. Such seeds swelled

readily in water. In order to find whether the outer membrane

was in itself impermeable to water, some more seeds were

treated for shorter periods in order to dissolve off the outside
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coverintr without directly affecting the palisade cells. Such

seeds swelled in water, and microscopic examination showed

that the ends of the palisade cells were quite intact, but had

separated from each other, as shown in Fig. 79 [7]. From this

it would api>ear that the outer niembrane is instrumental in

conferring impermeability on the seed, though not directly re-

sponsible for it, as is the case with a true cuticle. It seems

probable that it serves rather as a cement substance, by means

of which the cuticularised ends of the cells are held closely

together, thus forming a barrier through which the water

cannot jjenetrate, and as soon as the membrane is removed, the

ends separate, and the water passes in betw^een them.

In all the foregoing cases the treatment also took place at

average room temperature—i.e., 12 to 15 deg. C.

Albizzia (Acacia) lophantha.—The seeds used for this test

were not fresh material as was the case with the other five, but

old seeds which had remained buried in the soil for at least

twenty-three years. They proved to be remarkably resistant to

the action of sulphuric acid, and to have retained their full

power of germination. I obtained also some fresh seed of the

same kind, for purposes of comparison, and this was not only

considerably less resistant, but had a much lower percentage of

germination. This is explained by the fact that, during the

time the seeds remained buried in the soil all the non-germin-

able and less resistant seeds had either decayed or germinated,

and those that were left represented the naturally selected good

seeds of many seasons. The degree of resistance varied to an

astonishing degree ; some of the seeds swelled after one to five

hours in acid, about 38 per cent, required 40 hours' treatment

to make them swell, while 6 per cent, only swelled after an

application of over 80 hours. The average temperature during

the treatment was 12 deg. C.^ I made a second test, keeping

the acid at 30 deg. C, and found that about 80 per cent, swelled

after 7^ hours in acid, and the remainder at the end of 10^

hours. This was the only case in which I tried the effect of

using sulphuric acid of different temperaturee. Many seeds,

1 Accordinji to Hiltner (Arbeiten aus der Biolog. Abteil f. Land w. Forstwirtsch am
Kaiserl. Gesundheitsamte Bd. III., p. 25), 1903. "Seeds of A. lopliaiitha required lO-l.l

hours ill H2SO4. to make them permeable—no temperature mentioned."
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even after prolonged treatment with the acid, remained un-

swollen in spite of the fact that a considerable amount of the

outer coat had obviously been removed. The reason for this can

be seen by reference to the figures of A. lophantha. Fig. 80 a

shows the structure of the untreated seed coat. It was covered

externally by a distinct cuticle 0.015 mm. in thickness ; there

were two layers of palisade cells instead of one, as is more

usual. The cells were of varying lengths, those of the deeper

row formed an undulating surface, over which those of the

outer were moulded in such a way as to form a level surface

on the exterior of the seed. The walls of the outer palisade

cells were entirely cuticularised. and those of the inner also

for some distance from the outer end, the remainder of the

wall was of ordinary cellulose, and the cell contents were proto-

plasmic. The cuticularisation ended abruptly, and in the stained

sections its limit was marked by a sharp line running across

the cells. The lumina of the cuticularised portions of the cells

are coloured black in the figure as they were otherwise difficult

to define, but as far as could be seen they were quite empty.

Fig. 80 b is a section of a seed which had been treated with

acid for several hours, and which remained unswollen in water,

although a good portion of the testa had evidently been re-

moved. It can be seen that the outer palisade cells were almost

corroded away, but as the inner cells were still intact, it was

impossible for water to enter the seed. Fig 80 c is a section of

a seed which had swollen in water, and shows that as soon as

the walls of inner cells were corroded away as far as the

openings of the lumina, water could then run into the cell

cavity, pass through the inner cellulose wall and so enter the

seed.

('anna indica.—This was the only hard seed I examined that

had not a definite cuticular membrane covering the surface. The

coat consisted of palisade cells, the walls of which were cuti-

cularised except at the inner ends. Running transversely near

the middle of the cells was a definite line which did not appear

to have any morphological existence, or even to mark the boun-

darj' between layers of varying cuticularisation, but which was

apparently the result of an optical effect. The lumina were

narrow, with two dilatations, a slight one at the outer end, and
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a lai<re one at the inner end ; the latter had protoplasmic con-

tents.

The shape of the luniina trives the cells a very characteristic

appearance. At intervals across the luniina were delicate oblique

partitions of cuticularised substance. The seeds swelled after

about two hours in sulphuric acid at 22 deg. C. The coats of

the swollen seeds were very soft, and it was difficult to cut

satisfactory^ sections of them. So I embedded them in paraffin

without dehydrating, and cut sections with a horizontal micro-

tome. The sections showed that the palisade cells were corroded

away somewhat irregularly, so that it was difficult to judge to

what extent the corrosion was necessary in order to permit

water to enter, but it seems probable that it must at least pjro-

ceed just beyond the last cross partition in any one cell. The

entry of water into the cell would cause such a distortion of

the micellae of cellulose as to give rise internal stresses and

strains would disturb the micellae in other parts, so that

they would become forcibly separated, and this would enable

the molecules of water to push their way in. The results of

the above experiments are summarised in the following table :
—

Seed.
Thickness of

Cuticle.

Indigofera arrecta - 0.008 inni.

Cytisus albus - - 0.004 mm.
Acacia melanoxylon 0.013 mm.
Melilotiis alba - No true

cuticle

Albizzia l(i]jliantha- 0.015 mm.

Canuii inJica - No cuticle

Averajft- time in

sulpliuric acid at

12-1.')"C. required
to produce s\v.

15-30 mill.

15 min.

I hr. 20 mill. -

10 min.

40 hrs. at 12° C.

7 hrs. at 30° C.

21u-s.

Iniperineable portion
of Seed.

Cuticle

Cuticle

Cuticle

Cuticularised ends of

palisade cells

Cuticle and palisade

cells

Palisade cells only

Nature of Cuticle and Methods of Softening

Hard Seeds.

In the formation of cuticle the cell walls have become im-

pregnated with cutin. Whether these materials penetrate the

cell wall as a waxy substance, or whether they are deposited as

the result of subsequent chemical change, is unknown. Van
Wisselingh,! contrary to the opinions of Von Hohnel and Zim-

1 Archives Neerlandaises des Sciences Rlxactes et Naturelles, tome x.wiii., 1894.
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merman, concluded that cutin must always pass through cellu-

lose to reach cuticle. In this it differs from cork in which the

suberin is formed in direct contact with the protoplasm. The
most important impregnating substances are compounds of

glycerine with stearic, palmitic and suberic acids, and these,

being of a fatty nature, should be soluble in ordinary fat sol-

vents, saponified by potash, and should have a definite melting

point. Associated with these fatty substances are other non-

melting materials, and so intinuite is the connection between

the two that it is often difficult for the various reagents to act

on one of the two impregnating substances, as its action may
be hindered by the presence of the other. For example, a tem-

perature of over 200 deg. C. may be required to cause physical

decomposition of cutin, but once the materials are separated

they will remain liquid at a much lower temperature. Possibly

the cutin substances exist in the intact cuticle in a kind of

loose chemical combination.

The work hitherto has been done with leaves of Oleander,

Eucalyptus, Holly, etc., in which the cuticle, though well deve-

loped, cannot compare for thickness with that present on the

outside of many hard seeds. Van Wisselingh in his work dis-

tinguishes between cuticle and thickened cuticularised cell walls.

In the former he found only a trace of cellulose or none at all,

while the cuticularised walls had a definite framework of cellu-

lose. The cuticle in these leaves would seem therefore to be

an exudation from the cells of the epidermis or a deposition of

cuticular substances on the outside of the cell walls of such cells.

It seems, however, highly improbable that a cuticle of the thick-

ness found covering hard seeds should exist without a frame-

work of some kind, but nmch more likely that it should be

formed by the deposition of cutin within the substance of the

original cell wall (or some modification of it), which, in conse-

quence, would increase greatly in thickness. The particles of

cutin would be evenly distributed among the micellae of the

cellulose forming the framework.

If such seeds were treated with fat solvents the waxy materials

should be dissolved out, and the insoluble basis be left, and it

would be possible to detect the presence and nature of the

latter by using suitable stains. If an outer membrane can be
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shown still fuveriiii;- the seed, and the thickness of it l)e the

same as that of the original cuticle, it would be safe to con-

clude that in the coverings of hard seeds at least an insoluble

basis is present throughout.

Tbe method used Avas as follows—the seeds were treated for

varying lengths of time with chloroform, warm alcohol, tur-

pentine, and strong caustic i>otash, sections were made of the

seeds which swelled in water after the treatment, these were

stained as before with chor-zinc-iodine and compared with

similar preparations of untreated seeds. The seeds used were

the same as those selected for the examination of the structure of

the seed coat. Of the reagents used chloroform and caustic

potash gave most satisfactory results, and turpentine had no

effect whatever. Boiling absolute alcohol produced swelling

in all cases, but as soaking in water or 70 per cent, methylated

spirit at a corresponding temperature gave similar results it

seems probable that the action is uuiinly a physical one, due

to the melting of the fatty substances l)y the action of heat.

Indujiifera arrertd and Ci/tisus albii'^ U'ave similar results

in all cases. Boiling in absolute alcohol for two hours' j^ro-

duced swelling, and sections of the swollen seeds showed that

the cuticle had entirely disappeared. One hour in boiling

alcohol caused a few seeds to swell, and in these also the cuticle

was gone, but there was a distinct rather ragged bluish line

along the outer nuirgins of the cells. As the sections dried

this line seemed to shrink somewhat, although, as it was not

very thick in the first place, the change was not remarkable.

Maceration in chloroform at .30 deof. C. for ei<?hteen weeks was

also instrumental in producing swelling, and the stained sec-

tions of these seeds showed a marked contrast with those of

untreated seeds. TTie outer membrane no longer appeared dark

brown, but was tinged with the violet colour of hemicellulose.

(See Plate 81, a, b.) A similar result was obtained by soaking

the seeds in a saturated solution of caustic potash at 30 deg. C.

for four weeks, or by boiling in the same for 5 min. The sec-

tions after this last method were unsatisfactory on account of

the excessive softening of all the parts by the action of the

potash, whereas prolonged soaking in chloroform appears to

remove the cutin without affecting in the least the structure

of the carbohydrate basis in which it is embedded.
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Seeds of Acacia melanoxylon gave similar results as far as

swelliner was concerned. Three hours' treatment in boiling

alcohol and in water at the same temperature caused a number

of the seeds to swell on subsequently soaking in water,

and the power of swelling was also restored by maceration

for 18 weeks in chloroform at 30 deg. C When, however,

a comparison was made between stained sections of treated

and untreated seeds, no diti'erence could be detected between

them, and both appeared as shown in Plate 81, c. The most

probable explanations seemed that either theie was some

other material present in the outer wall which prevented the

cellulose reaction or that the supporting tissue was some sub-

stance other than cellulose. If the former were the case the

most likely material to mask the cellulose colour Avould be

tannin. The seeds were therefore tested for this substance, with

potassium cyanide, ammoniacal solution of ammonium picrate, lead

acetate and caustic potash followed by sulphurous acid, and with

ferric chloride,^ and in each case the result was negative. The ma-

terial which would be most likely to occur in the place of cellulose is

pectose. According to Van Wisselingh pectose is somewhat

like cellulose, but more gelatinous in character. In case the

framework should be a mixture of pectose and cellulose, the

sections were macerated in cuprammonia until the walls of the

palisade cells, which were pure cellulose, were dissolved away :

they were then stained with iodine and phosphoric acid, which

stains pectose pale yellow, but as this colour did not differ

much from that showD by the untreated seeds a further test

was necessary. Following the directions of Van Wisselingh^ for

the removal of pectose the seeds were boiled repeatedly in dilute

acids and alkalis, and washed between each operation, but this

treatment softened the seeds to such an extent that section

cutting was impossible. The second method of heating in

glvcerine from 25O-300 deg. C. proved more satisfactory, and

after half-an-liour's treatment the outer membrane was quite

dissolved away (Plate III. d), so it seemed that in this case

the framework of the cuticle was pectose and not cellulose or

hemicellulose. This variation in the nature of the supporting

1 Methods jfiveii in Czai>ek Biocheiiiie.

2 Czapek Biochemie, i., p. r)52.
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tissue is of interest because correlated with it, as already shown.

is a greater resistance to the action of sulphuric acid.

The results obtained with Melilotu.s alba did not correspond

with any of the others on account of the different nature of

its seed coat. Boiling in absolute alcohol for five minutes

or for three-quarters of an liour in 70 per cent, methylated spirits

at 7-3 deg. C. produced swelling, but there was no apparent

change in the structure of the seed coat. The swelling must

have been due to the disturbance of the micellae of hemi-

cellulose by the action of heat causing the cuticularised cells to

become separated, and not to any actual change in the cuti-

cularised substance. Hemicellulose, being unaffected by chloro-

form, effectually prevented the latter from reaching and dis-

solving out the fats in the cuticularised wallis, and maceration

in chloroform at 30 deg. C. for eighteen weeks had no effect

whatever on the seeds. Sections were then made and kept in

chloroform at the same temperature for a period of four weeks,

and at the end of that time were washed and stained with

chor-zinc-iodine. The whole cell wall now showed the hemicellu-

lose colour, which was darker at the tip, where it had been pre-

viously cuticularised. (Plate 81 c.) The action of caustic potash

was to entirely remove the outer membrane and to take out,

probably by saponification, the waxy substances from the cuti-

cularised parts.

In the case of Alhizzia h>j)hauihn some of the tests were made

with both old and new seed, and although the final results

were the same, the degree of resistance of the two samples

differed widely. For example, two haurs in boiling alcohol

caused 69 per cent, of the fresh seeds to swell, whereas three

hours were required to produce a similar result with the old

seed. As in all other cases the alcohol had no apparent effect

on the structure of the cuticularised parts. In using caustic

potash, four weeks at 30 deg. C. or one hour on a boiling water

bath were required to produce swelling. The seeds' coats were

softened to such a degree that section cutting was out of the

question, but parts mounted and stained with chlor-zinc-iodine

gave a distinct hemicellulose reaction. Maceration in chloroform

for 18 weeks at 30 deg. C. also produced swelling, and in pre-

pared sections the palisade cells which had previously stained
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brown showed the purplish colour of hemicellulose (PL 81 f, g).

Oanna indica served to contirm the above results. After 9

weeks in chloroform one out of ten swelled, and the seed coat

gave the cellulose reaction, and a section of such a coat stained

with chlor-zinc-iodine is figured in PL 81 h.

Swelling was also produced by the action of caustic potash, but

seeds required long maceration in this substance to produce

satisfactory results— 1 hour in test tube on boiling water bath,

and over 3 months at 30 deif. C.

Summary.

1. The general result of the series of germination tests in

the first jjart of this paper confi.rnis Prof. Ewart's statement

that the macrobiotic seeds belong for the most part to the

order Leguminosae, that the highest percentage of germination

occurs among cuticularised seeds, and that the more imper-

meable the cuticle the higher is the percentage of germination.

This fact is demonstrated by the results obtained with Acacia

aciuacea, A. decurrois and A. jii/cnaiif/ia, from these samples

those seeds which swelled in water showed a feeble power of

germination, while hard seeds from the same sample, which

required prolonged treatment with sulphuric acid to uuike

them swell, showed a percentage of germination from fifty to

one hundred. There were a few exceptions to the above, which

are worthy of note. Eucah/ptus caloplij/lJa and E. diversicnlnr

both possess macrobiotic seeds although unprovided with any

specially impermeable coverings ; they are further remarkable,

as longevity is not as a rule a characteristic of large .seeds contain-

ing oil. Another interesting result was obtained in the case of

Sorgh-nm, in which one sample .sixteen years old showed fifteen

per cent, of germination. This places Sorghum above Trlf'unim,

which is one of the longest lived of the cereals.

2. The impermeability of hard seeds in all those examined

is due to the presence of cutin, which may—(a) form a mem-

brane on the outside of the seed as in Cyticus alhus, Iiuligo-

fera arrecta, and Acacia melanoxylon, (b) be laid down in the

cell walls of the palisade cells as in Melilotus alba and ('(imia

indica, or (c) be found both as an outer membrane and in the walls
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of the palisade cells as well, as in Alhi~:ia loplidntlia. The

deuree of iuipenueability does not depend onh' on the thick-

ness of the cuticle, but probably on the proportion of waxy

substance present in the membrane.

W. The cuticle found covering hard seeds differs somewhat

from that existing on many leaves. In the former it is an

exudation beyond the cell wall, whereas in the latter it consists

of a definite basis throughout which the particles of cutin are

deposited. In a thick cuticle like that of Alhizzia lophautha

the greater thickness is probably due. in part at least, to a

greater proportion of cutin being present, so that the degree

of separation of the micellar basis must be greater than in a

thinner cuticle like that of Cytiftus alhus or Indigofera arrecta.

The nature of the substance forming the basis may vary some-

what. Judging from the seeds examined it seems, in the

majority of cases, to be hemicellulose ; in Canua indira it

seemed intermediate between cellulose and hemicellulose, and

in one case (Acacia melanorylon) it was made up of pectose, and

in this la«t case the cuticle was, curiously enough, of a more

resistant nature than that of those which had a basis of hemi-

cellulose.

EXPLANATION OF PLATES. LXXIX.—LXXXL

Plate LXXIX.

Fig. L—Seed coat of Indigofera arrecta.

Fig. 2.—Same after short treatment with sulphuric acid.

Fig. 3.—Same after longer treatment \yith sulphuric acid.

Fig. 4.—Seed coat of Cytisus albus.

Fig. 5.—Seed coat of Acacia melanoxylon.

Fig. 6.—Seed coat of Melilotus alba.

Fig. 7.—Same after treatment with sulphuric acid.

Plate LXXX.

Fig. a.—Seed coat of Albizzia lophantha.

Fig. b.—Same unswollen after treatment with sulphuric acid.

Fig. c.—Same swollen after pi'olonged treatment with Ht,, SO^.

Fig. d.—^Seed coat of Canna indica.



414 BevtJui Rees : Longevity of Seeds.

Plate LXXXI.

All sections stained with chlor-zinc-iodine.

Fit;, a.—Seed coat of Indigofera arrecta after maceration in

chloroform.

-Similar sections of Cytisus albus.

-Seed coat of Acacia melanoxylon apparently unchanged

by maceration in chloroform.

-Same after treatment with glycerine at 200 deg.

-Seed coat of Melilotus alba after section treated with

chloroform.

-Seed coat of Albizzia lophantha (untreated).

-Same after maceration in chloroform.

-Seed coat of Canna indica after maceration in chloro-

form.

The coloured plate accompanying this paper was originally printed in

the " Joiu-nal of Agriculture," and I have to thank the Hon. Gr. Graham,

M.L.A., Minister of Agriculture, for the gift of copies of the plate for

inclusion in the present volume.

Fig.
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Akt. XXXTT.—Oh nullie Klijiposcd I'jiiil iicd S'poDc/es

JTom Qaeeiis/(iji(/.

By FRKDERTCK CH.\PMAN, A.L.S.,

Palaeontologist to the National Mnseum, Mellioiunt'.

(With Plate LXXXII.).

[Read Hth December, U»10].

Introduction.

The two specimens forming the sul>ject of this note were

purchased a few years ago for the National Museum collection

from a Melbourne dealer, by Avhom they were regarded, not un-

naturally, as " fossil fruits." It is fairly conclusive, however,

from their shape and superficial characters, that they are pseudo-

morphs of typical Upper Cretaceous siliceous sponges. These

pyritized fossils bore the rather vague locality label " Darling

Downs, i}." They are, therefore, presumably from the Desert

Sandstone formation (Upper Cretaceous), which is so exten-

sively exposed in certain parts of Queensland. xVnother fossil

specimen of very great interest accompanied the sponges in

the same collection, which helps to corroborate the location of

these fossils. It is a nearly perfect s])ecimen of an internal cast

of Mirraster, which in all probability can be referred to the

M. sweeti of Mr. Etheridge, junr., and which up to the present

was represented only by an imperfect cast from the Desert

Sandstone of Maryborough, Queensland.

i

The sole exposure of Desert Sandstone on the Darling Downs

is in the Derby District, where an elongated outlier, averaging

about ten miles across, extends in a south-easterly direction

from Wambo, south of the C(»ndamin6 River, to Mount Dom-

ville. Hence it is suggested that this is most likely the locality

which yielded these fossil pseudomorphs.

1 Geol. and Pal. of t^ueeiisland and New Guiiit-a, 1S92, pp. 559, oGO.
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The pyritized (?) sponges now described resemble the Lithistid

types of the characteristic Upper Ctetaceous genus, Siphonia.

The material which has replaced these sponges is now in the

mineral form of marcasite. A radial structure in the interior is

visible through the cracks which have developed in one of the

specimens. On account of the complete crystalline replacement

of the mass of the sponge, no spicular structure is preserved.

As before stated, we have only the evidence of shape and super-

ficial characters on which to base conclusions. No sponge re-

mains appear to have been recorded from Australian Upper

Cretaceous rocks ; and the Lower Cretaceous has afforded only

one genus, in the Hexactinellida, viz., FurislpJionia.

Description of the Specimens.

cf. Genus Siphonia (Parkinson), Goldfuss pars.

Specimen A. (Plate LXXXIL, Figs. 1 a, h.)

This specimen is apple-shaped, or, perhaps, more accurately,

melon-shaped. It is subspherical, but more elongated on the

vertical axis; very tumid in the zone of the basal third; de-

pressed and slightly tapering above the middle, where the sur-

face is tumulose. Upper surface rounded, with a relatively

small cloaca. Stalk inserted in a slightly depressed area.

Lateral surface of the body with irregular, anastomosing or

branching longitudinal grooves, giving the sponge the charac-

teristic rugose appearance often present in Siphonia. (1) Ves-

tiges of the fine incurrent openings may be seen on the surface

of the cast, and more thickly disposed in the depressed parts.

Measurements.—Greatest length of body, 47.25 mm.

Greatest width of body, 45 mm.
Diameter of cloacal opening, circ. 4.5 mm.

Length of peduncle, 4.75 mm.
Width of peduncle at base, 8.75 mm.

Remarks u/i specimen A.—The form of this pseudomorph may

be compared with that of the typieal Cenomanian species,

Siplionia tulipa, Zittel, wliirli is so comnion in the L^pper

Greensand of Warminster and Hlackdown, England. A critical

comparison shows the Queensland fossil to be nearest the
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exaiuiile <it' the alxjve species figured by G. 8owerby,i under the

name of SipJio/ila pyrifi)rinis (non Cxoldfuss), and I'e-figured by

Zittel.2

Specimen B. (Phite LXXXII., Figs. 2 a, h.)

In form this fossil is subcylindrical, slightly rcLairved, that is

to say, concave and convex on opposite lateral faces resjDectively

;

bluntly rounded at the apex, with a conspicuous cloacal aper-

ture, now filled with a projecting plug of pyrites, from which

radiate a few irregular and obscure (?) excurrent canals. Distal

end furnished with a short stout stalk, which, at the junction

with the sponge body, is seated in a. slight depression. Surface

of sponge relieved Avith lobular swellings. In places the sui'face

shows patches of especially verrucose character, which may be

the vestiges of former areas of the incurrent system of canals.

This structure is now, however, obscured by the development of

crystal facets over the surface of those areas.

Measurements.—Greatest length of body, 45 mm.
Greatest diameter of body, 32 mm.
Diameter of cloacal opening, 5.75 mm.

Length of peduncle, 11 mm.
Width of peduncle, 7.25 mm.
Remarha on specimen 5.—This example at first sight ap-

peared to belong to the genus PJiymateUa, Zittel, on account of

its subcylindrical form. The rounded summit and shape of the

cloacal area, however, and the impressed pediuicular seat ex-

clude it from that genus. On the other hand, certain sub-

cylindrical varieties of Siphonia tulipa, Zittel, show that our

specimen is related to that specific type: Thus, a closely com-

parable form is that figured b*' Sollas,'^ under the name of S.

pyriforniis. Sow., var. cylindrica, Coui'tillier. We here follow

Dr. G. J. Hiude^ in placing Sowerby's species pyriformis, and

also Prof. Sollas' so-referred species shown in his Figures 1, 3,

4, 6, 8 {loc. cit.) with Zittel's ,S'. tulipa. We may therefore re-

gard this Queensland fossil as probably referable to (S'. tulipa,

1 Geol. Trans., Series 2, vol. iv., 1836, p. 34C, pi. xva., figs. 4 and 5.

2 Traite de Palcotitologie (French ed.), 1883, vol. i., Paleozoologie, ]). 169, fig. 80i.

3 Quart. .Jour. Geol. Soc, vol. xxxiii., 1877, pi. xxv., fig. 4.

4 Cat. Foss. Sponges, Brit. Mus. (Nat. Hist.), 1883, p. 64.

13
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Z. var. cylindrica, Court. The last-named author recorded his

variety from the Cenomanian (Lower Chalk) of Sauuiur. Maine-

et-Loire, France.

3

It is worth noting, as further stratigraphical evidence of the

homotaxy of the Desert Sandstone with the Upper Cretaceous

elsewhere, that both Siplionia tulipa and its variety n/Uudrica

occur in Europe in the latter series.

Explanation of Plate LXXXII.

Fig. 1.—Pyritized sponge, cf. Siphonia tulipa, Zittel. a,

Lateral aspect ; h, apical aspect.

Fig. 2.—Ditto, cf. S. tulipa, Zittel, var. rylindrica, Courtillier.

a, lateral aspect ; h, apical aspect.

Figures slightly less than natural size..

1 Courtillier, A. " Epoiiffes fossiles des sables du terrain Crotacf superieur des envi-

rons de Saumur, etage Senonien de D'Orbigny " (Extrait des Aniiales de la Societe

Linneene de Maine-et-Loire), 1861.



Proc. E.S. Victoria, 1910. Plate LXXXII.
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Pyritized Sponges: Upper Cretaceous, Queensland.
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Akt. XXXIII.

—

A Revision of the Species of LiTiiojysis

in the Tertiary Beds of Southern Australia.

By FREDERICK CHAPMAN, A.L.S., *fec.

Palaeontolo.^'ist to the National Museum. Melbourne.

(With Plates LXXXIII.-LXXXV.).

[Eead 8th December, 1910].

Introduction.

In the course of preparing a Catalogue of Type Fossils in the

National Museum, some difficulties arose with regard to the

names of our fossil species of the genus Limopsis. The separa-

tion of species in this genus is somewhat intricate on account

of the closely graduated characters of some of the forms, al-

though they can generally be grouped around certain central

types. Furthermore, the genus seems to have been remarkably

susceptible to any slight differences in the local surroundings,

and to the nature of the sediments which were laid down in the

various habitats. The evidence gathered from a consecutive

study of the range and variation of species of this genus

throughout the Victorian Tertiaries tends to show that the Ter-

tiary sedimentation in this part of the world was rapid

and continuous from the ba.se to the summit, In other

words, the species to which our fossil examples pertain are,

generally speaking, persistent almost throughout the series •

and in two important cases there are no palaeontological gaps

occurring which allow the appearance from foreign sources of

any forms distinct in shape or ornament, our species being

traced from point to point in all their gradations.

Undoubtedly the central type-form of the genus is closely

iillied to that which Sir F. McCoy identified with the commonest
134
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of our Tertiary examples of Limojjsis, viz., L. aurita, Brocchi

sp. It will be seen, however, in the detailed description, that

the Patagonian and New Zealand species, L. insolita, Sow. sp.,

is closer to the Australian form, and, indeed, specifically identical.

In the present revision the relationshijis of the living

Victorian and kindred species of the genus have been discussed

;

and it may here be suggested that the trouble of making a

further and general comparison of the living with the fossil

fauna of the Australian marine areas would be amply repaid by

the acquisition of a correct knowledge of the percentage relations

one to the other.

The specific names it is proposed to adopt in this paper are

the following :
—

Name. Salient Charactei's.

L. morningtonensis, Pritchard - Valves depressed, subquadrate ; con-

centric ribs accentnated. Orna-

ment in later stage sectinate.

L. maccoyi, sp. nov. ( = L. belcheri. Valves depressed, long-ovate, oblique;

McCoy, non Adams and Reeve) radial ribs accentuated. Ornament
fimbriate.

L. 'rnultiradiata, Tate - - Valves nearly as above, not so oblique

radial ribs bifurcating. Ornament

margaritate.

L. beaiimariensis, sp. nov. (= ?L. Valves subti-igonal, ventral border

forskali, Adams, /irfe Tate) - long, moderately deep to shallow

Ornament nearly as in L. maccoyi,

but caneellate.

L. insolita, Gr. Sowerby, sp. - Valves deep, subovate, oblique, occasi-

onally subtrigonal ; with well-

marked concentric laminae, ei'ossed

by fine, pseudo-divergeiTt striae.

Ornament malleate.

Description of Species.

LiMOPSis MORNIXGTO^•EN^<Is, Pritchard.

(Plate LXXXIIL, Fig. 1 ; PI. LXXXV., Fig. 7).

L. morningtonensis, Pritchard, 1901, Proc. R. Soc. Vict. vol.

XIV., N.S., pt. I., p. 24, pL II., Figs. 6, 6a.

Abridged Description (for full details see above).—Shell

roundly quadrate, depressed ; slightly oblique, with a small but
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prominent acute and incnrved umbo. Hinge-line nearly straight.

Ligament pit triang-ular, well marked. Teetli, 5-9 anterior

;

4-7 postei'ior, unequal, median ,stronge.st. Internal margin of shell

broad, tint ; interior finely radiately striate. Exterior with

strong concentric ridges, crossed by very faint striae. Type,

height, 14 mm.; length, 12.5 inm.

Distribution A—Balcombian.—Baloombe's Bay ; Grice's Creek;

Altona Bay Coal Shaft ; Muddy Creek (Lower Beds) near Hamil-

ton ; Gellibrand River ; Orphanage Hill, Geelong ; Skinner's,

Mitchell River, Gippsland.

JanjuTtian.—Batesford ; near Griffin's Farm, Moorabool

River ; below Curdie's Steps ; Fishing point, R. Aire.

Observations.—This species is a comparatively rare form, and

is not easily mistaken for any of the other species, except it be

the young forms of L. maccoyi. The distinguishing characters

of the latter are the strong radial riblets, the fimbriate ornament

and the greater obliquity of the shell.

LiMOi'sis MACCOYI, sp. nov.

(Pi. LXXXIIL, Fig 2; PI. LXXXV^, Fig; 8).

L. helrlieri, McCoy (non Adams and Reeve), 1875, Prod. Pal,

Vict., Dec. IL, p. 25, pi. XIX., Figs. 8, 9.

Relationshijjs.—Not a little confusion formerly existed regard-

ing the identification of the recent species of Limojjsis ascribed

by McCoy to L. belcJieri. This has now been satisfactorily

settled, so far as the living Australian examples are cojicerned,

by Mr. Chas. Hedley.2 Tlie name of the living form now stands

as L. tenisoni, T. Woods (syn. L. bassi, E. A. Smith). The

species />. belcheri, Adams and Reeve, is a distinct, although

related form, from the Cape of Good Hope.

The fossil species common in our Balcombian strata, and

occasionally found in the Janjukian and Kalimnan, bears a

general resemhlance both to L. belcheri and L. tenisoni. It is

1 The sequeiioe of the Balcombian and Janjukian Series here follo>ved is the same as

that adopted by Messrs. Tate and Deniiant, viz., the Balcombian as the older. The present

view is stronjfly suported by palaeontolojjical evidence from the Mallee borings now under
description, and also by a close study of the mierozoa of the Tertiaries of Victoria and
elsewhere.

2 Mem. Australian .Mus., No. iv., 1902, p. 297.
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L. maccoyi

L. tenisoni

specifically distinct from the recent L. tenisoni in the following

particulars :-

—

Outline. Ornament. Iiental Armature

Long ovate, very Radial stronger than Teeth short,

oblique in ger- concenti-ic, the latter curved, com-

ontio stage. being wavy and fimbri- paratively

ate. few.

Roundly ovate. Radial ornament strong, Teeth longer,

oblique in ger- some undulose ; inter- more numer-

ontic stage. spaces occupied by fine, ous.

closely set bars, not so

wavy as in L. maccoyi.

Ligament pit in the fossil species usually smaller.

The description of this form by McCoy, under the name of

L. helcheri (loc. supra cit.) is so full and precise as to obviate

any further reference to its specific characters here. It may,

however, be remarked in passing, that specimens in the neanic

stage usually show a crenulated inner margin, as in the northern

form, L. aurita ; but this character is lost in the later develop-

ment of the shell.

This fossil form appears to be the progenitor of the living

species, as shown by its shape, and also by the general type

of ornament, which in L. tenisoni is less redundant, the fimbria-

tion being reduced to beads on the riblets, and to curved bars

in the interspaces.

The differences between the Balcombian forms^ and the living

are so marked as to warrant a new name, and hence the shell

termed L. helcheri by McCoy, and later confused by various

authorities with some other tertiary shells of the same genus,

is here re-named L. maccoyi in honour of its first describer.

Both L. rnorningtonensis, as before stated, and L. multi-

racliafa, are somewhat related in outline, the latter being prin-

cipally distinguished by its interrupted and bifurcated ribs.

Dist?-ibution.—Balcombian.—Balcombe's Bay and Grice's

Creek, Port Phillip ; Gellibrand River, three miles W. of mouth

(G.S.V.).

Janjukian.—^Bird Rock Cliffs near Torquay (G.S.V.), very

rare.

1 The Kaliniiian forms are smaller and are probably aniiectant with the recent species

This is borne out by the intermediate character of the surface ornament.
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Kalimnan.—Beaumaris (G.S.V.), rare; the majority of the

shells referred to as L. belcher i from Moorabbin ( = Beaumaris) by

McCoy (loc. supra cit., p. 26), are herein described as a new

species, L. beauinariensis ; it was formerly doubtfully identified

with the Japanese shell, L. forshali, Adams, to which it bears

some affinity. Also " Forsyth's," Grange Burn, near Hamilton,

and • McDonald's,'" Muddy Creek (F. C. coll.).

L1MOP8IS MULTIRADIATA, Tate.

(Pi. LXXXIV., Fig. 4; Pi. LXXXV., Fig. 10).

L. tnultiradiata, Tate, 1886, Trans. R. Soc. S. Austr., Vol. VIII.,

p. 135, pi. XII., Figs, la, b. G. F. Harris, 1897, Cat. Tert.

Moll, in Brit. Mus., pt. I., Austr. Tert. Moll, p. .346.

This species is allied to L. maccoyi ; but is distinguished

by its bifurcating riblets and the wavy, tessellated ornament.

It is also rounder in outline than either L. maccoyi or L. in-

solita.

Distribution.—Localities all in South Australia. Adelaide

Bore ; Aldinga ; Ninety Mile Desert.

LiMOPSIS BEAUMARIEXSIS, sp. nOV.

(PI. LXXXIV., Fig. 6 ; PL LXXXV., Fig. 12).

L. forsJcali, A. Adams {fide Tate), 1898, Trans. R. Soc. S. Aust.,

Vol. XXII., p. 68, list name.

Description.—Shell subtrigonal, never very oblique, usually

thick, comparatively tumid. Nearly equilateral up to the

neanic stage, becoming slightly oblique in the ephebic and

gerontic phases. Ligament pit large and triangular. Hinge-

line strongly arched. Type specimen with 9 anterior and 9 pos-

terior teeth ; another specimen with 7 anterior and 8 posterior

teeth. Ornament consisting of well marked, slightly undulating

primary riblets, with from 0-4 secondary riblets in the inter-

spaces, crossed by fainter, equidistant growth-lines, producing

a distinct cancellated surface. Interior of valve finely striate

;

internal margin flat, smooth. A fairly constant variety is often
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met with at " McDonald's," Muddy Creek, and other Kalimnan

localities, distinguished by its thin, depressed form, apiculate umbo

and stronger concentric striae. This might be appropriately

termed var. depressa, nov.

Dimensions.—Type: Height, 20.25 mm.; length, 21 mm.;
depth of valve, 6 mm. ; length of hinge-line, 9.25 mm. ; height

of ligament pit, 1.75 mm. Smallest sample: Height, 11 mm.;
length, 11.5 mm. Locality of type, Beaumaris, from a bed

of white clay (Kalimnan), G.S.V. coll.

Relationships.—Amongst a dozen examples of the genus

Limopsis from Beaumaris labelled as L. belcheri by McCoy, in

the National Museum collection, two are undoubtedly referable

to L. maccoyi, whilst the remainder, which are deeper shells of

a subtrigonal form and of a stout build, belong to the species

now described as L. heaumariensk. The dental armature is

strong, although the number of teeth is the same as in L.

maccoyi, from 15-19. Compared with L. iusolita, that species

rarely has more than 14. The ligament pit is long and deep as

in L. insolita, but the ornament is clearly that of L. macroyi.

This form is extremely interesting as pointing to a local

hybridisation of two tolerably distinct shells.

Observations.—Professor Tate, in objecting to McCoy's identi-

fication of the recent Australian Limopsis with the Cape of Good

Hope species, L. belcheri, suggested its alliance to L. forskali,

Adams. 1 In subsequent lists Prof. Tate records L. forskali as

occurring in the Tintinarra Bore, S. Australia, in pre-Kalimnan

strata.2 This identification of the Kalimnan fossil was per-

petuated by later authors, presumably by comparison with Tate's

examples. In the Dennant collection in the National Museum

some very fine shells of the above species from the younger

Muddy Creek beds (Kalimnan) are labelled " Z,. forskali";

whilst shells of the form now referred to as L. maccoyi, from

the older Muddy Creek beds (Balcombian). were labelled by the

late Mr. Dennant as " L. forskali, var.'' There is no doubt,

therefore, as to the shell ascribed by Tate to L. forskali, since

Mr. Dennant had carefully compared his specimens with Tate's

named examples.

1 Trans. Roy. Soc. S. Aust., vol. xxi., 1897, p. 48.

2 Ibid., vol. xxii., 1898, p. 68.
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With regard to L. forskali, this shell was described by Adams
from recent examples (dead shells), from the shores of Japan.i

No figure of the species was given, and, although the description

agrees in many particulars with the present form, the Japanese

shell differs in having the radial riblets alternately large and

small, whereas the radii in the fossil species shows every grada-

tion between simple primary riblets and intermediate riblets

from 1 to 4 in number. In the absence of authentic specimens of

L. forskali, and bearing in mind the difference in ornament

noticed above, it appears safer to designate our common
Kalimnan species by a distinctive name.

The examples of L. beaumariensis from the Kalimnan series of

Grange Burn and McDonald's, near Hamilton, are generally much

abraded and ironstained, and in some cases the shell surface is

80 highly polished as to show that they have been undoubtedly

subjected to wind erosion.

Distribution.—The distribution of the above species does not

coincide with that of L. forskali as recorded by Dennant and

Kitson2 in their Barwonian group of localities, since the former

author had compared L. belcher i (=L. maccoyi, sp. nov.) with

that form {teste Dennant Coll.).

Barwonian.—Lake Bullenmerri, Camperdown. G.S.V. coll.

Kalimnan.—Beaumaris ; McDonald's, Muddy Creek ; For-

syth's, Grange Burn ; Jemmy's Point. Gippsland (in Dennant

coll. as " '] Limojfsis insolita, var.").

LiMOPSis INSOLITA, G. 8owerby sp.

(PI. LXXXIV., Fig. 5; PI. LXXXV., Fig. 11).

Trigonocoelia insolita, G. Sowerby, 1846, in Darwin, Geol. Obs.

S. America, p. 252 (2nd ed. 1S76, p. 608), PL II., Figs.

20, 21.

Limopsis insolita, Sow. sp., Zittel, 1864, Reise der " Novara,"

Vol. I., Abth. II., p. 48, PI. XIII., Fig. 1.

L. aurita, McCoy (non Brocchi sp.), 1875, Prod. Pal. Vict., Dec.

II., p. 23, PL XIX., Figs. 5-7.

L. insolita. Sow. sp., Harris, 1897, Cat. Tert. Moll. Brit. Mus.,

Pt. I., Australasia, p. 344.

1 Proc. Zool. Soc. Lond., 1862, p. 230.

2 Rec. Geol. Surv. Vict., vol. i., pt. 2, 1903, p. 122.
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Eelatinnship to I,, aurita.—The Victorian species generally

referred to under the name of L. aurita, Brocchi sp., is closely

related to that well-known European type of shell ; but it differs

in the following particulars from Brocchi's original figure and

description.! The shell is heavier when in the ephebic and

gerontic stages ; is more ovate, as well as more oblique, rarely

being subtrigonal,'^ as in Brocchi's figure of the Pliocene form ;

and is peculiarly striate in an apparently double divergent series

on each concentric lamina. The original descriptions of Brocchi

and G. Sowerby are here given.

" Area aurita,^' Brocchi.

Shell ovate, oblique, narrow above ; concentrically ridged,

rugae crowded, elevated. Hinge-line ear-shaped, with a distinct

triangular pit. Margin entire.

" Trigouocoelia insolita,' G. Sowerby.

Shell subovate, thickened, very oblique, smooth ; ligament pit

trigonal, laterally elevated ; teeth few, large.

In neither of these original descriptions is there any mention

of radial striae or ribs. With regard to L. aurita, judging'from

a fine series of specimens in the National Museum collection, it

is clear that there has been either great latitude in the identi-

fication of specimens ranging from the Middle Oligocene to

Pliocene, or on the other hand, several species have been con-

fused under the one name. For instance, specimens of L. aurita

(ex. Krantz coll.) from the Middle Oligocene of Flonheim,

Rhenish Hesse, are orbicular to ovate-oblique shells. They are

moderately deep, with the surface concentrically ridged, the

flats of the ridges being radially striate. The inner margin is

flat, but crenulate on the inner edge. Again, examples from

the White Crag (Lower Pliocene) of Orford, Suffolk, England,

1 "Area aurita," Brocchi. Coiichioloifia Fosssile Subapemiiiiae, 1814, p. 48.'5, pi. xi.,'

fig. 0.

2 III some speciineiis of L. inxolita, lietweeii the hrephic and iieanic stayes the shell

underjjoes a change in outline from a broad, semicircular to a decidedly oblique form.

This imparts a subtrisfotial asjiect to the earlier h.alf of a full-grown shell, but not to such
j

a degree as in Brocchi's type of L. aurita.
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are somewhat similar in shape to the preceding, but are smaller,

and rounder in outline. The shell is a,lso radially striate,

as in the European Oligocene specimens. In these Plio-

cene specimens the inner margin of the shell is smooth, in

this feature differing from the older, Oligocene, examples men-

tioned above. In this minor character it agrees with the

Southern Hemisphere type of shell.

It is probable, judging from the above comparisons, that both

Broochi's and Sowerby's specimens were somewhat worn, since

typical shells of both species from type localities shoAv the radial

striae. Taking the evidence as a whole, there is good ground

for regarding the Northern and Southern types as distinct

;

L. aurita being a rounder form, with simple striae or radial

punctae, on the concentric rugae.

The Identity of the Southern Forms of the " avrita " ti/pe

with L. insolita.—The most important distinctive feature be-

tween the Northern and Southern forms of the " aurita " type

of Limopsis is the nature of the radial striae. As seen in the

Victorian (Spring Creek) specimens, and also verified in the

New Zealand (Oamaru) shells, this radial striation is complex,

the sides of the pits producing a secondary and divergent series.

McCoy' refers to it as follows:—
" Well-preserved si^ecimens show under the lens close, obtuse,

radiating striae, about twice their thickness apart on the flat

portion of the concentric laminae, each seeming to widen and

dichotomise towards the edge, which it does not pass (about 10 in 1

line at 3 lines from the V)eak)." By reference to Plate LXXXV.,
Fig. 11, it will be at once seen that this divergent striation is due

to the efiect of the pitted ornament. This peculiar character of

the pitting is not seen in the European shell, L. aurita, which

has simple striae equally s])aced with the concentric rugae,

and consequently imparting a tesselated appearance to the shell-

surface.

The Victorian, South Australian, Tasmanian, New Zealand,

and Patagonian specimens of this type, tested by the above and

the other characters mentioned, are thus seen to belong to

L. insolita. The originally described examples came from the

1. Loc. supra cit., \i. 23.
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Santa Cruz beds of Patagonia. To settle any disputed points

as to the relationship of our Victorian (Janjukian) species, the

writer has been helped by the kindness of Mr. Chas. Hedley, the

Assistant Curator of the Australian Museum, who has presented

to the National Museum collection a typical example of the shell

from the same series whence the original type was obtained.

Sowerby, in his description of Z. insolita says,l it is " smooth

on the outside, and destitute of radiating ridges." The Santa

Cruz specimen to which I have referred shows, however, that

the shell is relieved by concentric lines of growth, and these are

crossed by faint, but undoubted incised radii, which are more

pronounced on the edges of the growth-lines ; and on one part,

on the posterior angle, the p.seudo-divergent character of the

striae is visible.

The New Zealand specimens, of which we also have examples

in the Museum collection, bear the same characters as stated above.

Zittel's specimen seems to have been a particularly smooth one,

as, in describing this shell in his " Fossile Mollusken and Echino-

dermen aus Neu Seeland,"''^ he says:
—"Die Aussenseite tragt

keine Radialstreifen oder Rippen, ist fast glatt und nur mit einer

schwachen concentrischen Zuwachstreifung bedeckt."'

To give some idea of the prevailing confusion in regard to the

identity of specimens of this genus by later authors, we may

mention that Prof. Tate quotes McCoy's determination of L,

aurita for the specimens from Mornington, and his own, from

Muddy Creek (at neither of which places, by the way, does it

occur) ; Bird Rock (McCoy) and Table Cape, Tasmania

(K. M. Johnston). Further, under L. insolita in the same work,

Tate correctly gives the localities of Aldinga Bay, Ade-

laide Bore, New Zealand and Patagonia. Another author,

G. F. Harris refers specimens from S. Australia and New Zealand

to L. insolita^; whilst on p. 346 of the same work he records

L. aurita as from the Miocene of Awamoa, NeAV Zealand, a

typical locality for /v. insolita. With reference to the latter

species he remarks—" There appears to be no conchological

difference between the European and Australasian examples of

1 Loo. cit., 2nd ed., p. 608.

2 Reise der " Novara." Geol. Theil., vol. i., At)th. ii., 1SU4, p. 48.

3 Cat. Tert. Moll., Brit. .Mus., pt. i., Australasia, 1S!)7, p. 344.
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this vaiiable si>eL'ies. Typically the shell is not so oblique as

/-. ht^Jrlttri ; radial lineations are barely perceptible (or absent)

in many individuals."

Distrihution.—In Messrs. Dennant and Kitson's List of Vic-

torian, S. Australian and Tasmanian Fossils previously referred

to, the records under L. aurita Brocchi 1 are Glen Aire, Shel-

ford, Corio Bay, Table Cape and Beaumaris ; and in a foot-

note (loc. cit. p. 122) the species is stated to be " probably a

synonym of L. morningtonen-sis." In the Dennant collection

that author has referred examples from these localities to the

latter species. In the present author's opinion, from an

examination of those shells, they are referable to L. insolita,

with the exception of those recorded from Beaumaris, which are

typical L. heauiyiariensix, and from Shelford, where they appear

to belong to L. maccoyi.

Balcombian.—Corio Bay.

Janjukian.—Aldinga : Lake Alexandrina ; Ninety Mile Desert

;

Table Cape ; Spring Creek (Torquay) ; Brown's Creek ; Glen

Aire : Cape Otway ; Hamilton Creek ; Aire Coast ; Birregurra
;

Maude.

STXOPrsIS OF DISTRIBUTION.

L. morningtonensis, Pritchard

L. maccoyi, sp. nov.

L, multiradiata, Tate -

L. heamnariensis, sp. nov.

L. insolita, G. Sowerby, sp.

- Balcombian. Moderately common

;

typical.

- Balcombian. Common ; typical.

Janjukian. Rare.

Kalimnan. Moderately rare
;
passing

into L. tenisoni (living).

- A very restricted modification of

L. maccoyi ; confined, so far as

known, to tlie Lower Aldingan

series (Janjukian).

- Barwonian (probably Janjukian). Not

common.

Kalimnan. Typical and common.
Apparently an intermediate link

between L. maccoyi and L. insolita.

Balcombian (liigli in series).

Janjukian. Throughout the series and

typical. No characteristic specimens

seem to occur in the Kalimnan series.
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Remarks ox the Phylogenetic Relatioxships of the Australian

Species of Limopsis.

L. canrellnta, Reeve, 1 from Queensland, has a surface-ornament

approachin2: that of L. heaumarieusis. but in outline the shell is

equilateral as in (Jli/rimeris, instead of subtrigonal.

L. tenisoni, var. penelevis, Yerco,2 is evidently a descendant

of L. morningtonensis, Pritch., but with a larger and heavier

shell.

The young shells of L. tenisoni are closely comparable with

the young (neanic stage) of L. maccoyi ; the distinctive

characters not predominating until the brephic stage.

L. vljcornata, Yerco,^ is of the L. morningtonensis type of

surface ornament, but its shell is more equilateral and depressed.

L. eucosmus, Verco,'' appears to have descended from L. in-

solita, with which it agrees in the contused ornament, with

pseudo-divergent striae. Tliis character, by the way, is not

ver}^ distinctly shown in the original figure. Its outline is sub-

orbicular, as distinct from the sub-trigonal to oblique shell of

L. insolita. We thus have in the past and present Australian

fauna the following types as distinguished by their surface

ornament:—
Ornament.

Pectinate

Fimbriate

Malleate

Cancellate

Latestriate

Fossil.

L. morningtonensis

L. maccoyi

L. insolita

L. heaumariensis (also L. aurita,

Brocchi, sp. of European tyjies)

Recent.

L. teniso7ii, var. penelevis

L. vixornata.

Young of L. tenisoni.

L. eucosmos.

L. cancellata.

L. tenisoni.

In concluding these notes I would express my sincere thanks

to Mr. C. J. Gabriel for invaluable aid in regard to typical recent

specimens.

1 Pect anculua eancellataK, Reeve, Proc. Zool. Soc. Lond., 1843, p. 188.

Icon., 1843, pi. vii., fig. 39.

2 Trans. Roy. Soc. S. Aust., vol. xxxi., 1907, p. 218, pi. xxvii., fig. 5.

3 Ibid., p. 219, pi. xxvii., fig. 1.

4 Ibid., p. 219, pi. xxvii., fig. 2.

Id., Conch.



Species of Lhnopsis\ 431

EXPLANATION OF PLATES LXXXIIL^LXXXV.

Plate LXXXIIL
Fig. L

—

LuNops/x iiifirningtonensis, Pritchard. A group of

three shells, showing interior of left valve and exterior

of left and right valves. Balcombian Series ; Fyans-

ford. (Dennant coll. Nat. Mas.)

Fig. 2.

—

L. ninrroi/i, sp. nov. ( = L. belrheri, McCoy, non Adams
and Reeve). A group of shells showing interior of

left valve, and exterior of two other left valves. Bal-

combian Series ; Grice's Creek, Port Phillip (Coll. of

Geol. Surv. Vict, in Nat. Mus.)

Fig. 3.

—

L. tenisoni, T. Woods. Interior of left, and exterior

of right valves. Living ; dredged from Western Port

Bay. (Coll. C. J. Gabriel.)

About natural size.

Plate LXXXIV.

Fig. 4.

—

L. muUii-adiata, Tate. Exterior of right valve. Jan-

jukian Series ; Aldinga. (Dennant coll. Nat. Mus.)

Fig. 5.

—

L. insolita, Sowerby sp. The three upper figures, in-

terior of left valve and exterior of right and left

valves, are from the Janjukian Series of Bird Rock,

near Torquay (Geol. Surv. Vict. Coll. in Nat. Mus.).

The lower figure is a left valve in the gerontic stage,

from the same series at Aldinga, S. Australia (Dennant

coll. in Nat. Mus.).

Fig. 6.

—

L. heaumariensis, sp. nov. { = L. cf. forsl-ali, Tate non

Adams). Interior of right valve in gerontic stage and

exterior of two left valves in gerontic and ephebic

stages. Kalimnan Series ; Beaumaris Cliffs. (Coll. of

Geol. Surv. Vict, in Nat. Mus.).

About natural size.

Plate LXXXV.

Fig. 7.

—

L. morningtouensis, Pritchard. Surface ornament

taken at 4 mm. below umbo. The shell is probably

between the ephebic and gerontic stages. Balcombian

Series : Fyansford (Dennant coll.).
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Fig. 8.

—

L. maccoyi, sp. nov. Surface ornament from 15 mm.
below umbo. Shell in the ephebic stage. Balcombian

Series ; Grice's Creek. (G.S.V. coll.)

Fig. 9.

—

L. tenisoni, T. Woods. Surface ornament from an-

terior slope of valve in the ephebic stage. Li^'ing

;

dredged off S. Australia. (C. J. Gabriel coll.)

Fig. 10.

—

L. multiradiata. Tate. External surface ornament.

Janjukian Series ; Aldinga, S. Australia. (Dennant

coll.)

Fig. 11.

—

L. insoUta, Sow. sp. External surface ornament from

middle of a right valve in the ephebic stage. Jan-

jukian Series ; Bird Rock Cliffs, Torquay (G.S.V. coll.)

Fig. 12.

—

L. heaumariensis, sp. nov. Surface ornament from

middle of valve in the ephebic stage. Kalinman series

;

Beaumaris Cliffs, Port Phillip. (G.S.V. coll.)

All figures magnified 9 diameters.

i
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F.(J. IMioto.

Limopsis morningtonensis, L. maccoyi and L. tenisoni.

(About imt. aiiii).





Proc. R.S. Victoria, 1910. Plate LXXXIV

F.C. I'hoto.

Limopsis multiradiata, L. insolita, and L. beaumariensis.
(About uat. sizej.





Proc. R.S. Victoria, l<)l(i. Plate r>XXXV.

«
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F.C. iul iiat. il, 1.

External surface-ornament of Fossil and Recent
Australian Species of Limopsis. x iJ.





[Proc. Roy. Soc. Victoria. 23 (N.S.), Pt. II., 1911.]

Akt. XXXIV.

—

The Aborigines of Lake Boga, Victoria.

By a. C. stone.

[Read December, 1910.]

(Communicated by Professor W. Baldwin Spencer).

The following pages contain matters relating to the manners

and customs of the above interesting tribe gathered by me
during a residence of over eighteen years.

When I took up my i-esidence at Lake Boga, no mallee had

either been cut or rolled down, and the Murray fiats were but

very sparsely occupied, but I was immediately struck with the

local evidences of a one-time large population of aboriginals,

and I determined as far as it lay in my power to collect all the

information I could first hand, as I was, unfortunately, forced

to the conclusion that if it was not done then it would be

impossible later on, in consequence of the ravages of the fell

destroyer. At that period there were very few full bloods in

the district. The last full-blood of the Lake Boga tribe was

Hamilton Orr (" Nyarramin "—Worker in pine resin), the son

of Booratchwornin (I won't listen to you), who was the son of

Laremburnin (Pectoral Rail), the last real headman or chief,

nho died about 1830-40. He lies buried in the north-west

bank of Lake Boga, and I have, fortunately, obtained what I

believe to be his flint tomahawk, which was found buried with

him. The last wizard or doctor (Barngnull) was named

Cowanderning (creeping), and I have some of his charms, or

magic stones of office. Hamilton Orr (Nyarramin) was, unfor-

tunately, drowned in the lake owing to his boat being capsized

by a sudden squall on March 7th, LS96. His body now lies

at rest in the Lake Boga Cemetery. The expenses of his

funeral were met by volvmtary contributions, and I had the

melancholy satisfaction of uttering his funeral oration.

The Lake Boga tribe was known as the " Gourrmjanyuk "

(along edge of trees), a distinct section of the " Gnarryboluk "

nation, which included several Mallee sections or tribes, and

spoke a dialect called Wamba (No). The chief camping-ground

of the Gourrmjanyuk tribe was around Boga township
14
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(Muymer), and the various lake banks near by, and on to the

banks of the Little Murray (Barne Mille). This camping

ground was originally occupied by a tribe called Buck (Cat-

fish), Language " Burapace," which had become extinct so long

ago as to hav^ left no trace except the tradition.

In this district there are hundreds of their cooking ovens

or middens, some of them of very large extent, and contain-

ing hundreds of yards of burnt earth and ashes, and freely

mixed with it are the remains of mussel shells and bones, with

a very occasional chisel, tomahawk or grinding stone ; and in

rare instances an aboriginal skeleton has been found when

these ovens have been ploughed over or removed, but I do not

think that the practice of burying a deceased member of the

tribe in an oven was often resorted to.

It is a thousand pities that these interesting and child-like

people have had to go down and out ; but thei-e was no help

for it—'the vices and ways of living of the white man too easily

corrupted the simple natures of the native inhabitants of the

soil, and the result will be that in a very few years there will

be no full-blooded Victorian aboriginal livino-. The law

of " the survival of the fittest
'' has been ruthlessly obeyed in

their case. It is not an easy task to get behind the aboriginal

mind and to gain his entire confidence ; he has an inveterate

hatred of being laughed at, and is very susiDicious of one's

interest, but having gained his confidence it becomes surpris-

ing to find the vast knowledge possessed of the flora and fauna

of his surroundings, and the tales and sometimes weird tradi-

tions of his tribe.

I have always met with courtesy and gentleness from these

poor maligned folk, and have not the slightest hesitation in

saying that any " native outrage ' has always owed its origin

in the misdeeds of the invaders. One white man may have had

to suffer for another's fault, but the white man has always

been at fault in the first place.
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Desigiuition of Tribes iii Lake Boya tribal language (Waiiiba),

including (inarryboluk.

Boga Tribe

Warracknabeal Tribe

Avoca Tribe

Towanninny Tribe

Albacutchya Tribe

Reedy Lake Tribe

Wimmera Tribe

Horsham (Mt. Albert)

Tribe

Swan Hill Tyntyuder

Tribe

Mellool Tribe

Dimboola (Hindmarsh)

Tribe

Gonn Tribe

Euston Tribe

Bael Bael Tribe

Hindmarsh Tribe

Gunbower Tribe

Gourrmjanyuk (alongside edge of trees), orig-

inally Buck (Catfish tribe). Language

Burapace.

Yarrambeyook.

Yang or Lunyingbirrwurrkgooditcli

Mallenjerrick (Mallee people).

Gnallbagootchyourl.

Moorta moorta.

Jarrung jarrung.

Dallundeer.

Dacournditch (Biirrea dialect).

Geroung bukeer (Always in fight).

Cockleboeyill ?

Deitchen Balhik (Always shifting).

Jungeegatchera.

Bael baelurnditch.

Gourballuk.

Gunbowerooranditch goole.

Lake Boga
Lake Boga district

Lake Baker

Lake Mannoar
Lake Charm
Lake Hindmarsh
Lake Albacutya

Long Lake

Round Lake
Dry Lake

Kangaroo Lake (Murderin;

Reedy Lake
Lake Tutchewop
Bwau Hill

Tyntynder

Boga Railway Station

Boga, Cornish's hill (road)

Boga, Cornish's hill (bank

Boga, Lake entrance

Boga, Davie's swamp

Localities.

Muymer.
Gourrm (breast of woman).

Boomberdill.

Mynyungworl.

Teharm
Gourr (Balluk tribe).

Gnallbagootchya.

Towan.

Koonat koonat (lot of cotton weed)

Chalkull.

y Lake) Dinger.

Bingerumbert.

Goutchewop.

Marderucpert.

Gingingerrett.

Gourrk (Blood).

Cooangetch.

of lake) Nerrim nerrim (Steep bank).

Wherpook (Where butt of gum fell).

Geranyuk (When leaves and
branches fell).
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Boga, Stewart's

Boga, Peppers

Boga, 1st Hill to Swan Hill

Boga, Davie's hill

Boga, A. C. Stone's

Boga, Long Lake Hill

Boga, Fish Point

Pental Island

Murray
Murray, Little

>Goschen

Nyah
Lalbert

Mystic Park

Kerang
Charlton

Wycheproof
Vectis East

Avoca

Heaven
Hell

Tyrell Lake
Earth

Haye's land (M.C.)

Sharams (granite outcrop)

Richardson River

Tdunooldarwin nung boolutch

(Leaning trees).

Wharparr (Willow trees).

Wooranden-o-Ghenguunee.

Doornum (Deepest basin of lake).

Yendcheniile.

Newrungl.

Gerrt.

(Nyetnyetpert). (Homestead). Bu-

karook (between rivers).

Mille.

Barne.

Gallallaban (Major Mitchell cocka-

too's home).

Nyeer.

Queywebeeul (Dry timber).

Wallert.

Keranyuk.

Bain Barn.

Wycheboorp.

Yowembull.

Yang.

Derrell (Above).

Gandagalough (Down below)

Derrell.

Gar.

Darnoowongatch (Nyarramin's uncle

shot there).

Gorrouwongguetch (Grief).

Barnunung (Smouldering away).

Personalities.

Full-blood - Last recognised Boga Chief (about 70 years ago)

Laremburnini (Pectoral rail)

,,
- Last recognised Boga Chief's Son

Booratchworniin (I won't listen to you)

„ - Hamilton Orr, Grandson

Gnai-ramin (worker in pine resin)

„ - Last recognised doctor (90 years ago)

Cowanderning (creeping)

„ - Jacky Logan (Avoca)

Walpanumin (burning with fire)

„ - Mary Ann Orr, or Logan (Avoca)

Boolkjallegook (smooth-tongued)



Ahorljjlnes of Lake Boga. 437

Half-blood - Jackson Stewart (Hoira)

Wirremandei' (whistling of spears, etc.)

„ - Ivauhoe Stewart (Boga)

Jallerbaniaritgournditch (thickly timbered)

Half-blood - Rob Roy Stewart (Black Cockatoo) (Boga)

Barradapgoiirnditch

Fiill-blood - Harry Fenton (Warracknabeal)

Jonrett

„ - Charlie Napier (Warracknabeal)

„ - Archie Pepper (Pelican) (Abacutya)

Willeminger (the lost one) Millemnming

„ - Jacky Patchell (Reedy)

Bokoplatt

„ - Harry Fenton (Reedy)

Gippergournditch

„ - Tommy Fenton (Reedy)

„ - Charlie Cable (Gonn)

Watterhine

„ - Sandy Cameron (Mellool)

Margere

„ - Jack Irvine (Pelican) (S.A.)

„ - Last Chief (Wimmera)

Joujoumon

,,
- Last Chief (Horsham)

Gorrnndumin

„ - Last Chief (Euston)

Jooliap

„ - Last Chief ( Bael bael)

Joley

„ - Anthony (Carr's Plain)

White people Booleymer (Red face).

Etldtioiifthips.

family geithouwill bambonga.
child boohoop.

girl (14 to 16 years) gorrykurk.

girl (16 to 20 years) gunge gourrm gourrk.

woman leyurk.

wife mathoom.

wife, my mathoomy.

wife, his mathamook.
mother baap.

spinster mookurnditch.

aunt gnalluk.

widow gootchall donna gourek.



438 A. a Stone

motlier-in-law

daughter

sister (younger)

sister (older)

niece

grandmother

graudiiiother, great

boy (4. to 8 years)

boy (8 to 14 years)

boy (14 to 20 years)

son

nephew
man
father

father of dead son

husband

bachelor

widower

brother (older)

brother (younger)

uncle (mother's side)

uncle (father's side)

grandfather

grandfather, great

chief or headman (small local

tribe)

doctor or wizard

doctor, or wizard, if many to-

gether

message carrier

friend

enemy

devil

god (our father np above the sky)

good spirit

bad spirit

so Til

sleepy head

coward

liar

chief or headman (practically king

several local tribes)

dwarf

giant

gualling gourrk.

maangeeyp.

gootoowee.

tchagee.

gnoonaghuu.

meem.

barrim gourrk.

boyangoo.

koolkurn.

boolyworrl.

waathip.

ghenanitch.

woodshoo.

maam.
mooka jup.

gnunitch.

corrioibert.

gootchall doomough.

wawon.

coot.

charrambowie.

gnark.

barrim.

liarrimbee.

s, etc.

gnernick gnernick.

barngnull.

barn barngnull.

wyrkerr.

gethoulie.

yowerek.

gnatlia.

manning moonik.

dallcook boonganditch.

yathung boonganditch.

challewudchup.

coombybourrp.

barnbymum.
ma]3illawill.

niarruk marrung gnooruk.

wyngeudap.

yere goranduk.
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cold boondiming gneela.

headache luliali boiirpook.

dysentery jurtee jurtee.

sunstroke lalungen bourpook gnowie.

snakebite boondin gourinillo.

paralysed mulkilawill.

deformed mulkilen.

Siiryiral and Medirt/i Treatment.

In the case of a person being bitten by a venomous snake,

the only treatment consisted in a very vigorous pinching and

sucking of the bitten portion, which is believed to have always

had the desired effect, provided the treatment was immediately

put into practice.

The general treatment for wounds consisted in the applica-

tion of a plaster of wet red pipeclay, boiuid on with opossum

fur rope, and this rough and rude treatment met with general

success, perhaps owing in a great measure to the healthy out-

door life led by the aboriginal.

In the case of headache and toothache (which occurred very

occasionally), no treatment was applied, and the ailment natu-

rally passed off.

Blood-letting was sometimes practised, and was carried out

bv sawing an opossum fur cord backwards and forwards over

the spot from which blood was desired.

Of course in most ailments the doctor was the chief person

officiating, and managed to imbue the patient with his gi"eat

ability.

Most sicknesses were believed to be the result of evil

machinations of enemies, and no person died of any sickness

(old age excepted) that was not caused by enemies.

Steam Bath (" Burree " ).

When all other remedial measures for the cure of an obsti-

nate sickness had proved of no avail, the last resort was the

steam-bath
—

" Burree." This bath was prepared by making a

large fire, and after it had burnt out the ashes were raked

away, and a piece of bark was laid over the heated spot, a

thick layer of mistletoe bushes and leaves were heaped upon it,
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and then the patient was rolled in an opossum ru<i' and laid

upon the bushes. A profuse perspiration was generally in-

duced, which often had the effect of greatly improving the con-

dition of the patient.

The remedy quoted by Mr. P. Beveridge in his book on the

" Aborigines of Northern Victoria and Riverina,'" and written

in Latin, is substantially true of the '" Gourrmjanyuk," and

was absolutely believed in.

Wea2)ons.

all throwing spears jarruiii.

reed throwiiiof spears jarrk jarriim.

malice throwing spears, short bnkup jai'rnm.

mallee throwing spears, long, 9 ft. werrego jarriim.

quartz jag throwing spears

reed jag throwing spears

fish spear

stabbing spear, 1 barb

stabbing spear, 2 barb

stabbing spear, 3 barb

stabbing spear, 4 sets 3 barb,

throwing stick

spear shield

waddy shield

boomerang
boomerang, playing

strangling noose

waddy, large

waddy, yam stick

waddy, large three sided

waddy, mushroom headed

waddy, small

waddy, boomerang
waddy razor edge

waddy, spear point

waddy, four sided,

waddy, woman's (covered with por-

cupine quills, and poisoned)

woorawill jarrum.

ginhutditch jarrum.

mool.

queyun.

booletch kawle queyun.

booletch bar kiap queyun.

dillwill kawle queyun.

corrick.

gurrum.

mulkerr.

wan.

widthewill wan.

wooren.

gnunnee.

doolo gniumee.

weetch weetcli gnunnee.

ghen gunnee.

berpen.

leahwill.

bolliyarrung.

goolurt berpen.

gnatwill gnunnee.

(jjnillgullk.

Implements.

dental instrument

scraper

netting needle

waathun.

dang dan§

hurt hurt.
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chisel or knife

canoe

canoe paddle or stick, no prongs

yam stick

basket

net

poison bag (doctor's charm bag)

bone awl

loop on stick snare

tomahawk
fire sticks (saw)

fire sticks (drill)

fire tongs

grub extractor

leaping kangaroo

stone

quartz

message stick

nardoo mill

nardoo mill roller

tomahawk grinding stone

grinding stone (large)

grinding stone (small)

grinding stone (very small)

shell

bier

gravel

sharpening stone

mussel shell grinding stone

spear rubber

kidney fat extractor

3-prong paddle

artificial leech

gill net

seine or drag net (large)

seine or drag net (small)

net peg

waatun

youngo^ouitch.

marrung.

gerange gnunnee.

meechat.

jaal.

neil gnoonye.

gurrning.

gnoortim gnoortim.

derr.

wannup.

gielwurrk.

mattum.

nyannen.

weetch weetch.

laar.

baatch.

wortein calk.

jerinyuk cotthup.

boolpa jerinyuk laar.

wallanjuk.

gorraanduk.

woodtheuk.

yeretheuk.

lerrynook.

daitchim.

drik drik.

marrook marrook.

marrook marrook.

bert bert.

njnjing.

warrangourouug.

morrum.

jaal.

goullk.

gnellin gnellin.

gunneneuk.

Ornaments and Charms, etc.

nose ornament

nose distenders

ring

loin covering

necklace (kangaroo teeth)

necklace (cane grass)

gnaalich.

gnilliger.

wanman willa will.

widthji gnooraitch.

leangye gorej'.

gallil gualich gorrun.
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necklace (crayfish claw)

headdress

headdress (possum fur)

doctor's charm or poison bag

rain bringer charm
poison or evil charm
danger charm
marriage charm

keep away evil spirit's charm

possum rvig (large)

possum rug (small)

poison sticks

curlew stone

opossum skin drum
time sticks

opossum fur arm rings

ankle bushes

oath stone or charm
doctor's corrick or wand
opossum string for drawing blood

necklace (crayfish attenae)

mannunyeuk.

gippook.

murrum.
neil gnoonye.

boonyenge murndar.

yauthung ja. kiitch kutch.

kutch kutch.

wooien laar.

jarrung jarrung.

wallun.

gnatook.

neil gniinnee.

moorpen whillo.

bilp.

berracourt.

niorrum.

gcrra.

yere laar.

barngnull nyenying.

niorrum.

nunga carkuk langungnook.

Matt- rials.

water carttliin.

food bannim.

bark meetchuk.

bark, thin larcurt.

smoke boort.

mud beek.

ashes burrie.

land corruk.

salt jingewah.

gypsum, white calkee punyell.

gum, red gourcootcli.

pipeclay, red challowill beek.

pipeclay, white durrawill beek.

gum, myall llil.

gum, pine, new (fuller's earth) genumarrung.

gum, pine, old (spear gum) beetchurring.

gum, dogwood (sugar) cutlewaran.

nardoo seefl jerinyuk.

egg merrk.

beetle deposit on shoots (manna) lerp.

string bartitch.

kangaroo sinew ginnert.
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fire wood

tomahawk stone (greenstone)

red raddle

crayfish antennae

lertwill.

worrwawill cootthiip.

neiiro nenro.

lanyeuk-

Plants.

rushes



Ahorlghies of Lake Boga. 445

pigfaoe, little

ming

dillon

fruit or seed

rush root (old) (after water has

gone)

rush root (old) (after cooked)

rush root (old) (after fibre)

wire rusl.es (growing rouna lakes)

nettle

bulrush

bulrush (deep green slimy water

gcrrpen.

cootha (root and bark used as a

drink—stupefying),

dillunge.

jerinyuk.

wangull.

boortitch (used as food), see food.

jeerk.

boonjurt (used in the making of

string).

durkey jallum.

woorpert.

weed)
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Fish and EepfiJes.

fish, flesh or enemy

mussel swamp

cod, Murray
perch, Murray, 2 lb. to 3 lb.

lobster, Murray
crayfish, large

crayfish, small

crayfish, soft

leech, large

leech, small

turtle

turtle, large

snake, worm
snake, two hooded t'urina

snake, tiger

snake, brown

snake, carpet (6 ft.)

snake, carpet (10 ft.)

snake, black

snake, hoop

snake, mallee

snake, deaf adder

worm
goanna, large

goanna, small

frill neck

lizard, small

lizard, exuding

lizard, sleeping

turtle, broad shell

catfish

frog, small

frog, large

frog, tree

cod, murray (up to 1 lb.")

mussel, river (not eaten much)

cod, murray (very large)

trout, murray
perch, murray (large)

bream, murray
herrings, murray
blackfish

yowerr.

beitthin.

byangill.

wcrringill.

liplipkill.

yappitch.

nartung.

wallun.

billitch.

nianu.

geehip or doomermum.
warangwor.

gnakungina.

matliamewa.

goornmill.

ghallun.

beengull.

murndi.

boycliunwill.

dickomur.

moerwill.

llerk.

jourobillitch.

ghooling.

waattha.

ghann.

tarramunder.

beepuntha.

gal leer.

billwill larygnet.

buck.

nunuk.

dook.

merregur.

byangill byangill.

nungerr.

gooroomeruck.

gnoomell.

gerrek.

bipuug.

guatty morrun.

wooloormick.
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Birds.

swan

pelican

duck, black

duck, wood

duck, blue wing

duck, teal

duck, white eyed

duck, widgeon

duck, musk
duck, mountain

duck, speckled

coot, Australian

coot, bald

grebe, crested

grebe, hoary-headed

spoonbill, yellow-billed

spoonbill, black

cormorant, large

cormorant, little black

cormorant, little black and

darter

dottrel, black-fronted

goose, magpie

gull, silver

tern, marsh

ibis, black

ibis, white

black-tailed native hen

stone plover

plover, spur-wing

plover, black-breasted

stilt, banded
native companion

tui'key

quail, little

magpie lark

white-winged chough
lyre bird

heron, white-fronted

heron, white-necked

fieron, nankeen

heron, white

bittern

little crake

coonnoar.

nynungonrk.

nyree.

nannuck.

weetchut.

binnar.

garrut.

gewallert.

goolwil.

gnarcoondull.

gnall gnall.

tdaich.

beenbing.

gorrwong.

gorrower.

toop toop.

naangourelle.

murtmurrel.

wallawalluk.

white boourp.

gercarthin.

bert bert nalluk.

gnak.

barpethen.

garwit.

gnargourelle.

cukcuk.

dallip.

will.

barretch barretch.

munyuragurk.

kercumbul.

gootthun.

gnarrow.

bourongi ; stubble quail, geichallert.

gerrin gerrin.

mounyougell.

boolern boolern.

carthinbung.

waan.

yapulyapitch.

cathupbee munundcrra.

coweer.

tillip.
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pectoral rail

osprey

wedge-tailed eagle

crow

reed warbler

brown hawk
harrier

sparrow hawk
kestrel

cockatoo, pink (Major Mitchell)

cockatoo, sulplmr crest (white)

cockatoo, black

cockatoo, rose-breasted (galah)

cockatoo, long-billed (corella)

parrakeet, black-tailed (smoker

rock-pebbler).

parrakeet, rosella

parrakeet, shell (warbling grass)

parrakeet, red-backed

parrakeet, yellow-vented (suloak)

jDarrakeet, mallee (ring-neck)

parrakeet, cockatoo

emu
mallee hen

magiaie. black-backed

brown kingfisher (hiucrhin<j' jackass)

black and white fantail

butcher bird

welcome swallow

brown tree creeper

swift

red-capped robin

friar bird

noisy minah
blue wren

brown song lark

bee eater

boobook owl

frogmouth

powerful owl

owlet nightjar

bronzewiug pigeon

crested pigeon

bell bird

harmonious shrike thrush

lerrup.

gamerillock.

nurrayil.

waa.

garcoon garcoon.

gercook.

birr.

yanuring.

karra karrak.

kathukcurr.

geenup.

weerun.

willick willick.

gallalic.

gooren gooren.

gourk kallee.

tootther.

gechurt.

billingurry.

lumm.

wourep.

goweer.

lowan.

coorook.

gorruni gorrum.

jerry kerrick.

garndoli.

weetch weetch murrunibool.

been been.

marder.

jallegourk gourk.

churrup churrup carthi.

brindeng.

yeerelell.

gilpen gilpen.

berrembert.

wook wook.

genykenitch.

werrymuU.
yerradedgourk.

dapt.

nungoore.

doon.

geiwoorn.
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last moou

pair

far

munya niitlireu weekeu (last moon
dead),

wambargiuin.

ginbill.

warritcli.

Topograph ical featu res.

lake

crabliole

spring or native well

river

creek

track *

hill, also head

mountain

mountain, large

large camp
small camp
native midden or oven

cemetery or burying ground or

graves

grave

whole country

chakill.

taart.

berm.

gorange birr.

woodthae birr.

baaring.

bourjjook.

booinyule.

cowwa.

gorrunglur.

parnoolar.

lukull.

jemin jemin.

jemin jemin.

meekniigarcombonbarcon.

doomoan.

Colours.

striped
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winter

north

sou til

east

west

weit.

barrcwill (where tlie hot winds

come from).

boiccaUing darn (where the frost

winds come from),

worwalling gnowie (wliere sun

rises),

purticalling gnowie (where sun

sets).

fog
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Prepositions and
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^ oorroberee "
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to slip

to speak

to smoke

to shout

to smell

to sneeze

to sing

to sting

to strike

to scream

to smash

to make

to open

to tie

to try-

to taste

to walk

to wind

to warm

to whistle

to blow

to burn

to bite

to break

to bleed

to crawl

to cry

to cut

to climb

to cure

to oough

to die

to dig

to eat

to fight

to float

to fly

to grind

to hunt

to haner

eureme.

wirrika.

boort.

corndee.

gnarropa.

chinangda.

warraiigfa.

birka.

gilpa or docka.

karker.

jallung jallung

noonga.

mongen.

bakoonga.

gannuk.

baathama.

barthamuk.

kalpurren.

mooremba.

darrama or boor-

kia.

weita.

boorungoouck.

dappok.

booiida.

callpiah.

birngooning gour-

cook.

cowerndee.

neumillee.

berringen.

weerwa.

dalkoona.

ganyunga.

weekin.

bunga.

juuga or chakalee.

dockcharrung.

jippa.

boika.

birta.

barrayeah.

joolakar.

slipping

speaking

smoking

shouting

smelling

sneezing

singing

stinging

striking

screaming

smashing

making

opening

( tying

trying

tasting

walking

winding

warming

whistling

blowing

burning

biting

breaking

bleeding

crawling

crying

cutting

climbing

curing

coughing

dying

digging

eating

lighting

floating

flying

grinding

hunting

hanging

eurema.

wirrakin.

boortalung.

cornder.

gnarropelung.

chinungdelung.

warrangelung (it

many singing

add utcli).

birkoowa.

gilpoowa.

karkeria.

jallung jallung

gnoowa.

mongellung.

bakoongelung.

ghanna.

baathamoouk.

barthamelung.

yannugh.

moorema.

darranielung.

weitra.

boorungen.

dappeluug.

boondalung.

callpinah.

birnin gourcoom

cowernda.

neumillung.

berringehmg

werrawee.

dalkoongoowa.

ganyuugoowa.

weeka.

bungelung.

chakalung.

gilpjarrungutch.

jippouen.

boikawill.

gourrapa.

barrayeuh.

joolekoowar.
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fast

high

low

light

dark

lame

small

small, very

large

stupid

rough

tired (I feel)

fresh (I feel)

blind

deaf

dumb
delicate

married

bloody

empty

old

old, very

young

quick

steep

stronij

stinking

silent

soft

lazy

silly
,

mad

boonwill or meelakwill.

kerrcutha.

goonagull.

wyma.
borun.

jowa.

widtheyook (smaller) bangook.

yerewidtheyook.

goorandook ; larger, gooraudookly

;

largest, add yere.

wani.

boourk.

meekun.

gippun.

gorrun gorrun.

catchin nundagnauillung or wam-

wum.
catchim wooraka,

marrun marrun.

woorenutch.

gooui'kcoomba.

larnookum kinjawook.

nyarambin.

yering nyarambin.

gollcourn.

warrcuk (for very quick repeat)

neerinull.

wongei'will.

boovvong.

goorungiah.

boolk.

meekunda.

mukelen.

yathungeah bourpook (head gone

wrong),

bukieh book.

Sentences.

he will run

let her walk

how ai'e you

good-bye or good-day

you hurt me
he struck me
they found these

nunya wooring.

ganerook nunya yannup.

wunyardall kinja.

booyen.

catchil loongerring.

dakinarnding.

mallogoole jarmin kinye.
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I like you very much (ucarest

love)

I hate you

he, she, or those loves you, him,

they

he hates you

come with me
go with him

go with them

you can go

do not go

I am going

I will stay

let him stay

can I go fishing

let me go hunting

the bird fled away
the bird is flying

the codfish is swimming away
can you cook this flesh

cook that flesh

eat this, that or those mussels

I cannot fly

you do it yourself

good luck

to

nyanga nunya leyurk wooithoo

pourek.

gooley joowannoo.

I'

nunj'^aboola nyacharrung.

neula gooley joowan.

neuka yannuk wallo gallek

yannuk wallo gallook.

moyu yannuk goolekal.

wallungen yannuk.

wamba yannuk.

yangin yunda.

nyangin yunda.

canerook nyanyup.

win janda yarrowa yeringe leeah.

yarrawonda barrayeuh.

boykin yerelil.

nionga boykun yerelill.

baarnjill neeyon werrakuu.

nyapera kiuya bowa yower.

boytch amuck nunya yower.

chakuk nunya beethin.

catchin nunda booika.

wallimkcn mathamuk.
mombunda bemmeleng.

Marriage.

The " Gourrmjanyuk " of Lake Boga tribal preparation for

and ceremony of marriage was a very simple one. No marriage

was allowed between blood relations, or between any member
belonging to the same totem. For instance a Pelican would

not be allowed to marry a Pelican, or a Black Cockatoo another

of the same section, and so on. E\'ery member of a tribe be-

longed to a totem, generally a bird. When a man of mar-

riageable age desired marriage and had a female relative to

exchange, word was sent to a neighbouring tribe that a daugh-

ter of that tribe was desired in marriage. The father of a

marriageable girl (the future son-in-law was never allowed to

see the future mother-in-law then or at any other time) with

his daughter, and other relatives would meet the young man
with his father and other relatives at a previously arranged
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spot. The future wife would then (in exchange for some other

female) be handed over to her future husband, and the two

parties would sejjarate. each going to their respective camps.

Upon reaching the husband's camp a spot would be pointed

out to the newly-married couple uyon which the wife would

erect the home, " Lerr," for the near future.

Should the wife not come up to the requirements of the

husband he had the peculiar privilege of returning her to her

peojjle.

If a good hunter recjuired a second wife, it was within his

privileges to obtain another, provided he could keep her, and

that he had a female relative to exchange. The position of

the wife was a very lowly one. She had to build the hut,

catch tish, cook food, make nets for hunting and fishing, sew

opossum rugs and other multifarious duties. She was married

early, and became old and ugly long before her time owing to

the hard life she w^as forced to live.

Burial.

Upon the death of a member of the " Gourrmjanyuk " tribe,

a shallow grave would be dug, generally in a sandy spot, to a

depth of about two or three feet. The bottom of the excava-

tion would then be strewn with grass thickly, and covered

with a sheet of bark ; then the body was wrapped in a rug and

laid on the bark, upon its back, with the head generally in the

direction of the setting sun. It was then covered with grass,

and finished with a sheet of bark, and then the grave was filled

in. In many cases the tomahawk and grinding stones of the

deceased were placed at his side, and buried with him, and I

have particularly noticed in the Boga district that the stones

buried with the body are invariably chipped or broken right

through. Although the above form of burial was generally

the rule, I have this day (August 3rd, 1910), examined a burial

ground near Lake Boga, the slope of the hill facing S.W., and

on this slope, in sandy soil, are buried perhaps a score or more

of aboriginals ; the bodies of more than a dozen seen were

buried in many positions. One lay full length upon its face,

with the head to the S.W., at a depth of two feet. The body



Ah<>ri(jh)es of Lakf li<><i<(. 459

would have been about 5 ft. 9 in. At its side was lying a

broken tomahawk. Another body lay on its side, with legs

drawn up. Another la}' in a sitting posture, with the head

perfectly upright. Tlie heads lay in directions varying from

E. round 8. to W., and I particularly noticed that in every

skulk whether a young person or a weather-beaten old veteran

with the teeth worn down to stumps, that in every skull the

teeth were all intact and absolutely round. Alongside one of

the skeletons a broken piece of what was originally a magnifi-

cent specimen of a rubbing or pounding stone was found, a

piece of flat, I'ound, smooth bufl: sandstone, measuring 4i in.

by 8 in.

It is believed that these natives were killed by Major

Mitchell's expeditionary force, which may or may not be true.

Perhaps small-pox.

Fire-making by tJie Use of Sticks (" Wannup ").

The method of making fire was a simple but most effective

one : for the pui-pose two pieces of dry pine or other wood were

obtained about IS inches long. On the bottom piece a slight

depi'ession was cut in the form of a cross, the cut following

the grain of the wood being deepest. The other stick was

brought to an edge along most of its length. It was then

placed in the cut across the breadth of the under stick, and

very rapidly pushed back and forth as though sawing, which

speedily produced charred dust, smoke, and then smouldering

dust in the longitudinal cut. which was covered with dry

l)ark or grass, and blown into a flame. Fire was made in

other districts similar to drilling.

Barfe?' or E rcJio luje.

The various districts of Victoria producing various materials

only found in its special district. It might be thought that

other districts would be unable to obtain their requirements,

but this was overcome by a system of exchange, as each tribe

was forced to keep within its own prescribed boundaries.

For instance, the Boga tribe had no difficulty in obtaining

any quantity of reeds ("Jarruts"). used for making reed
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spears (" Charram "'), which were exchanged for grinding and

tomahawk stones or other raw material, which could not be

found in the district, and which was necessary for hunting or

decoration. In the Boga district large quantities of small

pieces of quartz (" Baatch ") are to be found, which were no

doubt Ijrought a very long way, and exchanged from tribe to

tribe. These pieces of quai'tz were used to tip spears, and to

form the jags, for knives and scrapers to scrape and carve

wood, rugs, etc. Small pieces have been found with gold in

them. The sources were possibly St. Arnaud, Bendigo and

Raywood.

Canoes, and Their Use and Manufacture.

The district surrounding Lage Boga is peculiarly adapted

to the use of canoes, in consequence of the numerous lakes

in the locality, and the Little and big Murray Rivers. The

Gourrmjayuk were adepts in the arts of fishing, and used

nets of various patterns to effect their purpose, and of course

canoes came in for the purpose of running the nets, and

approaching fish-spearing grounds, also in the pursuit of native

game on both land and water.

The canoe was made of one sheet of generally red gum bark,

stripped from the tree by the aid of the native tomahawk and

wedges. Two logs were then laid on the ground parallel and

at a distance of a foot or two ; two more logs were then laid

across them parallel, and at the required distance ; the sheet

of bark was laid upon the logs, and a fire of paper-bark and

grass was placed on the bark, for the purpose of curling up the

sides and ends, and also to toughen the canoe for its future

hard work ; heavy stones were placed where required to help

shape the canoe. This process w^as continued for perhaps a

week, or luitil such times that the canoe conformed to the

desires of the builder. The last process was the plastering of

the whole of the inside of the canoe with clay or mud to render

the whole waterjiroof. No seat was used, and the means of pro-

pulsion was either a flattened stick or the three-pronged

paddle, which was also used for the purpose of locating fish.

The canoes varied in length from 5 ft. to 10 ft. and over,

and carried from one to four men.
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]j(i/,-t Boya Ahoriginal Lec/end to Arrount for the Treeless

.State of Lake Boga, and the Mournful Wail of

the Stone Plover.

At one time, long years ago. there was a very large redgum

tree growing in the lake, and its branches supported a tremen-

dously large nest, the property of an imniensely large pair of

wedge-tailed eagles ("' JSurrayil '"). One tine day a young-

mother wandered, carrying her baby, a long way round the

lake, and far from the camp, when, feeling tired, she sat down

and amusedly watched her baby playing in the warm sand,

when suddenly, and without warning, the larger of the two

eagles swooped down and, seizing the baby, carried it away

over the water to its eyrie in the red gum tree. The poor

mother, seeing her baby suddenly lost to her for ever, com-

menced a mournful wailing, which the curlews or stone plovers

("Will") in sympathy took up, and have continued- ever since.

The disconsolate young mother then hurried back to the

camp and reported the occurrence, upon which the doctor or

medicine-man (" Barngnull '') directed that every person with

a canoe was to proceed to the tree, and after cutting it down

to tear it into little pieces, and to boat it all away to the

river, where it was to be thrown upon the water to be carried

away. The doctor then decreed that no more trees should

grow in Lake Boga. The tree in falling hollowed out with its

branches a big depression near the river, which they called

' Geranyuk '" (where branches and leaves fell). The . large

gnarled lump on the tree trunk sti'uck and hollowed out a big

hole at the entrance to the lake, which they named '" Wher-

pook " (where butt fell).

Destruction of Floating Island on LaJ:e Boga ('" Gourrm ").

A long time ago (" Null uiea goon ") there was u floating

island on the waters of Lake Jioga. The native idea w-as that

it was formed of a mass of rushes and reeds, on which the

duststornis had deposited a stratum of sand, and in which

grass grew. One day a number of young men were upon

the island, and the day being a warm one they spent a lot of

the time swimming. One youth, not being a gfwd swimmer,
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became exhausted, and in dan<;'er of drowning. He was rescued

by his friends, and being then very cold and unconscious a

fire Avas made to warm him, after which they went back to

the camp. During the night a breeze sprang up and fanned

the embers into a bUize, with the result that the reeds and

rashes speedily caught tire, and the island was totally de-

stroyed.

An Account of "The Foij that Killed,'" or "Poison Fog."

(" Yathunge jaJi.').

Perhaps about 80 to 100 years ago a swiftly-killing disease

{possibly small-pox) killed a great number of the members of

the Boga tribe (" Gorrmjanyuk "). The idea was that it came

like a fog, low-lying over the land. Up to a few years ago

numbers of the skulls of the victims were to be seen round the

banks of Lake Baker (" Boomberdill '), and the awful fear of

the poison-fog lasted up to very recent years. (Natives say

previous to small-^^ox.)

" Gourrii," or Battle of Blood (Railway Station Site, Lake

Boga).

Many years ago a very sharp bit of fighting took place on

the site of the railway station at Lake Boga, between the

Tyntynder and Boga tribes, and in consequence of the quantity

of blood spilt it was called the " Battle of Blood," or " Gourrk."

The Lake Boga Aboriginal Legend to Account for the Kedcap

Robin's Redbreast and the Mountains of the Moon.

When the world was young, an aboriginal and his wife had

living with them the little brother of the wife. The husband

was a very greedy and selfish man. and very much grudged

the food which the wife gave to the little boy, so much so

that the only food the little fellow got was the scraps of meat

surreptitiously given by his sister. One day the man came

buck to his camp sooner than he was expected from hunting,

and discovered the boy nearh^ choking in his endeavour to

swallow the meat before the husband should be near enough
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to stop hhu. The luisband was so enraged at this that he

cauirht the boy by the legs and swung him round until he

became sick, and then cruelly threw a lot of burning coals on

his breast, upon which the boy turned into a " Jallegourk

gourel\," or Red-capped Robin, with a beautiful red breast.

This outrageous treatment of the boy so much angered the

sister that she in her turn threw a lot of hot coals over the

face of her husband, and told him to go up in the skies, which

he is supposed to have accordingly done, and become the moon
(' Mitthean "), the mountains of which are supposed to be the

dark smudjxe left bv the hot ashes.

Tilt J.eyfiid Accounting for tlie Forniation of Lakes Hiiid-

riKirsh, Alhacutya and Wonga, also Werringurr.

Ever so long ago a big bhick spider (" Werrinl)Ool "") saw

a little squirrel (" Doowan '"), which he chased up a tree. The

Werrinlx)ol bit the tree until it commenced to fall, upon

which Doowan jumped into another. This AVerrinbool com-

menced treating as before, so Doowan climbed to another, with

Werrinbool still in pursuit. As the last tree fell the Werrin-

bool seized poor Doowan and killed and ate him. Now Doowan

had two nephews, who missed him sore, and determined to see

what had become of him by tracking him down. They tracked

him to an ant hill, where they found some of the Doowan's

hairs, upon which they immediately suspected Werrinbool,

and very soon found the first camp (Lake Hindmarsh). They

passed along the track until they discovered the second night's

camp (Lake Albacutya), with the ashes of the fire still ^varm.

Still proceeding upon their way, they came to the third camp,

Avith the Werrinbool's fire still burning. The oldest nephew

directed the younger to go up against the wind for the Werrin-

bool to smell him, at the same time getting into hiding to

lie in wait. The WerrJnl)ool soon smelt him, and as he was

creeping after the younger, the older nephew speared him. and

the younger ran in and also threw a well-directed spear, and

then the pair cut off the Werrinbool's head, and continued play-

ing with it for some time by rolling it from one to the other,

and that is how Lake Werringurr was formed.
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The Le(/end Accounting for the Teeth-Jikp Shhu/les oj Lake

Werringurr.

The old Weri'inbool had two daughters, whom he left at his

camp. The two nepheAvs of Doowan, after killing Werrinbool,

went back, and, finding them, they took them for their wives.

They then all went a day's journey, and passing through some

scrub came upon some kangaroos feeding. They told their

wives to remain there for a while, whilst they went after the

kangaroos and killed them for food. When they were near the

kangaroos they heard a tree falling, and they wondered why,

but when they got back to their wives they saw the fallen

trees, and then they knew that it would not be wise to keep

them as wives. So they said to them. " Let me put the bundles

on your backs," and as the wives, consenting, stooped down for

the purpose, the brothers at a preconcerted signal struck the

unsuspecting wives with their waddies (" Gunies "), and dashed

out their brains and teeth and jaws, which accounts for the

teeth and jaw-like shingles found at Lake Werringiarr.

Kangaroo or Murdering Lake (" Dinger ").

Many years ago a shepherds hut stood at " Wherpoo

"

(where carbuncle on trunk of big redgum struck), the entrance

to Lake Boga. One night the natives sought to obtain some

cheap nmtton by spearing, but the shepherds in charge (2)

became alarmed, and, as was the custom in those old days,

used their firearms to such effect that " Nyarramin's " uncle

(Peter) was mortally wounded, and died, and was buried at

Dai-noowongatch " (N.E. bank of Boga). The two shepherds

were transferred to Kangaroo Lake, as it was feared that the

natives would seek reprisals, but this even was of no avail, as

the vengeance of the tribe overtook them. For one fine after-

noon the two men, unsuspicious of impending danger, were sit-

ting upon a fallen log, reading, with their firearms on the

ground beside them, when without warning of any description

they were speared to death. After the killing of the shepherds

one of the natives nearly met his own death. He seized one of

the guns, and dashing the butt of the gun upon the ground

exploded the weapon, the charge going between the man's



Aborigines of Lake Boga. 465

legs, but without touching him. He received a great shock,

and was the butt for their merriment for years. This incident

originated the name of " Murdering Lake," which name it

bore for many years.

TJie Legend of " Geiwoorn " (tJie Harmonious Shrike Thrush).

Once upon a time a young hunter named Geiwoorn had fixed

his home or shelter of bark (" Lurr '") at the foot of a leaning

pine tree on a hill close to the Richardson River (" Barnu-

nung," smouldering away). He had two very large dogs, of

which he was very fond. These dogs were very useful to him,

and he used to depend upon them tor keep up the supply of

meat. When the supply of food ran low a word only to the

dogs sufficed to send them away by themselves on a hunting

expedition, from which they invariably returned with sufficient

to last for days. One day, the food running low, the hunter

sent his dogs away as usual, but they did not return. For

many days the young hunter used to climb up the leaning

pine tree to look over the landscape, and to whistle for his

dogs. Close to the tree there was a pit of pipeclay, and one

day when the hunter was up the tree whistling for his dogs he

saw a party of natives come to the claypit, and one of them

asked him what he was whistling for. He replied that he was

Avhistling for his dogs to come back, but to his great grief he

was told that they would never come back, as they had speared

them both. The young hunter then set fire to the pine tree at

the roots, and it smouldered away, whilst the natives were deco-

rating themselves for a corroboree. Some were painting them-

selves to represent magpies, black ducks, etc., when, without

warning, the smouldering tree fell and killed them all. In a

few days' time the poor young hunter died of grief and hunger

and became a Harmonious Shrike Thrush (" GeiAvoorn "), and

has been whistling ever since.

Magic Stones or Charms.

. The Boonyenge mundar, or Rain bringing stone, is a round,

smooth stone, resembling white loaf sugar. It was placed in

water when rain was required, and when sufficient had fallen

l(i
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it was taken out, dried earefuUy, and placed away in the doc-

tor's (" Barngnull ") poison-bag (" Neilgnoonye '). Should,

however, the rain be required to stop very soon, the stone or

charrn was dried quickly by the tire.

The Danger stone ('" Yatching werrip werrip '"') or Kutch

Kutch laar, is a smooth, oblong, flat blue pebljle, and was used

similarly to the Scottish liery cross. It was passed quickly from

person to person, and always pointing in the direction of the

danger, until all the members had been warned of the impend-

ing danger.

The Marriage or Betrothal stone or charm (" Wooien laar ")

is a smooth, flat, blue pebble, smaller than the above, which

was (after a proper examination of the female candidate for

matrimony) given to her with the direction that it was to be

placed in the armpit, and kept there by opossum skin bands

until the consummation of the marriage.

The stone or charm to keep away evil spirts ('" Jarrung jar-

rung ") varies greatly in character from round pebbles to flat

ones, and of any colotu". They were buried with the corpse

(" Jaark,"' meaning hollow, no life left). I have two that sepa-

rated three corpses, one an oblong, dark, smooth pebble,

originally possibly a pounding stone, the other round, smooth,

flat, and yellowish in colour, and of no possible material use.

The curlew S'tones or charms (" Moorpen whillo "') w^ere sup-

posed to have been smoothed in the stomach of a curlew or

stone plover.

The oath stones or charms (" Yere laar ") were of two sizes,

and very irregular, couqjosed of quartz, iron pyrites, etc. The

larger was for the male and the smaller for taking the word or

evidence of the female.

The doctor or wizard (" Barngnull "") of the tribe would wrap

the stone round w^ith native silk or thread, leaving one end

loose. The suspect was forced to hold the packet at the height

of the mouth, and reply to questions asked. After the mut-

tering of incantations the suspect would be seized by the

wizard, or doctor, who would bite him and pretend, after a long

process of sucking, to draw out of the man's body a small

piece of stone, which he would spit out and show as proof posi-

tive of the culprit's guilt.
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Fur a lesser crime the culprit would be assailed up to an

hour by two or three natives with throwing spears, which he

had much ado to stop to save his skin. If a man was deemed

worthy of death a favourable opportunity would be seized for

either spearing him to death, or dashing his brains out with

a large waddy.
,

Fuison tStlrki; ("T<-// (Tiiiiniiee ') and Their Use.

The poison sticks of the doctor, or wizard (" BarngnuU ")

were, for the Boga tribe, three in number, uuide of the wood

from the yellow-fruited (c^uondong tree. They were each about

four inches long, half an inch wide, and were brought to a

point on each end. They were rounded on three sides, and flat-

tened on the fourth, with a little rough, mystic carving on the

rounded portion. They were tied together with sinews or

native string, and some portion of the condemned individual,

or something that had been used by him, was placed in the

centre. The whole w^as anointed with kidney fat. In some

out-of-the-way spot the doctor dug a shallow hole, and after

lighting the end of the sticks, covered the whole Avitli bark,

and then tilled it in, carefully, so as to leave no trace of the

place having been disturbed. The next day it would be opened

up again and attended to, and so on for perhaps many days,

the idea being to cause an infinity of suffering to the con-

demned person. By the time the sticks were completely burnt

the culprit was supposed to be dead, and there is no doubt but

that end would be attended to by the hendish ingenuity of the

doctor, possibly by the use of the throt4;ling noose (" Wooren ").

The Thruttliin/ Loop {" K ooreii "").

This fiendish instrument for the destruction of human life

was made of long strands of sinews from a kangaroo's tail,

joined together to the required length and plaited. Four of

these plaits were laid side by side. One set of ends was formed

into a loop, and the other ends were fixed to a pointed piece of

kangaroo leg bone, the whole affair being about four feet long.

The noose would be thrown over the head of the unsuspecting

16a
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victim, who would be speedily strangled without a cry. This

instrument was well greased and coloured red. When a

strangled victim was found, every person professed to be igno-

rant of the manner of his death. Tlie instrument was always

kept carefully concealed by the doctor (" Barngnull "').

I'he Lord's Prayer.

Wailukkaiajoruk Marmongaruk luonga eumon derrill luttha

Our Father i\p above the skies

Yeenyeendaditch eomip nyaringen

Pi-aise will be your name

Walkiken kinya doolking junguin eomin

Yours this earth will be

Walluken bookin nugaroungin gnunda

Your will will be done

Gnoola niarka nungworroiuigimutch derilla

Like you do above the skies

Woocarndin geela gnowik gnowik wallukkanduk bannim

Give us this day our food

Winnuk eoonguk kinya yathung giawonduk

Don't take any notice of evil doings

Gnoolanda winnacoongun marcoongetch marco gooleketch yathung giawook

Like we forgive other people their evil doings

Wambung goondin dindaworruk yathungie juk

Don't lead us into evil deeds

Joolun gurragnundin yathvmgie janyung

Lead us Itack from evil deeds

Wallukkaen kinya mikmeye jar eoma

Yours very powerful and brightness

Wallukkaen yere wongaren bar millakin

Always very no end

Doortakootthawill yere wamba jertook

For ever very without end.
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Introduction.

In this paper an attempt is made to throw some light upon

the history of the Yarra River and Dandenong Creek Basins

since the last great uplift of the land. The more recent minor

changes of the Yarra near its mouth have been described by

several writers, and upon these aspects I do not propose to

touch. This paper is concerned mainly wuth the Yarra Valley

upstream from Heidelberg, and with the basin of the Dande-

nong Creek generally. As; will be noticed in the sequel, the

two basins are in places intimately associated with one an-

other, and thus they may be conveniently dealt with to-

gether.

Previous Literature.

Apart from Professor Gregory's work, which will be pre-

sently referred to, little has been published on the Yarra and

Dandenong Creek Basins. Such literature as exists, and which

bears on the subjects in hand, will be mentioned when dealing

with the origin of the various land forms.

In 1903 Professor Gregory published his suggestive and

stimulating work on the Geography of Victoria (1). In pass-

ing I would like to express my deep indebtedness to this book,

and to point out that it is practically the pioneer work in

Victoria in the application of the principles of modern

physiogi-aphy, of which at the present time Prof. W. M. Davis

of America is perhaps the most distinguished exponent.
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In this work Professor Gregory (pp. 106-113) discusses the

history of the Yarra Basin, and suggests that most of the

principal northern tributaries of the Yarra were originally con-

tinuous with the principal streams now flowing northerly to the

Goulburn Rive)*, but formerly having a southerly flow : and

also that a stream formed by the junction of some of these

older larger streams (the Acheron-Watts and the Yea-Steel's

Creek) originally passed over a gap at Beenak, and entered

Western Port Bay through the Kooweerup Swamp. This of

course was when the general surface of the Yarra Basin was at

a greater elevation than it is at present. Subsequently the

Yarra and Goulburn Rivers worked their way eastward and

captured the various streams, dividing them into two portions

in some places, and into three in the case of the river which

he thought formerly passed over the Beenak Gap, and of

course reversing the flow of some of the captured parts. The

Yarra. he states, cut its way along an eastern and western val-

ley, giiided by the earth movements that succeeded the erup-

tions of Dandenong and the Black Spur. These eruptions Pro-

fessor Gregory elsewhere (2, pp. 212 and 214) states, were pro-

bably post-Palaeozoic, and certainly earlier than the Upper

Cainozoic, and might belong to any part of the Mesozoic or

Lower Cainozoic.

The present paper does not discuss the questions here raised

by Prof. Gregory, but confines itself mainly to the history of

the Yarra and Dandenong Creek since the last great uplift

of the land, which, in the writers opinion, occurred after the

formation of the peneplain, which is subsequently referred to

as the Nillumbik Peneplain.

Prof. Gregory (1, p. 84) also refers to the Yarra Plateau as

the third southern spur of the peneplain running southward

from the Primitive Mountain Chain. This peneplain, he states,

ran from the Strathbogie Ranges across the present main

divide between Mt. Disappointment and Mt. Arnold, form-

ing the old platform under the Dandenongs. He further re-

marks (p. 85) that most of the Yarra Plateau may be regarded

as a shelf on the eastern border of the Melbourne Basin, of

which the eastern boundary may then be drawn along the

ridge through Queenstown. Christmas Hills and Mooroolbark.
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East of this line is the basin of the Middle Yarra, Kooweerup

Swamp and AVesteni Port, which were probably once part of

a connected basin.

In the same work (pp. 106-107) Prof. Gregory points out

tliat the Yarra does not cross from its middle basin to its

lower basin by what appears to be the natural course—viz.,

through the gap at Mooroolbark used by the railway, but after

meandering through the Yarra Flats the river suddenly turns

off into the hilly countiy known as the Christmas Hills. It

flows in a deep gorge through them till it reaches the plains

again near its junction with the Plenty River. Its course he

maintains is therefore clearly antecedent to the present topo-

graphy of the country : but its narrow gorge and rocky cata-

ract broken course show that it has here the characters of a

young as well as an antecedent river, and is, in fact, a revived

river.

Tlie possible peneplain of which the tops of Mt. Macedon

and the Dandenong Ranges are the remnants, as suggested by

Prof. Skeats (3, p. 188), will not be discussed in this paper.

Genepai Descpiption.

Tlie principal physical features of the areas in question are

fairly well known, so that a brief description will be sufficient

for the purposes of this paper.

Treating the Yarra first, this river rises near Mt. Baw Baw,

and thence passes westward, developing into a fairly open,

matured valley, with well-developed tributaries, until it reaches

Warburton. Here, as noted by Mr. F. G. A. Barnard (4, p.

245), it is confined to a deep and somewhat narrow gorge, after

passing which its valley gi-adually widens until it turns to the

north near Killara, and meanders through broad alluvial flats

as far us Healesville, where it savings away again to the west-

ward through similar flats as far as Yarra Glen. It then turns

to the south-west, still bordered by flats, but now principally

on the left bank only. Tlie right bank rises steeply to a con-

siderable height above the river, and these features are main-

tained, with the exception noticed below, until Brushy Creek

(a southern tributary) is met.
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Here the river plunges into a deep narrow gorge ; and the

stream passes from the slow meanderings indicative of old age

to the swift-flowing, rocky-bedded river characteristic of youth.

This gorge continues as far as Templestowe, from where the

country becomes more open and the river more staid, until

at Heidelberg it has a wide-bottomed valley, and the river

meanders through its flood-plain.

At Fairfield the river again becomes youthful in appearance,

due to the partial infilling of the old valley by basalt. It main-

tains its narrow valley for some distance ; but the valley

gradually widens as it approaches Melbourne, becoming once

again the mature or old river, which feature it retains until it

meets the sea at Hobson's Bay.

The character of the valley at Heidelberg has been described

by Dr. T. S. Hall (5, p. 42) and the writer (6, pp. 165 and 166).

The tributaries of the Yarra do not present many diversified

forms. Those entering the stream on its right bank comprise

streams running mainly through silurian country, such as the

Plenty, the Diamond Creek, Watson's Creek, Steel's Creek and

others near Yarra Glen. They also include the Watts River,

the Badger Creek, the Don and the Dee Rivers, and the small

streams near Warburton, all of which belong to dacite country.

Farther east there are the O'Shannassy and other rivers, which

are silurian.

These tributaries are, with the exception of the small

streams at Warburton, deeply trenched, and have, generally

speaking, rather narrow valleys. They enter the Yarra with

accordant junctions, are well graded, and their development

has clearly been determined by the stage of growth of the

Yarra itself. In other words, they are normal tributaries.

The tributaries at Warburton are very short, with steep

grades and very narrow valleys. Their waters are very swift-

flowing, and they, with similar streams on the opposite bank

at the same locality, constitute a group of mountain torrents.

Their rocks are dacite on the northern, and mainly grano-

diorite on the southern side.

The affluents entering the Yarra on the left bank are, as a

rule, considerably shorter than those entering on the right

bank. They comprise Gardiner's and the Koonung Koonung
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Creeks, whose valleys are broad open ones, due to the com-

paratively slight elevation of the country above sea-level, and

the mature state of the Yarra where these streams junction.

Farther east, the Mullum-Mullum, Anderson's, and Narrmeian

Creeks possess narrow, deep valleys, consistent with the Yarra

itself at their various points of entrance. The five tributaries

just mentioned all have accordant junctions, and are all essen-

tially Silurian streams.

The next valley to the east, that of the Brushy Creek, offers

a striking contrast to its immediate neighbours, the Narr-

meian. Anderson's and Mullum Mullum Creeks. The Brushy

Creek valley is a broad, open, flat-bottomed one, with a slug-

gish stream meandering through its own alluvium, while fur-

ther east the streaaiis running in a northerly direction towai^ds

the Yarra, such as the Olinda Creek and other small water-

courses in the parish of Yering, do not reach the Yarra, but

lose themselves in the broad, marshy flats bordering the

Upper Yarra. The valleys of these streams before entering the

flats are bounded by low hills with gently sloping sides.

Beyond the flats again to the east, another nest of closely

related streams occurs, including the Woori Yallock Creek,

Hoddle's Creek, and the Little Yarra. These are fairly well

developed, chiefly in silurian country, and possess the normal

characteristics already noted of other similar streams.

At Warburton, as above remarked, mountain torrents exist

on both sides of the river.

Farther to the east again, the southern tributaries appear

to be generally similar to those entering from the northern

side, and are chiefly in silurian country.

The basin of the Dandenong Creek oft'ers in several respects

a marked contrast to that of the Yarra. The latter is much

larger than the former, which is generally at a low elevation,

and is fed by ground of little height, with the exception of

some drainage from the Dandenong Mountains. The result is

that the main stream^—the Dandenong Creek— is very small,

and its tributaries, with the exception of the Blind and Cor-

hanwarrabul Creeks, are quite insignificant. A further result

is that the valleys are generally wide, shallow and tending

to flat Ijottoms, with alluvial flats. These characteristics are
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especially noticable towards the mouth of the Dandenong

Creek (where they would be expected), and, where unlooked

for. at the head waters of the stream, and its principal tribu-

taries.

The main geological formations may be seen from the map,

showing the Yarra and portion of the Goulburn Basins. The

main divisions are the silurian sedimentary rocks, the dacite

and granodiorite, and the tertiary sands and gravels. The

silurian occupies most of the peneplain through which the

Yarra runs, as well as forming part of the divides. The grano-

diorite and dacite form the highest lands of the area, rising

to about 4:000 feet at Mount Donnabuang, near Warbuiton.

They are found about the divides.

The tertiary sands and gravels forming the coastal plain to

the east and south-east of Melbourne, are a thin cap on the

silurian rocks, and occur in the southern part of the countiy

now dealt with. They have in places been much denuded.

The Yarra Plateau.

Prof. Gregory's description of the Yarra Plateau has already

been quoted. It is proposed to extend the boundaries of this

plateau, so as to include country that naturally falls within

its area, as well as the coastal plain to the east and south-

east of Melbourne. The latter is included for convenience of

reference.

The plateau is bounded on the north by the Main Divide,

or by some of the spiu-s of the latter ; and Mount Disappoint-

ment may be regarded as the western extremity of its northern

boundary.

The rise from the jjlateau at its northern boundary is sharp.

This is noticeable at Mount Disappointment, and particularly

80 at Bear's Sugar Loaf, a high, southerly-projecting spur from

the Divide. This spur at its southern end is sharply and

steeply truncated, which may be due to denudation during the

formation of the peneplain, of which the Yarra Plateau forms

a part.

in contrast are the spurs from the Main Divide about Yarra

(jlen and Healesville. They are long and sloping, and continue
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80 down into the valley of the Yarra. These spurs indicate

that this part of the country has escaped the plauation which

formed the peneplain, and that such country apparently be-

longs to an earlier cycle of erosion than the plateau.

Belonging also apparently to this eai'lier cycle of erosion

is the Yarra valley, east of Warburton. This area and the

country mentioned in the last paragraph, have not been suffi-

ciently examined to state whether any evidence exists in sup-

port of this earlier cycle, such as old valleys trenched by

younger ones.

From the Main Divide to the Yarra, the plateau is bounded

on the east by the higher country at Steel's Creek and farther

east. The boundary then follows the Yarra to Brushy Creek,

thence along the western side of the latter to Burt's Hill, thence

south-westerly through the Springvale district to the sea.

Its western boundary may be regarded as a line drawn from

Mount Disappointment southward to Port Phillip Bay.

Another part of the plateau is probably most of the Woori

Yallock and Hoddle's Creeks Basins. This part is separated

from the main area by the depression of the middle Yarra

country. Its exact relations with the main part of the plateau

have not yet been determined.

The Croydon Senkungsfeld.

The Yarra Plateau is tianked in parts by a belt of low coun-

try, characterised by wide alluvial flats, low ridges and broad,

open valleys, of which those at Yarra Glen and Bayswater may
be taken as types. The tops of the ridges indicate that this

low belt of country had originally a level surface, and is really

a dissected plain.

Tlie difference of elevation between the Yarra Plateau and

this lower country I regard as dtie to unequal uplift, the less

raised portion being a true Senkungsfeld, which can con-

veniently be referred to as the Croydon Senkungsfeld. Croy-

don is situated on the boundary between the Yarra and Dan-

denonof Creek Basins, and as the Senkuno^sfeld belongs to

both, the name of this township has been adojjted for this

depressed belt of country.
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The Senkungsfeld is bounded on the west by a line running

north-easterly from about Springvale to the Dandenong Creek

(just west of the Bayswater railway station). Crossing the

creek it continues in the same direction as far as Burt's Hill.

It then iims a little to the west of north to the Yarra at the

mouth of the Brushy Creek, then north-easterly to Yarra Glen.

From here the boundaries have not been definitely traced, but

probably it trends eastward (a little to the north of the Yarra)

to Healesville, thence southward close to the great dacite

masses of Mounts Riddell and Toole-be-wong to the east of Kil-

lara, thence across the valley of the Yarra at the latter place

to the Warramate Hills, thence northward along their eastern

edge, thence westward to Lilydale, and southerly along the

western edge of the Dandenong Ranges and adjacent hills to

Dandenong.

Thus this depressed area consists of a long north and south

valley running through Croydon to Dandenong, the low

countrj^ about Yarra Glen, and the narrow valley between

Mount Toole-be-wong and the Warramate Hills. Mr. Thiele in

his suggestive and interesting little paper (7, p. 103) has noted

the depression of the Dandenong Creek area ; but suggested

no reason for its existence.

The depth of the original surface of the Croydon Senkungs-

feld below the general level of the Yarra Plateau is at Croydon

about 140 feet (by aneroid), and at the gorges subsequently

described as the Yering and Warrandyte Gorges, about 200

feet by the same instrument. At the " Kopje " it is only about

85 feet. Elsewhere the heights have not been determined.

The Lilydale basalt, although higher than most of the de-

pressed area, cannot be separated from the latter. Its greater

height is due, in the writer's opinion, to its greater resistance

to erosion than the softer neighbouring rocks. The relations

of the higher country chiefly occupied by the pyroclastic rocks

of Evelyn and surrounding country' (which are regarded as re-

lated to the dacites), to the Senkungsfeld and the Yarra

Plateau, have not yet been determined.

So far as its boundaries have been definitely traced, the

Senkungsfeld is mainly due to faulting ; it is therefore a fault-

block.
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For reasons that will be subsequently stated, the Senkungs-

feld is regarded as only relatively and not absolutely depressed.

The whole country was uplifted, but certain portions received

greater elevation than others.

In stating the boundaries of the Croydon Senkungsfeld, no

reference was made to its possible extension south of Dande-

nong, as my personal observations in connection with this

paper have not extended beyond this point.

From the known contour of the country, however, to the

south of Dandenong, and from the geological map accompany-

ing Selwyn's report of 1856 (8), the Senkungsfeld appears to

clearly extend in the same direction (south-westerly) through

the Carrum Swamp and possibly under Port Phillip. This

question is dealt with more fully under the section describing

the faults and fault-scarps.

The Nillumbik Peneplain.

This comprises the Yarra Plateau and the Croydon Senkungs-

feld, parts of the same form, but at different levels. Sufficient

observations have not yet been made to adequately discuss

the cause of the movements which have brought about these

different levels.

Prof. Gregory regards the Yarra Plateau (as defined by him)

as a peneplain. That it is so, and also in its widened defini-

tion, may be seen on looking from any elevated point com-

manding a comprehensive view of the country. One of the

best of such view-points is Garden Hill," at Kangaroo Ground.

Within the boundaries of this peneplain is included the

coastal plain stretching eastward and south-eastward from

Melbourne. This coastal plain consists of marine and fresh

water tertiary sands and gravels, laid down upon the denuded,

even surface of the silurian rocks whilst the more inland coun-

try was being reduced to a peneplain continuous with that on

which the sands and gravels were deposited. Thus the true

peneplain to the north merges into the coastal plain, and there

are thus two physiographic forms, but for convenience both

are grouped together as the Nillumbik Peneplain.
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This peneplain rises gradually to the north and east from

sea-level to varying heights, in its central portions being from

iOO feet to 700 feet in elevation, according to its position in

the area.

The peneplain as here defined is apparently that referred

to by Prof. Skeats (3, p. 189) as formed at a level of only a

few hundred feet above sea level. He regards this peneplain

as being formed through the softer sediments being easily base

levelled, and the more resistant dacites preserving remnants of

an older peneplain, to which he also refers.

The Nillumbik Peneplain seems to die out to the east about

the Steel's Creek country, and pass into that of an earlier cycle

of erosion, to which, as previously noted under the description

of the Yarra Plateau, the valley of the Yarra east of War-

burton also belongs. Until more observations are made, how-

ever, the possibility of faulting along some of the boundaries

of the Nillumbik Peneplain and the higher lands (for example

at Bear's Sugar Loaf) cannot be altogether excluded. This,

however, would not affect the character of the Nillumbik Pene-

plain, which is a true river-made plain, but would affect the

amount of vertical denudation between the present Nillumbik

Peneplain and the high land by which it is bounded.

The Faults and Fault-Scarps.

Tavo strongly-marked faults have been definitely traced.

The first—named the Brushy Creek Fault—forms part of

the western boundary of the Croydon Senkungsfeld. It com-

mences at about the Dandenong Creek to the west of Bays-

water railway station, and runs north-eastward to the west of

Croydon railway station as far as Burt's Hill ; thence a little

to the west of north, forming the western side of the Brushy

Creek valley, to the Yarra River at the mouth of the former

stream. This fault is about eight miles in length, and

forms a prominent scarp in the landscape. It is worthy of ob-

servation that it follows the strike of the silurian rocks, which

here on the west are in pai't somewhat quartzitic sandstones.

The nature of the silurian rocks immediately to the east has

not yet been determined, but possibly the earth found relief

I
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between a fairly hard and a softer band, following the strike

of the rocks. It may here be stated that the difference in

hardness between the rock-bands mentioned is (luite insufficient

to account for the existing- topography.

South of the Dandenong Creek, the lirushy Creek Fault can-

not be traced. If, however, a line be drawn south-westerly in

continuation of the fault to about Spring-^^ale, it will be seen

that while the general level of the country along this line

gradually descends to the south, it also appears to steadily

drop to the east, until th6 low ridges and flats of Bayswater

and Scoresby are met with. Thus the fault seems to die out

and become replaced by a gentle tilting approaching a slight

fold. This idea is supported by the decreasing throw of the

fault when traversed from north to south.

Tlie second fault, which may be referred to as the Yarra

Fault, runs north-easterly from the northern end of the Brushy

Creek Fault to about two miles to the north of the Yarra at

Yarra Glen. It constitutes a boundary of the Croydon Sen-

kungsfeld. Its length is about nine miles, and it keeps close

to and is practically parallel to the Yarra River. It is on the

right side of the stream, except as will be noted later.

This fault also has a very prominent and practically un-

broken scarp.

The difference in height at various points (e.g., at the mouth

of Brushy Creek, about 200 feet, at Croydon abut 140 feet,

and at the " Kopje " about 85 feet), between the Yarra Plateau

and the Croydon Senkungsfeld, indicates approximately the

throw of the Brushy Creek Fault, whilst similarly the throw

(about 200 feet) of the Yarra Fault is indicated at the Yering

Gorge.

The nature of the other boundaries of the Croydon Sen-

kungsfeld have not yet been ascertained, but from casual

examination there appears to be a strongly marked but broken

scarp running from north of Yarra Glen (a little above the

junction of Steel's and Dixon's Creeks), eastward towards

Healesville. This scarp is probably due to a fault. Faults on

each side of the Yarra north of Killara, one along the edge of

Mt. Toole-be-wong, and the other on the eastern side of the

Warramate Hills, probably account for the depression here.
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Detinite conclusions on these points must await further exam-

ination.

A careful examination of the country along the western

edge of the Dandenong Ranges has not been made ; so that the

nature of the junction here between the Croydon Senkungsfeld

and the mountains has not been determined by personal obser-

vation.

I have however come to the conclusion that it is extremely

probable that such junction is a fault, and that from the fol-

lowing considerations :
—

If the eastern boundary of the Croydon Senkungsfeld along

the western edge of the Dandenong Ranges be continued in the

same (south-westerly) direction, it will be found to pass along

the western edge of the granodiorite at Dandenong, along the

eastern side of the Carrum Swamp, and along the eastern side

of Port Phillij) Bay to the Nepean Peninsula. This line it

will be noticed, is on the western edges of the granodiorite of

Mts. Eliza and Martha and Arthur's Seat, which are so sharply

defined along the coast.

Selwyn in 1857 (9, p. 33) stated that a fault extended in a

direct line from Frankston to Arthur's Seat, parallel to the

coast. This line is included in the line above noted, stretching

from the Dandenong Ranges to the Nepean Peninsula.

As already stated, the Brushy Creek Fault appears to pass

southward into a gentle tilting or folding, which enables the

western boundary of the Croydon Senkungsfeld to be traced

(in continuation of the Brushy Creek Fault) towards about

Spring'\'ale. If fi'om the latter place the line be continued in

the same direction, it will be found to pass through Mordialloc,

which is at the western end of the Carrum Swamp.

There is no reason to doubt that Selwyn's fault line is

;i true fault. It bounds, as Mr. Hart has pointed out (10, p.

257), the granitic areas of the district ; its continuation to the

north-east bounds the depression of the Carrum Swamp, and

also the igneous rocks of the Dandenong Ranges. West of the

latter a Senkungsfeld exists. There seems little doubt there-

fore that a strongly marked and remarkably straight fault

exists from the northern end of the Dandenongs to Dromana, a

distance of nearly 50 miles. This fault may appropriately be
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termed the Dandenong Fault. Whether this fault crosses the

Nepean Peninsula cannot at present be stated.

A continuation south-westerly from Dandenong of the Croy-

don Senkungsfeld would account for the depression of the Car-

rum Swamp, and perhaps for the indentation of Port Phillip

from Mordialloc nearly to Sorrento. It also indicates a valley

extending from the Yarra at Brushy Creek mouth through

Croydon, Dandenong, the Carrum Swamp and, possibly, under

the waters of Port Phillip Bay, and dating from the time of the

uplift of the Nillumbik Peneplain. As will be subsequently

shown, the Yarra does not appear to have ever occupied this

valley.

The Dandenong Fault may be a line along which repeated

movement may have taken place ; but we are here only con-

cerned as to its effect in the formation of the Croydon Sen-

kungsfeld.

Dr. Hall (11, p. 204) apparently holds that the part of the

Dandenong Fault indicated by Selwyn was formed during the

drowning of the lower parts of the Yarra and other streams,

and the formation of Port Phillip Bay. The fault however

appears to date back at least to the uplift of the Nillumbik

Peneplain, the time of which is subsequently discussed, and

which was long prior to the formation of Port Phillip.

Th.e Dandenong Fault and the boundaries of the Croydon

Senkungsfeld around the great mass of acid igneous rocks

forming the Dandenong Ranges and adjacent hills, suggest

that these igneous masses and those of Mounts Eliza and

Martha and Arthur's Seat are horsts.

Mr. Griffith Taylor (12) and Mr. C. A. Sussmilch (13) have

explained some of the New South Wales topography by faults

and Senkungsfelder. Tlie writer's conclusions as to the origin

of the topography dealt with in this paper were arrived at

before perusing these interesting papers.

The Yering Gorge.

It has been stated above that the Yarra Fault mainly keeps

to the right bank of the Yarra River. An exception occurs

about two and a-half miles (in a direct line) to the east of the
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mouth of the Brushy Creek in the form of a deep, narrow and

isolated gorge of the river about a mile in length. Its entrance

and its exit are bounded by bi*oad flats.

This gorge throws a flood of light upon the history of the

topography of the country, and I have therefore given it a

distinct name—the Yering Gorge. Its significance will be sub-

sequently discussed.

The Mitcham Axis.

The southern boundary of part of the Yarra Basin may be

regarded as a line running from the noi'th of Camberwell to

Burt's Hill. This is not strictly correct, as this line has been

shown by Mr. Thiele (7, p. 103) to have been breached by the

Mullum Mullum Creek. Gardiner's Creek is also an anomaly.

The effect of the latter has probably been to divert the waters

of Main Creek and adjacent streams to the Yarra instead of

directly to the pea. This will be subsequently discussed. For

the purposes of the argument the dividing line, as stated

above, may be accepted.

This line keeps fairly close to the Lilydale railway line from

Camberwell to Mitcham, and then runs more to the north in a

north-easterly direction.

Between Croydon and Lilydale the water-parting between

the Yarra and the Dandenong Creek Basins is more irregular,

and it loses something of the ridge-like character indicative of

the western portion. The low ridges nowever about Croydon

and Mooroolbark appear to have northerly and southerly slopes

as if the dividing line were originally continued between these

places. All the drainage to the north and east of Lilydale

enters the Yarra.

The country along the line between Camberwell and Burt's

Hill gradually rises. About a mile north of the Canterbury

railway station it is 380 feet, at the Surrey Hills reservoir it is

420 feet, and at Mitcham over 500 feet above sea level. At

Burt's Hill—i.e.. on the Yarra Plateau, at the base of this hill

—it is by aneroid determination about 560 feet above sea

level. It is convenient to refer to this line as the Mitcham

Axis.



PhysiograpJiy of Yarra, etc. 483

This axis may be a true erustal deformation formed during

the differential uplift of the Nillunibik Peneplain. Whether

it is so or not as regards the northern and southern slopes,

there seems to be no doubt that its gradually increasing eleva-

tion eastAvard is due to earth movement. At Burt's Hill the

rocks snapped, forming the Brushy Creek Fault.

Tlie axis, if wholly due to erustal movements, really forms

iin elongated dome, truncated at its eastern side.

The general uplift of a wide area of country had given a

.southerly slope to the Yarra Plateau from the foot of the Main

Divide, and this slope met the northern slope from the

Mitcham Axis somewhere about the course of the present Yarra

(west of Brushy Creek). The axis therefore determined to

some extent at any rate the course of the Yarra, and fixed the

boundary line between the basin of that river and that of the

Dandenong Creek.

At Mitcham and eastward to Burts Hill at Croydon, the

northern and southern slopes can be clearly seen from the

axis. Farther west however the slopes are less in grade, and

therefore not so distinct. About Box Hill the axis is a broad

level stretch of country, in which streams have in their head

waters incised themselves in a westerly direction. These

streams, however, in their lower courses tlow, as a rule, to the

north or the south.

The evidence as to the warping of the country along the

Mitcham Axis is not based on the structure of the underlying

rocks. No definite results can be obtained from them. It is

based on the slopes of the ridges to the north and south of

the axis, particularly at Mitcham and Burt's Hill, on the

gradual rise of the axis from west to east, and on the slope

of the country west of Bayswater being towards the east, whilst

some of the streams run westerly, as will be subsequently

noted.

The amount of fall along the ridges has not been deter-

mined ; but those extending from the Mitcham Axis northward

to the Yarra appear to have a gentle slope until the Yarra is

approached, when they dip sharply towards the river, the sharp

dip being clearly due to denudation. It is ditficult however to

see how denudation since uplift could have produced the main

17a
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slopes of the ridges. Moreover, the actual position of the axis

appears to be that of an original water-parting. Were this

due to denudation since the last great uplift, we should expect

much more irregularity in its outline than at present exists.

In addition, differential uplift is indicated bv the formation

of the Croydon Senkungsfeld.

It is possible however that the slopes to the north and south

of the Mitcham Axis may have been formed prior to the last

great uplift, and not disturbed by that movement. This aspect

will be dealt with under the section describing the monadnocks.

of " Pinemont," Croydon Hill and Burt's Hill.

The Slow Uplift of the Nillumbik Peneplain and

the Fopmep Character of the Yarra River.

The last great uplift of the land that took place was the

elevation of the Nillumbik Peneplain. We have seen from the

evidence of the Mitcham Axis and the Brushy Creek and Yarra

Faults and their scarps, that such uplift was differential. The

Yering Gorge furnishes us with evidence that the uplift was

also extremely slow and gradual.

The river here pierces the scarp and hence the gorge. At

its entrance and its exit, the gorge is bounded (on the left side

of the river) by an alluvial flat. Between the two flats, the

scarp descends on to a long, low ridge which steadily rises in a

south-easterly direction. The scarp of the Yarra Fault is here

about 200 feet above the low ridge at its base, and this low

ridge is about 70 feet above the river. Taking a section in a

south-easterly direction, there is first the Yarra Plateau, then

the deep, narrow Yering Gorge, then the fault scarp descend-

ing to a low ridge, and then the latter rising gently towards

the south-east. The plan and section of this part of the

country accompanying this paper illustrate the matter.

It is clear that the river could not have formed the gorge

while the country possessed any resemblance to its present

contour. It is equally clear that if the Yarra Fault Scarp had

been rapidly formed, the river could not have cut the gorge,

but must have taken the then lowest part of the country—viz..
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that at the foot of the scarp on the low ridge above mentioned.

The only feasible explanation is that the \arra here is an

antecedent river, tliat its course, when the Nillumbik Pene-

plain possessed a generally even surface at its base-level of

erosion, was the same as that now occupied by and near the

Yering Gorge, and that the uplift of the peneplain and the for-

mation of the faults were simultaneous; and yet so slow that

in spite of the differential movement tha river held its course,

and cut through the higher country as fast as the latter was

uplifted.

Hence the formation of the Yering Gorge as an entrenched

meander and the revival of the river. Apart from the gorge,

the river occupied the Yarra Senkungsfeld, and so maintained

in the depressed area the features of an old river.

Tlie conformation of the country at the mouth of Brushy

Creek also supports this view. It is at this point that the

scarps of the Brushy Creek and Yarra Faults meet. The Yarra

Fault Scarp here descends steeply, as at the Yering Gorge, to

a low ridge. This ridge forms the right side of the Brushy

Creek valley, and it is comparable to that described at the

Yering Gorge. The top of the scarp is about 200 feet above

the ridge, and the latter is about 50 feet above the river. The

latter a little above its junction with Brushy Creek is bounded

on the right side by the Yai'ra Fault Scarp, and on the left by

an alluvial flat. Instead of cutting through the low ridge and

thence running south along by the Brushy Creek Fault Scarp,

it pierces the Yarra Fault Scarp and its valley becomes a deep

gorge.

Unlike the Yering Gorge, this gorge continues through the

Yarra Plateau to Templestowe.

As Warrandyte is the most central portion of this gorge, it

is convenient to refer to it as the Warrandyte Gorge.

Although antecedent on entering this gorge, it appears doubt-

ful whether the course of the Yarra through the Warrandj'te

Gorge as a whole is the same as that prior to uplift. Great

bends are numerous, and, judged by the maps alone, suggest

entrenched meanders. These would be expected on the slow

uplift of a meandering stream. Close observation however

along the whole length of the gorge shows that these bends
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cannot be regarded as entrenched meanders ; but are normal

bends developed apparently entirely since the uplift. An
attached map shows the present course of the river, and that

initiated at the commencement of the uplift. The initial

course is very straight, and meanders are conspicuous by their

absence. Moreover, each bend is characterised by a long,

gradually descending spur on the inner side of the curve show-

ing that the bend was formed concurrently with the vertical

erosion of the stream. Were the bends entrenched meanders,

we should exjDect a curve carrying on its inner side, first a

broad elevated patch around which the stream originally mean-

dered, and then the long, sloping spur due to concurrent

lateral and vertical erosion ; but in every case the elevated

patch is absent.

The bold bends of this gorge are explicable on the theory of

slow uplift. The elevation was fast enough to allow continuous

vertical erosion ; but at the same time, slow enough to permit

the river to curve extensively. Had the uplift been rapid, and

could the river have adopted the same initial course as that

already referred to in the portion now under discussion, then

it seems fairly certain that the prominent bends so character-

istic here would not have been developed. So far as observed,

there is no evidence in the country drained by the Upper Yarra

and the Dandenong Creek of any pauses or minor subsidences

during the main uplift ; but the purely lateral erosion at the

extreme ends of some of the curves in the Warrandyte Gorge,

as indicated by some alluvial flats, seems to indicate that the

uplift has not continued right to the present time.

The exact position of the old course of the Yarra cannot be

indicated. East of the Brushy Creek it did not apparently

cross the line of the Yarra Fault Scarp (except at the Yering

Gorge), otherwise further gorges would be in evidence. To

the west of the Brushy Creek, its course is antecedent for a

short distance, but beyond that it cannot be distinctly traced.

It is interesting to note how the Yarra River keeps close to

the Yarra Fault Scarp. If the sag of the depressed area were

greatest close to the scarp, as it appears without doubt to be,

then whatever the original course of the stream in the de-

pressed area may have been, as the slope towards the scarp
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Ijecame more pronounced, the stream in the course of its

meanderings would be forced nearer the scarp.

With the reservations mentioned, the observations now re-

corded confirm Prof. Gregory's view that the Yarra is an an-

tecedent and a revived stream.

The broad depression running south through Croydon and

Dandenong suggests at first sight that this may have been the

old course of the Yarra, and that another stream (the present

Yarra west of the Brushy Creek) worked its way eastward and

captured the old river at the mouth of the lirushy Creek.

There appears, however, to be little doubt from the evidence

of the Yering Gorge and the general contour of the country,

that such depression is a true Senkungsfeld, and if this be

admitted, the argument as to the Yarra having originally run

through such depression falls to the ground, because such argu-

ment is naturally based on the assumption that such depres-

sion is river-made.

An interesting conjecture may be made as to what would

have happened had the uplift of the ^'illumbik Peneplain been

rapid instead of gradual, and if at the same time such uplift

had the same differential characters. The ridges forming the

Senkungsfeld descend from Croydon and Lilydale to the north
;

and therefore a considerable lake would have been formed until

drained through at the lowest point of the basin. The slow

uplift however prevented the formation of a lake.

It may be pointed out that Prof. Gregory does not refer to

the Yering Gorge. He remarks that the river turns off into

the hilly country known as the Christmas Hills, and flows in

a deep gorge through them to the" plains near the Plenty

River. This is evidently the Warrandyte Gorge. Had he ob-

served the former gorge, it seems certain from its strong con-

firmation of his views that he would have cited it. It is how-

ever easily missed, imless the river be actuallv followed.

Looked at from a distance—e.g., from near the Brushy Creek

mouth—the river seems to flow uninterruptedly through low

flats and ridges, bounded on its right side by the apparently

unbroken Yarra Fault Scarp.

In passing, attention may be drawn to the fact that al-

though comparatively little known, the Warrandyte Gorge
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possesses some of the most beautiful scenery along the Yarra.

It has a magnificent series of great bends (of which Pound

Bend at Warrandyte is the largest and most impressive), as

well as imposing cliffs, long quiet reaches and numerous

rapids. Abundant vegetation also fringes the river.

It might be argued that the Croydon Senkungsfeld is due

to direct subsidence, and not to differential uplift. This would

imply uplift of the Nillumbik Peneplain as a whole, and then

subsidence of the Senkungsfeld. This subsidence, if folloAving

closely on the uplift, must have been extremely slow—so slow

in fact that the Yarra could erode the Yering Gorge, although

the latter is in the higher country. Had subsidence been

faster than the river erosion, the stream must have been de-

flected to the lower country, and the Yering Gorge Avould not bo

in existence. That the uplift was also slow i.s evidenced by the

great bends of the Yarra in the Warrandyte Gorge.

Moreover, if subsidence occurred, it would not be expected

that a series of ridges and valleys (although of little respective

height and depth), such as are found in the Senkungsfeld, would

be formed ; but rather that an even floor on which alluvium

would accumulate, would result.

Another view might be that the whole country was evenly

uplifted, that the Yarra cut a young valley similar to the

Warrandyte Gorge, throughout its length, and that a recent

rapid subsidence is responsible for the Senkungsfeld. From

this standpoint, the river-bottom (outside the Yering and

Warrandyte Gorges) w^ould be nuich below that of these

gorges ; a long, narrow winding lake would be formed, and the

drainage would be altered. No evidence of the lake, or of its

filling up, or of the diversion of the drainage, has been ob-

tained, and so this view may be dismissed.

Taking the points mentioned into consideration, and also

that direct subsidence means two distinct movements—the up-

lift of the peneplain as a whole and the subsequent depression

of a part—for which there is no evidence ; also that both

movements would be very slow ; and also that the one differen-

tial uplift meets all the facts of the case, there seems no reason

to introduce a second movement, and, therefore, in this paper,

the one movement—differential uplift— is adopted.

i
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The Origin of the Yarra Flats.

These flats are part of the Croydon Senkungsfeld, and their

exphmation follows from the preceding discussion. Differential

and slow uplift, resulting in the river cutting through the

higher land as fast as the latter rises, means slow vertical, and

consequently, strong lateral, erosion in the lower ground.

Thus, wide shallow tributary valleys and extensive alluvial

flats, through which the main river meanders and builds up a

flood plain, are formed.

This has apparently happened in the area in question. Dur-

ing the excavation of the Yering George, the river cut as fast

as the land rose. There has, therefore, been no time for lateral

erosion, and the valley here remains a gorge. In the dejoressed

area above the Yering Gorge, the stream was constantly reach-

ing a temporary base-level, waiting for the erosion of the gorge.

This gave great play to lateral stream erosion and atmospheric

denudation, with the result that the low ridges have been cut

into wide shallow valleys by the sluggish tributaiy streams,

and the Yarra itself in its meandering course has formed the

wide alluvial flats of Yarra Glen, Killara, etc.

The excavation of the Warrandyte Gorge has caused the

same result. The distance however between the exit of the

Yering Gorge and the entrance to the Warrandyte Gorge is

short, so that the effects are on a smaller scale. The broad,

flat-bottomed valley of the Brushy Creek owes its characteris-

tic features to the same cause.

The Antecedent Character of the Dandenong Creek
and Tributaries.

The general characters of the Dandenong Creek have been

described above, and the slight tilting or dip to the east of the

Yarra Plateau in the Dandenong Creek area was referred to.

The Dandenong Creek has generally a southerly direction,

but instead of running south through the lowest part of the

Croydon Senkungsfeld, which would appear to be its natural

course, it passes into the higher country to the west, but

works its way well into the Senkimgsfeld again near Dande-

none:.
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Tlie main upper branch of the Dandenong Creek and the

Blind and Corhanwarrabul Creeks have a westerly course,

which is in opposition to the slope of the country. The upper

parts of the Dandenong Creek are also characterised by the

extensive flats at Bayswater, while lower down-stream, the val-

ley contracts and possesses the normal characters of somewhat

sluggish streams. The same remarks apply to some extent to

the Blind Creek, and apparently also to the Corhanwarrabul

Creek, but as the valley of the latter has not been fully

examined, some reservation must be made with regard to this.

This creek is not so important, as probably almost the whole

of its lower course is within the boundaries of the Senkungs-

feld.

It is difficult to understand how on a rapid uplift such

courses could be formed ; the only explanation appears to

be that the streams are antecedent, and that the ui^lift being

gradual, they were able to maintain their directions notwith-

standing the opposing movement. As they have deepened their

channels, they are also revived streams.

It will be noticed that no tributaries join the Dandenong

Creek from the west, Avhilst those from the east are well de-

velo^Ded. This is explicable, both from the present contour

and from that prior to uplift. The Dandenong Ranges having

a greater rainfall and a considerable area of high land, supply

a fair volume of water to form watercourses, and hence the

growth of the eastern tributaries. To the west of the Dande-

nong Creek, there is little ground not occupied by other drain-

age systems, and the countrj'' is at a low elevation. No tri-

butaries of any consequence can therefore be expected from the

western side.

The Origin of the Bayswater and Scoresby Flats.

The facts set forth as to the contour of the Dandenong Creek

area furnish an explanation of these flats as well as show the

antecedent character of the streams.

Tlie flats referred to occur to the east of the Brushy Creek

Fault Scarp, and towards the eastern end of the gentle tilt

or dip farther south. As previously remarked, the Dande-
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nong Creek and its tributaries kept their cotirses during dif-

ferential uplift. That being so, the upper parts of the

streams in the depressecl ground would reach temporary

base-levels, whilst the lower portions were still vertically-

eroding, and lateral erosion would therefore be active in the

upper parts, tending to form wide alluvial flats and shallow

open valleys. Down-stream the valleys would be more con-

tracted, owing to vertical erosion being for the time the nuiin

occupation of the streams.

Tl)e origin of these flats* may be explained in the following way.

Treating first of those flats near the head of the Dandenong

Creek, which I have referred to as the Bayswater Flats, it is

found that the creek here divides into several branches. The

main stream runs westerly from the Dandenong Ranges. A
branch runs southerly from Croydon, meeting the main stream

at Bayswater. Two other small streams run south-westerly

and north-westerly to the Dandenong Creek at Bayswater.

Each of these small streams has formed rather extensive alluvial

flats, but after they have joined together at Bayswater, the

valley becomes narrower and the wide flats are absent. It is

to the west of Bayswater that the higher land of the Yarra

Plateati occurs, and therefore the explanation that the flats

are due to slow and dift'erentiai uplift seems the most feasible.

In the tributary running from Croydon, the flats are nob so

extensive as those more to the east. Tliis may l^e exfjlained

(at least in part) in the following way :—The Croydon

tributary is short, is in low ground, and has little drainage to

work upon. Hence its denudation will not be very great. The

main stream however of the Dandenong Creek rises in the high

Dandenong Ranges, where there is an abundant rainfall, steep

fall and fair area drained. The result is much greater for-

mation of alluvial flats.

Tlie change from the flats to the more normal type in the

Dandenong Creek is not so marked as in the case of the Yarra.

The transition is more gradual. This appears to be due to a

more gradual change from plateau to Senkungsfeld in the

Dandenong Creek area. A feature that appears to corroborate

the explanation offered of the Bayswater Flats is the higher

and steeper aspect of the right bank of the Dandenong Creek
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as compared with the left. This is well seen where the creek

to the west of Bayswater runs westerly and then southerly.

At Wheeler's Hill, a prominent point on the Fern Tree Gully

Road, and on the western side of the Dandenong Creek, the

ridges on the eastern side are so low compared with this hill

that a fault scarp for a limited distance is here suggested again,

rather than the gentle tilt or dip. This, however, is not clear.

Wheeler's Hill appears to rise some distance above the general

height of the Yarra Pleateau in this locality, and this may

account for the apparent discrepancy.

The Blind Creek has some flats towards its head, and al-

though apparently confirmative of the suggested origin of the

Bayswater and Scoresby Flats, they are hardly distinct enough

compared with the lower portion of the stream to warrant any

definite conclusion being drawn. This indefiniteness may be

due to the head waters of the creek not penetrating (accord-

ing to the current miaps) the Dandenong Ranges, and hence

not gaining that supply of water and force required to form

the flats.

The Corhanwarrabul Creek seems to be a similar case to

that of the main upper portion of the Dandenong Creek, and

the wide flats at Scoresby may probably be explained in the

same way as the Bayswater flats. The Ferny and Monbulk

Creeks (affluents of the Corhanwarrahal Creek) have cut liack

well into the mountains, which have furnished sufficient water

and force to produce the flats. The Corhanwarrabul Creek

valley has not been observed very much, so that stress cannot

be laid on its apparent history.

Once differential movement is allowed during uplift, then, in

addition to the more prominent features determined by such

uplift, minor distinctions may arise, and it is possible thai the

Bayswater and Scoresby Flats are due in part to this cause.

At the same time the explanation given above appears to

meet the facts without any other hypotheses.

There is a depression beween Mitcham and Ringwood.

This was formerly occupied by a branch of the Dandenong

Creek, but as shown by Mr. Thiele (7, p. 103), its head waters

have been captured by tlie Mullum Mullum Creek, and diverted

to the Yarra.



Physiography of Yarra, etc. 493

The Age of the Nillumbik Peneplain.

Dr. Hall (14, p. 64) inclines to the opinion that the tertiary-

sands and gravels of Camberwell and adjacent districts are

of fresh water origin, and of the same age as the marine beds

at Beaumaris, that is, Kalimnan, and with this view the writer

agrees.

These fresh water beds rest upon the surface of the Nillum-

bik Peneplain, and therefore would be deposited in the main

after that portion of the peneplain on which ih.Qj are deposited

had been formed ; it follows that the period of planation of the

peneplain as a whole was during or prior to Kalimnan times.

The uplift of the peneplain probably dates therefore from

late Kalimnan time or its close, and it has continued apparently

to very recent times, with vibrations (to use a graphic term

employed by Mr. E. C. Andrews) at the south-western end of

the peneplain.

The Barwonian and Kalimnan series of rocks are generally

regarded as of eocene and miocene age respectively. Recently

the miocene age for the Jan Jukian, a subdivision of the Bar-

wonian, has received support from an examination of certain

groups of fossils by Mr. F. Chapman (15, p. 311).

The Kalimnan, which are admitted by all authorities to be

younger than the Jan Jukian, will, if Mr. Chapman's views as

to the age of the latter ultimately prevail, have to be removed

to a later period, presumably the older pliocene.

I cannot express any opinion as to the ages of the rocks in

question, from a palaeontological standpoint, but I would point

out that from a physiographic point of view, the more recent

age would be more acceptable ; as, assuming that the Nilliun-

bik Peneplain was completed during Kalimnan times and up-

lift then commenced, the erosion by the Yarra seems little

advanced for a stream working from the close of the miocene

time, especially when the erosion of the lower Yarra since

newer basalt time is considered.

No definite statement however can be made on the point,

and the fossil evidence will of course have ultimately to deter-

mine the question, but where the palaeontology is conflicting

or interpreted by different authorities in different ways, then it
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is well to bear in mind the possible service that physiography

may render.

The Gpowth of the Yappa.

A glance at a map of the Yarra and its tributaries will show

that the present main stream consists of various parts which

have not always formed sections of the principal river of the

area. From the nature and disposition of the rocks and the

general configuration of the countrj^ the growth of the Yarra

would appear to be as outlined below.

As far up stream as Healesville, the Yarra is simple, and

since the inception of the present topography—i.e., since the

formation and uplift of the Nillumbik Peneplain—it has ap-

pai'ently been the main stream. At Healesville there is a

sudden break. From a dii'ection east and west, it changes

to one north and south. Tbe latter is not its natural continua-

tion. The Watts River is really this. Tlie present Yarra from

Healesville to its junction with the Woori Yallock Creek, to-

gether with the latter, was no doubt at one time a tributary,

but as it developed more rapidly than the Watts, the latter be-

came the tributary and the former the principal river.

The reason of such greater development is obvious. The

Watts River had the hard rocks of the dacite and granodiorite

area to the north and north-east of Healesville to erode, and

the Acheron, a strong affluent of the Goulburn, cutting back

towards the Watts through soft silurian strata. Tte southern

tributary of the Yarra had a wide and long area of similar

«ilurian rocks to work upon. Hence erosion here was rapid,

and the stream quickly cut its course backward and sovith-

ward. Tlie present Woori Yallock Creek was one of the upper

arms of this stream, the other being the existing Yarra. east of

the Woori Yallock junction to the Yarra Rivulet (or Little

Yarra) and the latter itself. Most of this second arm is also

in silurian country.

The present Yarra for some distance east of the Yarra

Rivulet would be a weak tributary of this second arm, its

weakness being due to the bar of hard igneous rocks at War-

burton through which it would take long to cut.

J
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Both the arnis referred to ultimately reached in their head

waters large areas of igne»ous rocks (with the exception of a

narrow strip of silurian at the head of one of the branches of

the Woori Yallock Creek, and which has apparently not

favoured the latter, jDrobably on account of a struggle with a

south-tlowing stream). Tbese igneous rocks, from their great

hardness, would act as a check upon the erosive activities of the

Woori Yallock Creek and Yarra Rivulet. Meanwhile the War-

burton tributary was steadily cutting its way between the

dacite and granodiorite of that district. Behind (to the east

of) these igneous rocks was a great area of silurian country,

which if completely tapped, would grea"tly add to the volume

of the stream. Tlie igneous bar at Warburton is very narrow,

compared with the width of the other areas of igneous rocks

in the Yarra Basin. This gave the Warburton tributary an

immense advantage over the other streams that were strug-

gling for the predominant position. The bar was cut through,

leaving the present narrow gorge at Warburton, and the river

then rapidly eroded backwards. AYhile the gorge was being

eroded in the igneous rocks, lateral erosion was proceeding

in the silurian area farther up-stream. This has continued,

until, at the present time, there is the narrow gorge in the

igneous rocks, with the short torrential mountain streams,

whilst up-stream we have the more open valley with long,

well-graded tributary streams.

The Warburton tributary therefore gained such an acces-

sion of strength that it rapidly became the present main

stream, with its outpaced competitors subordinated to it.

The history here outlined probably commenced in the cycle

of erosion prior to that originated since the uplift of the

Xillumbik Peneplain.

Prof. Gregory has suggested that the Acheron and Watts

Rivers were originally one stream, passing through the Beenak

Gap, and that the Acheron part was captured by the Goulburn,

whilst the Watts and its southern continuation were captured

by the Yarra. Tliis question is outside the scope of the present

paper, but it may be remarked that this could only have taken

place when the whole country was at least as high as the

Beenak Gap. This is probably what Prof. Gregory refers to
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when he states that the south-flowing stream passed over the

Beenak Gap probably at a time when the surface of the coun-

try was some 600 feet higher than at present (1, p. 113).

If Prof. Gregory's view be correct, the Yarra would not be the

main stream until the capture of the various north and south

streams mentioned by him. By the time however the Nillum-

bik Peneplain was formed, there could be no doubt that it

was the principal river of the area. The conditions previously

stated would therefore hold good in its future development

;

and I see no reason to doubt that such development was on the

The Influence of Hard Rocks in the Evolution

of the Topography.

The remarks made on the complexity of the Yarra illustrate

this subject very well. A wider comparison is also available,

and may now therefore be discussed. Such discussion, however,

is almost entirely based on the map to be presently referred

to, and not as the result of much personal observation.

It is proposed to compare the Yarra Basin with adjoining

basins, and principally with that of the Upper Goulburn. The

latest geological map of Victoria (a portion of which with

some details omitted and an alteration of the boundaries of the

basins near Mt. Baw Baw, is reproduced) shows, as of course

is well known, that the Main Divide runs east and west, and the

principal streams consequently to the north and south.

Notable exceptions to this general rule are the Yarra and the

upper portion of the Goulburn. These are east and west

streams. It is also to be noticed that as the Main Divide ap-

proaches from the east Mounts Howitt and BuUer, it becomes

forked, the northern prong extending through Mount BuUer,

Tabletop, the Strathbogie Ranges, and thence to Trawool.

The southern prong runs south from Mount Howitt to a little

north of Mount Useful, and thence westward through Mounts

Matlock, Arnold and St. Leonard to Mount Disappointment.

The southern px'ong is the actual Main Divide, and is along

the northern boundary of the Yarra Basin. The Upper Goul-

burn has an opening at its western end connecting with the
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country farther north, thus throwing that basin into that of

the Murray. The term Upper Goulburn Basin is here restricted

to that portion of the general basin, east of Trawool, bounded

by the two prongs mentioned above.

The Yarra and Upper Goulburn Basins are largely bordered

by old igneous rocks (dacites, granodiorites and porphyries),

generally of much greater height than the surrounding coun-

try. These rocks are arranged roughly in three prominent

parallel east and west bauds, a feature which does not occur

elsewhere in Victoria. These bands form respectively the

northern boundary of the Upper Goulburn Basin, the boundary

between the latter basin and that of the Yarra, and the

southern boundary of the Yarra Basin.

It will I think be admitted that the present basins of the

Yarra and Upper Goulburn and their divides are clearly deter-

mined by the outcrops of the igneous rocks mentioned, and

that such basins have been blocked out by differential denu-

dation, as suggested by Prof. Skeats (3, p. 189). Faulting

may possibly have assisted ; but denudation was probably the

chief factor.

Assuming this to be correct, the size and form of the

drainage areas become intelligible. The Yarra Basin is much
smaller than that of the Upper Goulburn Basin, but this is

not due to some mere chance. The hard rocks have deter-

mined the areas, subject to some favourable circumstance in-

creasing one at the expense of the other.

Coming to greater detail, the Yarra Basin is bounded on

the north by the granodiorite of Mt. Disappointment, by

Silurian rocks, and by the great mass- of dacite and grano-

diorite forming Mts. St. Leonard, Arnold, Juliet, etc. The
dacite of the Dandenong Ranges and the granodiorite stretch-

ing eastwards from these hills towards Baw Baw, form the

southern boundary. The igneous rocks of the two boundaries

mentioned are connected by the narrow bar of similar rocks

at Warburton.

The effect of this bar has already been discussed when
treating of the growth of the Yarra, and it seems reasonable

to maintain that had no such bar existed the basin of the

Yarra eastward would probably have been greater in area than

18
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it is at present, especially in view of the short course of the

Yarra to the sea. Tlie bar however retarded denudation, and

enabled the rivers of the adjoining basins to annex territory

that otherwise would have been occupied by the Yarra.

In support of this proposition, attention may be drawn to

the boundaries of the Upper Goulburn Basin, which, except in

the east and south-east are igneous rocks. In the south-east

corner, the basin abuts on to cliose of the Yarra and of the

Thomson. The rocks here and for some distance north and

south are ordovician and silurian sediments, and are prac-

tically homogeneous in character.

A struggle for supremacy (on even terms as regards the

character of the rocks at their head waters) has taken place

between the three basins mentioned ; and, although the Yarra

has the shortest course to the sea, yet its small drainage area

and consequent less rapid erosion, together with the retarda-

tion due to the igneous bar at Warburton, have not enabled

it to contest for territory successfully with the other basins.

The battle has therefore been principally between the Upper

Goulburn and the Thomson Basins.

On present knowledge the line of the original divide in the

district of the head waters of the Goulburn and Thomson

Rivers is unknown, but from the present divide's tortuous course,

it niay be safely asserted that it has been sul)j?cted to much

shifting. It would appear, however, from the general direction

of the divide, that it was, in the district mentioned, much fur-

ther north than at present ; and that by reason of the soft

rocks and the greater drainage area, resulting in the rapid

approach to base-level in its lower portion, and consequently

greater power of erosion in its head water streams, the area

of the Goulburn Basin has been increased at the expense no

doubt of the Thomson and Yarra Basins. "Whatever may

have been the actual history, if a fairly wide band of dacite

and granodiorite had stretched as a bar from Mt. Torbreck

to Mount Buller, part or most of the south-east corner of the

Upper Goulburn Basin may not have been included in such

basin.

The fact that the Thomson and Tanjil Rivers, as shown by

Messrs. Kitson and Baragwanath, Jun. (IG, ]ip. S6 and 87), a{>
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pear to have beheaded tlie upper portions of the Yarra does

not invalidate the conchisions stated as to the cause of the

limitation of the Yarra Basin, but suggests that this basin was

at one time a little larger than at present, but for some pos-

sibly local reason it has been slightly reduced by capture.

Whether the Yarra will extend its territory at its head

waters is difficult to answer. It has the great advantage of

the shortest route to the sea, so that ultimately at any rate its

upper waters should have a greater fall than those of the

Tliomson or the Goulburn. By this means it may possibly

increase its boundaries.

As already noticed, the areas of the basins have been deter-

mined by the positions of the hard old acid igneous rocks

;

and the larger the basins, the greater the volume of water

passing into the main river, and consequently the greater the

vertical erosion of the main river and the headward erosion

of its tributaries. The divides of the smaller basins are thus

generally forced backwards, and such basins contracted, even

in the areas of the igneous rocks. This is especially notice-

able in the southern boundary of the Yarra Basin, and the

northern boundary of the Upper Goulburn Basin.' In the case

of the former, the rivers of the great basin of Gippsland ap-

pear to have forced the divide to the north ; whilst in the

latter, the rivers of the Murray Basin—practically all tribu-

taries of the Goulburn and Ovens Rivers—appear to have

driven the divide almost to the southern edge of the igneous

rocks.

A southward-shifting divide between the Upper Goulburn

and Yarra Basins may explain (unless continued far to the

north) the southerly slopes of the ridges north of the divide,

which Prof. Gregory states there exist, and which slopes may
not necessarily be evidence of old south-flowing streams from

the north.

The Relations of Gapdiner's and Main Creeks.

Gardiner's Creek is a tributary of the Yarra, and enters

that stream south of Hawthorn after following a north-

westerly course. Main Creek runs south-westerly from Black-

18a
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burn until it joins Gardiner's Creek near Murrumbeena. The

two streams at their junction are at right angles to one an-

other. When plotted on a map they do not appear perfectly-

normal to each other. A normal tributary generally joins the

main stream at a more or less acute angle, and if Main Creek

and the creek a little to the west are normal affluents, their

courses would be expected to have a more westerly trend than

their present directions. T'he question therefore arises whether

some changes have not taken place during the development of

the streams.

Tte general slope of the country south of the Mitcham Axis-

is towards the south-west. Main Creek follows this slope until

it reaches Gardiner's Creek, which enters the Yarra at a nor-

mal angle. During its course, Gardiner's Creek cuts througk

the country between Malvern and Camberwell. According to

the contour maps of the Lands Department, the country about

half a mile to the north-east of the East Camberwell railway

station is about 320 feet above sea level. It descends from

here south-westerly to Malvern, whose highest point is about

212 feet above the same base. East of Malvern the countiy

drojjs to 169 feet at Caulfield, 141 feet at Murrumbeena,

and 187 feet at Oakleigh. The latter is the height of the

railway station, but the country rises rapidly to the north-east

and east. This high land also continues south-eastward to-

wards Clayton township, from which a Ioav ridge runs to the

south.

The Caulfield and Murrumbeena country steadily dropa* in a

south-westerly direction to the sea. It has been slightly

eroded by small streams, but the latter have not affected the

general level, which appears to be about that quoted for Caulfield

and Murrumbeena.

Gardiner's Creek therefore passes from the lower country

of Murrumbeena and Caulfield through the higher strip

bounded on one side by Camberwell and on the other by Mal-

vern. This, taken in conjunction with the direction of the

Main Creek, suggests that the present stream disposition has

not always been the same.

The following may have been the history of the streams. As

the Yarra dug its course, a tributary was formed, which cut
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its way baekwards in a south-easterly direction. This is the

jiresent lower (xardiner's Creek. At the same time the Main

Creek ran south-westerly across Murrumbeena, and thence

down to the sea in a southerly or south-westerly direction,

generally speaking. It was joined by the creek farther west,

and, possibly, by a tributary running south-easterly, this

tributary being now part of the present Gardiner's Creek.

The Yarra cut its channel quickly, and so gave a rapid fall

for the short Gardiner's Creek. Main Creek had only a small

drainage area ; its erosion therefore would be much slower than

the Yarra, and the fall would not be so great. Gardiner's

Creek would tend therefore to rapidly cut backward, and

possibly gradually annex the western stream, and ultimately

Main Creek. The old stream south of Murrumbeena woula

thus be beheaded, and its upper waters diverted into the

Yarra instead of into Port Phillip Bay direct. The lower

valley of the old Main Creek would then be too wide for its

drainage, and smaller valleys within the old valley would

originate, some running towards the sea and others to the

present Gardiner's Creek.

That some such series of changes has taken place is pos-

sible, but not certain.

The direction of the present Main Creek, and the creek to

the west, the somewhat depressed country between Oakleigh

and Malvern, and the direction of Gardiner's Creek across the

slope of the country are explained by the suggestion made.

On the other hand, the denudation south of Gardiner's

Creek has been so slight on account of the small drainage area

and the low elevation of the ground that it is difficult to gather

strong evidence of the changes. Another difficulty is Scotch-

man's Creek. Tliis runs north-westerly into Main Creek, near

the junction of the latter with Gardiner's Creek. It is possible

that this was originally a short tributary of the old Main

Creek. After capture of the heads of the latter by Gardiner's

Creek, it offered a favourable channel for the backward erosion

of the latter, and thus perhaps it has grown.

Another difficulty is the course of the Elsternwick Creek.

This runs approximately parallel to Gardiner's Creek, and re-

quires an explanation if the changes suggested have taken
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place. Some favourable local circumstances may have brought

this about.

Again, the elevation of the land in the Upper Yarra district

was, as we have seen, very slow. This no doubt also applied

to the land forming the area now under discussion, and if so,

then Gardiner's Creek and its tributaries may be antecedent

streams, but their directions do not appear normal under

any circumstances.

We thus see that the question has at present to be left an

open one. A more detailed examination of the country than

the writer has been able to make might throAv further light on

the matter, and it is with this idea that the various possibili-

IVl onad nocks.

Scattered about on the Nillumbik Peneplain are various hills

rising above the general level of the peneplain. These repre-

sent the unplaned portions of the latter, and to them Prof. W.

M. Davis has given the name monadnocks. The following

have been recognised by the writer. There are other possible

ones which I have not yet examined, and in addition there

are no doubt further ones in country which I have not yet

traversed. Some of the outlines of these forms are drawn on

an accompanying plate.

Morang Hills.

These have been referred to in the writer's paper on the

Plenty River (6, pp. 164 and 167). They were there suggested

as a monadnock, and from further observations there appears

to be no doubt that they form a true monadnock. Their pre-

servation is due to the core of granite, and the indurated

sedimentary rocks surrounding the granite.

Sugar Loaf Hill {Mont Park), near Heidelberg.

• This is a small hill with its longer axis running north and

south. It has a slightly greater elevation than the surround-

ing peneplain, and its projection is clearly due to the very
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hard rocks of which it is composed. Tlie surrounding rocks

are soft silurian sediments. The geology of this hill presents

some interesting features, and is being worked out by Mr. F.

Chapman and myself.

" Pineniont," Croydon Hill and Burt's Hill.

' Pinemont " and Burt's Hill are on the line of the Mitcham

Axis. This is rather a striking coincidence, but whether

actually climbed, or viewed from a distance, as from near

Kangaroo Ground, they appear to be undoubted monadnocks.

Their occurrence on the Mitcham Axis suggests the possibility

that this axis was perhaps in existence at the time of ujDlift of

the Nillumbik Peneplain, due to being the old water-parting

between the old Yarra and Dandenong Creek Basins. The

antecedent character of these streams would permit of this con-

clusion being drawn, and as the water-parting is generally

least denuded, monadnocks would naturally occur there.

In addition, even when reduced to a peneplain, gentle slopes

on either side of the water-parting would exist, and might be

preserved on uplift. If this be the true history of the case,

then the sviggested tilting to the north and south of the

Mitcham Axis might not hold good. To some extent therefore

this question must be left open.

Mr. Thiele (7, p. 103) has referred to "Pinemont" as a con-

spicuous conical hill rising to about 600 feet above sea level,

and marking the position of the old water parting. This hill

is a conspicuous landmark from many parts of the country.

PerhajDS the best view of it is from the Surrey Hills Reservoir,

from which its residual character is clearly seen. It rises

about 100 feet above the level of the peneplain at its base. It

is difficult to account for the projection of " Pinemont '' from

the nature of its component rocks. These so far as visible are

not appreciably different in their hardness from those of the

surrounding country.

Croydon Hill occurs a little to the south of Burt's Hill.

They both rise about 100 feet above the level of the Nillumbik

Peneplain at their bases. The peneplain is here about 560 feet

above sea-level. Thev are rather elongated conical hills. Their
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exposed rocks are fine-grained, tough sandstones, with some

quartz veins. With the sandstones are no doubt interbedded

shaly rocks. The sandstones in places become almost quartz-

ites, and in the narrow north and south belt, comprising Croy-

don and Burt's Hills and the " Kopje," the rocks seem some-

what more resistant than elsewhere. The greater difficulty in

the removal of these hard rocks may therefore account for

the monadnocks mentioned.

The ''Kopje."

This is an isolated hill on the Nillumbik Peneplain, just west

of the Brushy Creek Scarp, and close to the Canterbury-road.

It is clearly a monadnock, and it sweeps up to a height of pro-

bably nearly 100 feet above the surrounding peneplain as a

small but bold cone.

A most instructive section can be obtained here. Taking a

traverse from the west of the " Kopje ' we have first the Nil-

lumbik Peneplain, then this monadnock, then the peneplain

again for a short distance to the Brushy Creek Fault, where

the Nillumbik Peneplain is thrown down about 85 feet. Far-

ther east at a lower level again is the alluvial flat, through

which a tributary of the Dandenong Creek meanders. Thus

there are four distinct levels of country, the explanation of

which may be inferred from the earlier part of this paper.

Kangaroo Ground.

This high ground is due to a small patch of basalt, which is

generally regarded as older basalt. This and that capping the

hills at Greensborough will be dealt with in another paper.

The basalt at Kangaroo Ground rises well above the general

peneplain of the sedimentary silurian rocks (the Nillumbik

Peneplain) ; such elevation appears to be due to the basalt

having been erupted before the formation of the peneplain,

and having largely resisted the general planation by reason of

its superior hardness.

The Kangaroo Ground therefore forms a true monadnock,

although somewhat dissected.
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At the south-western end of the basalt, and just south of the

main road, a sharp cone of sihirian rocks rises some height

above the peneplain. It is also higher than the basalt

abutting, but the latter is somewhat denuded here. This hill

is also a monadnock.

Lilydale Basalf, <iii.d (JiKtrtzites.

These are apparently monadnocks on the Nillumbik Pene-

plain, which is here in the Croydon fcienkungsfeld ; but they

have not been sufficiently examined to be adequately discussed.

Warramate Hills.

These occur about two miles to the nort-west of Killara

railway station. They are marked on the parish map of

Cruyere. The two chief hills are Briarty's Hill (an old Trig,

.station) and Steel's Hill.

At Killara the Wandin Yallock Creek enters the wide flats

through which the Woori Yallock Creek and Yarra River wind

towards Healesville. West of Killara the Wandin Yallock

Creek is in a compai'atively narrow valley, with well-defined

sides. From the top of this valley the country is seen stretch-

ing away to the south-east, south and west as a fairly even,

but dissected surface. ^ From this surface a ridge runs north-

ward, steadily rising, and stretches out as an elevated tongue

bounded on the north, east and west by much lower land. This

ridge forms the Warramate Hills. At Briarty's Hill the ridge

rises rather abruptly, the height of this hill being according

to an aneroid reading about 1400 feet above sea-level, and

about 1100 feet above the alluvial flats at Killara. A little

to the north of Briarty's Hill is Steel's Hill, which does not

appear to be so high, and from Steel's Hill there is apparently

an abrupt descent. The Warramate Hills form a prominent

feature in the landscape from various points of view.

The exposed rocks of Briarty's Hill are moderately tough

sandstones, with abundant quartz in parts. There seems no

reason why they should specially resist denudation, so as to

1 Whether this surface is part of the Nilhiinbik I'etieplaiii, or not, I cannot say, as its

relations have not been determined.
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project to the height that they do above the phiteau country

to the south.

I can, however, at present assign no other cause to the pro-

minence of the Warramate Hills, which may therefore tenta-

tively be regarded as a gigantic (in comparison with others in

the Yarra Basin) monadnock.

Subsequent research may determine that these hills are due

to strong faiilting of the adjacent country in times prior to the

formation of the Nillumbik Peneplain ; or they may for some

unknown reason be the residuals of one or more peneplains.

More measurements and wider observations are necessary

before coming to any conclusions as to the existence of pene-

plains above the Nillumbik Peneplain, and below that sug-

gested by Prof. Skeats as on tlie tops of the dacite masses referred

to by him ; but it may be pointed out that the Morang Hills,

" Pinemont," Burt's and Croydon Hills, and the " Kopje

"

appear to be at about the same height (somewhere about 100

feet) above the Nillumbik Peneplain. This strongly suggests

that another peneplain existed at this level. The height of the

Divide just to the east of Mt. Disappointment is about 1700

feet. The Warramate Hills are about 1400 feet. Connecting

these two points, a third possible peneplain below the tops of

the dacite rocks suggests itself.

View-Points.

A few remarks on these may not be out of place. All the

monadnocks mentioned, as would be expected, constitute ex-

cellent points for observation of the surrounding country.

Close to Melbourne, Sugar Loaf Hill offers a very fine pano-

ramic view.

At Kangaroo Ground, in the basalt country. Garden Hill

occurs. This is on the main road to Christmas Hills, a little

east of where the latter road diverges from the Queenstown

road. This hill and the adjacent basalt are almost destitute

of trees, and as the basalt is well above the surrounding

country, an excellent view of the latter is obtained. There

is no interruption in any direction for many miles. It is from

here that the general charactei- of the Yarra Plateau is well seen.
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Another fine view-point is Beur's Sugar Loaf, north of

Arthur's Creek township. From the latter place, it has the

appearance of a gigantic pyramid, due to its ridge-like charac-

ter and sharp truncation at its southern side. Perhaps from

this hill the finest view is obtained of the actual Main Divide.

The configuration of the latter, with its numerous branching

gullies seaming its sides, is very distinct.

The higher view-points, such as Mount Dandenong, Malle-

son's Lookout, Mount Toole-be-wong and others, need not be

more than mentioned as they are so well known, but most of

those referred to above do not appear to be much visited, al-

though to the lover of scenery, they offer many attractions.

It might be mentioned that surmounting " Pinemont,''

Burt's Hill, and the " Kopje " are private houses. Permission

should therefore be obtained to ascend these hills.

Rapids and Small Islands, and their Relations.

In the Warrandyte Gorge numerous rapids occur. Rapids

are, as is well known, usually found in a stream, or a parti-

cular part of a stream that has not reached its grade. Streams

of this nature are generally, in the language of geographers,

" young," and the portion of the Yarra referred to possesses

this characteristic. Thie valley is narrow and steep, and its

bed rocky and uneven. The projecting hard rocks on the river

bottom are the cause of the rapids.

These hard rocks are generally bands of sandstone which are

interbedded with the softer shales. They are of silurian age,

and are inclined at the moderately high angle characteristic of

the silurian rocks around Melbourne. The sandstone bands

are therefore parallel to the general strike of the rocks, and,

as the river is constantly changing its course, the bands of

hard rock, and consequently the rapids, occur at all angles

to the actual direction of the river in any particular place.

As the river reaches its grade, these rapids will disappear.

Tlie river below Templestowe is fairly well graded, and rapids

are generally absent.

In the same part of the river as the rapids, numerous small

islands occur. They vary in size from tiny ones about a yard
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in diameter to those 20 or 30 yards long. Like the rapids

they are rare below Templestowe, and this fact immediately

suggests a connection between these small islands and the

nature of the valley in Avhich they occur. In addition, they

are found to be almost constantly associated with the rapids,

and observation proves that this is not merely a coincidence,

but that the cause of the rapid is also the cause of the island.

The hard rocks which form the rapids tend to project above

the softer rocks, and also, at low water, above the level of the

stream. These projections on their up-stream side arrest por-

tions of the gravel sand and silt carried along by the stream.

Boughs and trunks of trees floating down the I'iver are also

at times caught by the same obstacles.

The rock projections, assisted by the stranded trunks and

boughs, when present, cause silting up in a small way, and a

miniature island may be formed. ^ Vegetation of some kind will

soon spnng up, and if a strong plant such as a young shrub or

tussocky grass takes root, it will increase the resisting power

of the embryo island. Should the conditions continue favour-

able, the island increases in size and vegetation becomes

stronger, until trees of moderate height, shrubs, and dense

undergrowth often cover the soil and bind it firmly together.

The island thus becomes able to withstand the river, even

in the winter, and becomes a definite feature of the stream.

Islands in all stages of growth, from the single tussock of

coarse wiry grass growing in the river, to the large island with

tall trees and dense undergrowth, can be seen in the portion

of the Yarra now referred to.

The formation of the island of course divides the stream into

two parts, with the result that when passing the island its

volume, in proportion to its space, is increased, and conse-

quently its velocity also. The vertical erosive power of the

stream is thereby accelerated, and the exposed parts of the

rapids are more cpiickly planed down than they would be

without the island. At length a temporary or permanent

grade is reached, and vertical erosion ceases. Lateral erosion

1 Small islands can of course be formed by obstacles in places other than at rapids, hut

the latter would appear generally the most favourable position and certainly are so in the

part of the Yarra here dealt with.
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takes its place, and by this means the island is gradually re-

moved, and the rocks beneath are reduced to the general level.

If a temporary grade has been reached, the same process may
take place several times, until the stream arrives at a perma-

nent grade, when the islands finally disappear. Hence the

absence of islands in the lower well-graded parts of the

Yarra is accounted for.

In well graded streams however, as in the Yarra near

Heidelberg, numerous trunks and boughs of trees collect. At

first sight, this fact would appear to be favourable to the for-

mation of snuill islands, but the latter are rarely present.

The explanation is apparently that a trunk or bough of a

tree does not usually offer the continuous bar across the sti'eam

as a whole or in part that a band of rock does. The latter

retains the silt and sand collected, whilst the former, owing to

its generally tilted, uneven and often movable jjosition, allows

the current to wash around it, and so remove the material that

might otherwise have formed an island.

An interesting eixample, however, of the formation of an

island through driftw^ood was recorded in the " Age " news-

paper on the 20th of April last. This occurred at Watts Gulch,

in the Snowy River, below Orbost. The island " appears to

have found a beginning in some floating debris which lodged

against an embedded log at very low water. It grew gradually

in magnitude with fresh accumulations of silt and debris, and

is now covered wdth a prolific growth of vegetation, including

scrub and grass, binding the soil into a compact mass. An-

other small island has since grown up under similar condi-

tions." The channel was becoming blocked, and the Govern-

ment agreed to expend £200 in removing the islands.

The islands in the Warrandyte Gorge grow faster in the

directions parallel to the stream than across it. This is

obviously due to the river keeping for itself on each side of

the island as wide a passage as possible, and is somewhat

analogous to silt jetties in lakes.

The formation of islands nmst also deflect the stream in

places, causing it at times to impinge on one bank more than

it otherwise would do, and thus tending to increase the curves

of a stream. Tlie course of the river is often directly influenced
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by the island becoming attached to the ".' mainland "—that is,

to one side of the valley. Actual examples of growing and of

completed attachment may be seen in the Yarra above War-

randyte. If the island happens to be fairly close to one side

of the stream, drift wood soon collects in quantity in the

narrow channel. The cun-ent becomes checked, silt is de-

posited, and the island gradually becomes tied to the main-

land, forming a strip of alluvial land with dense vegetation.

A certain portion of the river is therefore diverted, and natu-

rally, other conditions being suitable, the stream tends to cut

into the opposite bank and form a curve. This curve may in-

fluence the whole course of the river down-stream.

The writer is not aware that the connection here noted be-

tween rapids and small islands in rivers, has been hitherto

recorded.

Differential Pot-Hole Erosion.

In most text books of geology and physiography, the forma-

tion of pot-holes in the beds of streams is described, and their

effect in the general erosion of the valley noticed. The writer

has not, however, seen it distinctly stated^ that this mode of

erosion possesses a selective action, although this is perhaps

implied in the general statement that hard rocks resist the

denuding agents much more eft"ectually than soft ones. As

an actual illustration of such action has been observed, the

following remarks may be of some general as well as of local

interest.

TTie example referred to occurs in a small outcrop in the

bed of the Mullum Mullum or Deep Creek, at a point imme-

diately to the north of the Deep Creek Road, which meets the

stream just after its pronounced swing round from the south-

west to the north-west, near Ringwood. The rocks consist

mainly of shales of medium toughness in beds from three or

four inches to about three feet in thickness. Interbedded with

these are bands, from one inch to three inches thick, of hard

micaceous sandstone. The strike of the rocks is approximately

1 The nearest ai)proach is in K. S. Tarr's " New Pliysioal Geography" (190f)), which

contains a photograph of cascades falling (presumably over hard rocks), and excavating

pot-holes in shale*. The two cases however are not ([uite parallel.
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at right angles to the direction of flow of the stream at the

particular part in question, and the dip is westerly at 60 deg.

Numerous pot-holes occur for a distance of about 30 feet along

the stream-bed. Simple holes are generally roughly circular

in outline, and vary from about three inches to over a foot in

diameter (this measurement often being directly proportional

to the width of the shaly beds), with an average depth of about

six or eight inches. In places the holes have coalesced to form

compound ones, the largest of which is about four feet in

longer and two feet in shorter diameter, with a depth of about

two feet. The holes are mostly confined to the shales even

where two thin sandstone bands are within a few inches of one

another. The softer rocks (the shales) have been selected, and

the sandstones have generally resisted enci'oachment, with the

result that the enlargement and union of holes have taken

place jiarallel to the sandstone bands. The compound holes

are often therefore narrow and elongated, and together with

the simple ones are generally arranged in rows parallel to the

strike of the rocks. In some instances the sandstones have

been pierced both by simple and compound holes, but where

the diameters are uneqiuil, the longer one follows the line of

least resistance, which is in the direction of the strike of the

rocks.

There is another aspect of some interest. The height of the

sandstones on the floor of the stream determines its general

level of erosion, and hence the deepening of pot-holes in the

shales does not directly lower the general surface of the

stream-bed. Indirectly however, the erosion of the shales has-

tens that of the sandstones, and consequently the floor of the

stream as a whole in the following manner. At low water, the

sandstones project as bars above the water, which occupies the

hollows in the shales. The sandstones thus become greater

targets for the atmospheric agents of frost, rain and changes

of temperature, than if they formed one nearly dead level.

In the same way at high water and flood time, the sand and

gravel carried along the stream bed, have a greater surface of

sandstone to abrade than if the floor of the creek were level,

notwithstanding that the hollows become partly filled with

gravel, sand and other debris.
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Summary.

The Nilluinbik Peneplain, consisting of an elevated area

—

the Yarra Plateau—and a depressed area—the Croydon Sen-

kungsfeld—is described and its age discussed.

The Croydon Senkungsfeld is shown to be a fault-block,

bounded mainly by faults and their scarps. The faults traced

are the Brushy Creek Fault, the Yarra Fault, and a probable

fault named the Dandenong Fault. The latter has a length

of nearly fifty miles, whilst the Brushy Creek Fault is traceable

by its scarp for about eight miles, and the Y^arra Fault simi-

larly for about nine miles.

The uplift of the Nillumbik Peneplain was both slow and

differential. It was so gradual that the Y^arra was able to cut

deep gorges—the Y'ering and Warrandyte Gorges—as fast as

the land rose. The differential movement accounts for the

Croydon iSenkungsfeld, which is a relative and not an abso-

lute depression.

The Y^arra and Dandenong Creek Basins are divided by a

line of elevated country—the Mitcham Axis—which is in part

at least due to crustal movement.

The Yarra River is in a certain portion clearly antecedent

to the present topography, and in its course through the

Yering Gorge and part of the long Warrandyte Gorge is a revived

stream.

The Yarra Flats and low adjacent country are primarily due

to being part of the Croydon Senkungsfeld, through which ver-

tical erosion almost ceased while the Y^ering and Warrandyte

Gorges were being excavated, but lateral erosion was active.

The Yering Gotge is an isolated gorge of the Yarra, and is

extremely valuable for the light it throws on the physiography

of the whole district.

The Dandenong Creek and its principal tributaries are

antecedent and revived streams.

The Bayswater and Scoresby Flats are within the Croydon

Senkungsfeld, and l^elong to the Dandenong Creek Basin. Their

origin is due to causes acting similarly to those which have

caused the Yarra Flats.'
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A valley, t'oriiiint^ part of the Croydon Senkungsfeld, stretches

from the Yarra, throu<rh Croydon, Dandenong, the Carruin

Swamp, and probably under the waters of Port Phillip Bay,

as far as Dromana.

Tlie composite nature and the growth of the Yarra are in-

dicated.

Tlie intluence of the great masses of acid igneous rocks in

the evolution of the topography is discussed, and a comparison

made between the Upper Goulburn and Yarra Basins.

Gardiner's and Main Creeks are referred to, and the possi-

bility of originally being di.stitict streams with their subsequent

history is referred to.

Some monadnocks and view-points are described, and the

possibility of peneplains older than the Nillumbik Peneplain

is suggested.

The existence of rapids and small islands in the Warrandyte

Gorge is noticed, and their relations stated.

An example of differential pot-hole erosion is given.

A list of the literature referred to is tabulated.

In conclusion, I desire to thank Prof. Skeats, Mr. F. Chap-

man, Dr. T. S. Hall and Mr. Griffith Taylor (now of the British

Antarctic Expedition), for advice and helpful discussion on

various points connected with this paper.
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EXPLANATION OF PLATES.

Plate LXXXVL

Sketch map of the Yarra River and Dandenong Creek Basins,

compiled chiefly from the county map of Evelyn ; with

section. The diagonal lines in the latter are used for

shading only, and do not indicate the nature or position

of the rocks.

Plate LXXXVIL

Outline of portion of the Yarra River east of Templestowe,

showing the present and initial courses of the river,

since the uplift of the Nillumbik Peneplain.

Plate LXXXVIII.

Plan and section of the Yering Gorge. The datum line in the

section is sea-level.

Plate LXIX.

Geological map of the Yarra and Upper Goulburn Basins, taken

from the geological map of Victoria, published in 1909

by the Mines Department. All recent, postpliocene,

newer and older pliocene^ as well as some small outcrops

of other rocks, have been omitted.

Plate XC.
^

Outlines of Monadnocks.

Fig. 1. Looking south from Kangaroo Ground.

Fig. 2. Looking north-west from the same place.

Fig. 3. From the east.

Fig. 4r. Looking east from Kangaroo Ground.
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Introduction.

The area dealt with in this paper, as shown on one of the

accompanying maps, consists of the whole or parts of the

Parishes of Nillumbik, Sutton, Warrandyte, Ringwood, Bulleen

and Nunawading, and is on a very rough approximation about

130 square miles. The greater portion of this district has

been the subject of detailed mapping by the writer. The

observations recorded and the conclusions drawn in this paper

are based on this work, and therefore it will be understood

that although from considerations of space the details cannot

be shown on the attached maps, almost the whole of the

available evidence has been obtained.

As some time must elapse before the detailed survey can be

completed, and before the fossils collected and to be collected

can be determined, the results to date are now brought for-

ward.

It is hoped that the detailed map will be published later,

and that suflficient palaeontological evidence may then have

been obtained to adequately discuss the stratigraphy of the

area.

The rocks of the district are mainly silurian sediments, and

it is with them only that this paper is concerned. Some of

the other formations will be considered in a separate paper

;

and the physiography is being similarly treated. It is suffi-

cient here to state that the silurian rocks form a moderately

dissected peneplain a few hundred feet above sea-level. The

roughest ground is perhaps at Warrandyte.

Over a considerable portion of the country south of the

Yarra, I have had the great advantage of the excellent topo-

graphical map prepared in 1893 by Mr. R. A. Moon. Apart

from this map, one has to rely on the parish maps, which, for

detailed geological work, are very insufl&cient; and where a

series of observations has to be definitely located, rough sur-

veys must be made. This was my experience in connection

with the Warrandyte goldfield, which is mainly outside the

boundaries of Mr. Moon's map. A comparison of the physical

features shown on the attached Warrand}'te goldfield map to

the north and the south of the Yarra, shows the poverty of in-
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formation on the parish map and the completeness of Mr.

Moon's.

The necessity of more accurate topographical maps being

prepared requires emphasis, as no entirely satisfactory detailed

geological work can be done without much more correct and

more complete maps. The various parish maps do not always

fit together, and in compiling a larger map one has to take

the mean of the discrepancies.

Previous Literature.

In 1855-56 Selwyn (1) examined the basin of the Yarra as

far as where Warburton is now located, and showed that the

bulk of the sedimentary rocks were palaeozoic (silurian), that

they had been thrown into a series of anticlines and synclines,

that auriferous quartz veins occurred, and that a conglomerate

and breccia (both fossiliferous) were found at Andersons

Cl"eek. His estimate of the thickness and relative age of the

various beds will be mentioned subsequently in treating those

subjects. The remarkable map accompanying Selwyn's report

will always be the basis for all future work in the Yarra Basin.

In 1855 William Blandowski (2) briefly described and figured

some fossils from Anderson's Creek.

In 1866 Selwyn (3, p. 12) referred again to the fossiliferous

breccias. The geological sketch section accompanying his re-

poi't showed the silurian beds from Yan Yean to Mt. Juliet

folded into a succession of anticlines and synclines.

In 1893 Mr. R. A. Moon (4) made a topographical and

geological survey of a large area of the country to the south

of Wari'andyte, which is included in this report. From a

topographical standpoint this map is of great value. Every

gully and every hill and ridge are shown with great accui'acy,

and in traversing the country I could fix any position with the

utmost precision. Mr. Moon's available time was evidently so

absorbed with the topographical work, and with indicating

quartz reefs, that he was not able to deal much with the

general geology. No serious attempt was made to grapple

with the structure of the district (although he indicated a

probable Hue of anticlinal from Tunstall to near Warrandyte,
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with anotlier short anticlinal line, and various dykes) ; and

sections that required care and time to correctly determine

were (wisely, I think, under the circumstances) omitted. In

addition, since the issue of the map nianj- more road and

quarry sections have probably become available. Many sec-

tions, however, that could easily be missed were recorded by

Mr. Moon, and it is a pleasure to acknowledge my indebtedness

to him in this direction, and for the topography.

In 1894 Mr. K. A. F. Murray (5) reported on a brief inspec-

tion of Panton Hill, Queenstown, and other localities, and re-

ferred to the anticlinal fold along which at Warrandyte and

Anderson's Creek, the principal gold discoveries had been made.

In 1895 Mr. James Stirling (6) briefly reported on the

parishes of Warrandyte, Nillumbik, Greensborough and Queens-

town, which had been rapidly surveyed by Mr. 0. A. L. White-

law. Some sketch geological maps were issued, but the parish

of Warrandyte was not included.

In 1896 Mr. Murray (7) reported briefly on the reefs at War-

randyte, and on an auriferous dyke on the south side of the

Yarra.

In 1898 Mr. Walter Forbes (8) showed that the Warrandyte

mining belt of country formed a series of anticlines and syn-

clines, which he represented by map and section. He men-

tioned that bands of conglomerate were noticeable, referred to

two auriferous dykes, and gave particulars of the strike, thick-

ness, yields, etc., of the reefs. He also drew a section across

the goldfleld showing the numerous folds, but without reference

to the structure of the surrounding country.

In 1902, Professor Gregory (9), in subdividing the silurian

rocks of Victoria into the Melbournian and Yeringian series,

referred to a great anticlinal, which he called the Warrandyte

anticlinal, the axis of which passed through Warrandyte. He
stated that along this axis was a line of contortions and faults

(the ' Warrandyte Fracture Zone ''), along which a series of

auriferous quartz reefs occurred. He classifled the beds form-

ing the Warrandyte Anticlinal as of Melbournian age (lb. flg.

5, Plate XXV.).

In 1905 Mr. E. J. Dunn (10) reported on the Caledonia Gold

Mine, with brief references to other reefs.
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In 1907 Mr. A. M. Howitt (11) reported briefly on some reefs

at Warrandyte, and noted a fossiliferous locality, and a basic

dyke.

The Silupian Rocks of the District generally.

(a) Area.

With the exception of the older basalt at the Kangaroo

Ground and some tertiary gravels, silurian rocks occupy the

whole of the country here dealt with.

(b) Petrology.

The rocks of the district show little variation in lithological

character. They consist mainly of shales with sandstones of

varying degrees of coarseness. The shales are perhaps the most

predominant. Throughout wide areas they are thick-bedded

and massively jointed, as well as extremely rubbly. Bands of

sandstone, generally from 3 to 12 inches thick, are sparsely

interbedded with them. Occasionally sandstone bands up to 6

or 8 feet in thickness are met with ; but they, as well as con-

tinuous sections of the same rock, are rare. Mica (generally

muscovite) is extremely common in both the shales and sand-

stones, but in the latter rocks the flakes are larger, and there-

fore more noticeable. Many of the shaly rocks are when unde-

composed, moderately tough, but on exposure they soon soften

and break up.

The sandstones have been so silicified in places as almost

to have become quartzites. Almost the only rocks that can be

called quartzites occur in a narrow band of rocks running from

the " Kopje," through Burt's Hill, and along the western side

of Brushy Creek. Silicification has occurred all along this line,

but only in parts have true quartzites been produced. The

grains of the rocks in this band are finer than in. most sand-

stones elsewhere met with. Slates are almost wholly absent

from the district.

In the immediate neighbourhood of Warrandyte, conglome-

rates, grits and coarse sandstones are associated with the shales.

The coarse-grained rocks outcrop oh the ridges and slopes, par-
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ticularly at Fourth Hill, a long ridge forming the crown of the

main anticlinal fold of the district, along the axis of which

most of the principal quartz reefs occur. An erroneous impres-

sion is likely to be obtained that these coarse-grained rocks are

the predominant ones ; but a careful inspection of the country

and a glance at the mining dumps show that the shales and

sandstones are by far the most common. Dr. T. S. Hall (12,

p. 58) has referred to a somewhat similar instance at Castle-

niaine, although there is little accumulation of loose blocks in

the valleys at Warrandyte. The coarser-grained rocks how-

ever, where they form a moderate proportion of the strata,

largely determine the rate of denudation of the hills.

The conglomerates and grits vary in thickness from a few

inches to about 12 feet. With one exception they cannot on

the surface be traced more than about 100 yards, and usually

less than that. In most cases they seem to pass rapidly into

sandstones and shales, both along their line of strike, and in

their vertical succession. Alternating sections are common.

The rocks vary from fine grits to conglomerates, containing

pebbles up to 3 or 4 inches in diameter. In the coarser rocks

the pebbles are w^ell rounded and water-worn. In the grits they

are angular, and appear to have travelled little distance. The

pebbles are of quartz, quartzite, sandstone, and flint or chert,

quartzites perhaps being as abundant as any rock. Most of

these rocks, as well as some sandstones and shales, are cal-

careous ; but much of the lime has been leached out. The

conglomerates are in places exceedingly tough ; and project

in boulders above the surface of the ground. Others are soft

and friable, and wotild not be noticeable except for artificial

sections. <.^uartz veins occur, but usually about ^ or ^ of an

inch thick, and in the hardest conglomerate are almost absent.

The only conglomerate that can be traced any distance is one

seen in section in Whipstick Gully, near the Victory mine. It

is here abotit 12 feet thick, and is a tough, dense grey rock

when fresh. It differs from most conglomerates of the district

in having comparatively few, but always well-rounded, pebbles

set in a fine matrix. This, and its mode of weathering into

large boulders, enable it to be readily traced. It is found on

both sides of Whipstick Tiully and of Anderson's Creek. Its
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distribution will be dealt with when treating of the geological

structure. Almost all the coarser-grained rocks are fossiliferous

(c) Geological Structure.

Folds.—The principal structural features are the anticlines

and synclines, into which the whole of the silurian rocks of the

district have been thrown. There are great folds which embrace

a wide area, and which can be traced along the strike of the

rocks considerable distances. Sometimes they give place to

smaller but more numerous folds. The main anticlinal lines at

times bear on their crests smaller folds, which in some instances

are not very much compressed, the legs being at moderate

angles ; in other cases the pressure has been so great that

the legs are almost vertical, but no example of inversion has

been observed. The minor folds seem to soon run out along

the strike of the rocks. Where there is a main anticlinal fold,

with numerous smaller ones on its crest, fracture of the rocks,

as would be expected, has taken place, and so channels have

been opened for the deposition of quartz, gold and other

minerals. The generally short courses of the subsidiary folds

probably account for the restriction of quartz reefs in a

meridional direction. The general strike of the rocks would

average about 15 deg. east of north.

Treating the folds in more detail, a traverse from Temple-

stowe through Warrandyte to the north of Croydon shows that

at Templestowe an anticline, which, in its principal or sub-

sidiary folds, has been traced south to the Koonung Ivoonung

Creek, and north to the northern boundary of the parish of

Nillumbik (crossing the Diamond Creek to the south of the

township of that name), a distance of nine miles. At Temple-

stowe two sharp minor anticlines occur, which may be regarded

as folds in the nuiin axis. The reef containing gold and anti-

mony, that has been worked at Templestowe with unfortunately,

(in recent times at least), non-payable results, probably occurs

on one of the minor anticlinal folds. The western limb of the

anticline is much contorted in places, as may be seen on the

main road between the Plenty River and Eltham, and on the

Eltham railway line. The anticline here described may con-

veniently be i-eferred to as the Templestowe Anticline.
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The next fold to the east is that of the great syncline, whose

axis crosses the Yarra River between the Diamond and Mullinn

MuUum Creeks. It has been traced for the same distance and

l)et.ween the same boundaries as the Templestowe Anticline.

This structural feature has been named the Bulleen Syncline.

from the parish in which it is so well developed. It is a broad

fold, having a great thickness of rocks developed in its septa,

particularly the eastern one. From the axial line, the westerly

dip can be traced right into Warrandyte township, a distance of

four miles in a straight line. This septum forms the western

leg of the next great anticlinal fold, that already known as the

Warrandyte Anticline.

This fold consists of one great arch, with five minor anticlines

and four minor synclines on its crown at Warrandyte. In this

district it is a geanticline, but this feature is not retained either

to the north or to the south. These minor folds comprise Pro-

fessor Gregory's "Warrandyte Fracture Zone," and scarcely

extend beyond Anderson's Creek, Parson's Gully and the Yarra,

except where one becomes the main axis to the north or the

south.

The eastern leg of the Warrandyte Anticline has been traced

with a regular easterly dip from Warrandyte south-easterly to

a little to the north of Ci'oydon, a distance of about .3|^ miles
;

and may possibly extend farther eastward. In this limb the

amount of dip keeps fairly constant ; but in the western leg,

minor puckers and nearly horizontal strata occur, which indicate

lateral pressure of insufficient strength to form more folds.

At Melbourne Hill, near Warrandyte, on the old main road, and

on the main Warrandyte-road, just "east of Newnuan's-road,

miniature anticlines and synclines, and strata of low dip are

exposed. Rocks nearly horizontal also occur along the Yarra

west of Pound Bend, and in a series of quarries along Ruffley's

Creek. Tliese features however do not affect the general wes-

terly dip. The eastern limb of the Warrandyte Anticline is

generally of higher dip than the western in the locality under

consideration. The latter would perhaps average about 40 deg.

and the former about 60 deg. This would tend to incline the

axis to the west, which is what actually occurs at the Cale-

donia Mine, accordinjr to the survevs of the mine.
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The Warrandyte Anticline extends, so far as my observa-

tions go, from Tunstall to the north-east corner of the Nillum-

bik Parish at Watson's Creek, a distance of twelve miles ; but

it does not consist of one unbroken axial line, nor does it retain

the great thickness of its septa, which, as already stated, exists

to the east and west of the axis at Warrandyte.

Taking the minor folds of the crown of the anticline from

their western side, the first and second anticlines are the only

folds that can be traced any distance to the north or the south
;

and these really constitute the main axis of the great arch. Tlie

second one, which carries the main line of gold workings at

Warrandyte, may be followed to Tlmstall, where it becomes one

of several normal folds. Northerly it crosses the Yarra to the

west of the island, and is traceable further north to the large

bend in the Yarra near the Caledonia Mine. Here it may be

thrown to the east by a fault, and if so, as shown on the map,

its further course is short and it dies out altogether.

The main axial line of the Warrandyte Anticline appears to

be continued to the north in the first minor anticline. This

commences a little south of the Yarra, and has been traced to

Watson's Creek at the north-west corner of Nillumbik Parish.

Its fui'ther extension has not been observed. From being a

minor fold at Warrandyte, it rapidly becomes a great anticline,

which does not however retain its geanticlinal features, nor

the great thickness of both limbs, as the section along the line

AB of the map' of the whole area shows. Between the axis of

this anticline and that of the Bulleen Syncline, a normal syn-

cline and anticline occur. The eastern limb has a thickness of

about 8000 feet, and its limit has not yet been determined.

This limb is disclosed in two splendid sections, about one mile

and one and a quarter miles in respective lengths, along the

Maroondah Aqueduct. The gap between these sections is filled

bv the dips available at Watson's Creek, and thus a practically

continuous section about three miles in length is obtained.

This section is remarkable for the great regularity and un-

broken character of the strata. This feature is ajDplicable to

the limbs of the folds in the district generally. Intense squeez-

ing has taken place fairly often, but it is as a rule restricted

to the axial lines, and generally to the anticlines. From casual
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observation, it might be tliought that the strueture was often

hopelessly tangled, but detailed examination proves that this is

not so. The other minor folds of the Warrandyte Anticline are

short and restricted to the vicinity of Warrandyte. The dips

along the line of dyke east of the Caledonia, and also of the

country further east, are all easterly with generallv a north-

westerly strike, thus converging towards tlie strike of the axis

of the second minor anticline. On the northern bank of the

Yarra opposite the Caledonia Mine, the dips are not too clear,

but so far as they go, the two converging lines of strike have

met here to form a single fold, with the minor folds to the

south and east cut out. This single fold is apparently faulted

to the east ; it then runs north-easterly for a short distance,

but soon dies out, as before mentioned. The strike of the

rocks however continues to the north-east.

The structure therefore at W^arrandyte appears to be a great

arch, on the crown of which are several minor anticlines and

synclines. The two most westerly anticlines are preserved to

form the main axis of the fold to the north and the south.

This axis thus becomes disconnected at W^arrandyte. The minor

folds to the east of the main axis appear to merge into one fold

to the north of the Caledonia Mine, giving a fan-shaped struc-

ture, the fan opening unequally from north to south. A strong

northerly pitch near the river at Warrandyte has accentuated

the structural form. By way of contrast, the structure may be

considered along a line roughly parallel to the railway from

Blackburn to Croydon, which shows a normal order. Beginning

at the former place, there are, as shown on the map, the Black-

burn Anticline, the Tunstall Syncline," the Warrandyte Anti-

cline, the Mitcham Syncline. and the Ringwood Anticline, with

other small folds further east. The named folds are normal

to one another and regular, although some minor puckers are

found on their axes. Thus the great arch at Warrandyte be-

comes in its southern portion split up into five normal folds at

least.

• The distinctive band of quartzitic sandstones occurs along

the outer part of the eastern leg of the Warrandyte Anticline,

and it is of interest to see how the strike runs north-easterly

to Croydon, then gradually swings round to the north-west, and
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is traced along Narrnieian Creek to the Yarra where, as before

noted, the strikes converge and one fold results, after which

the strike becomes north-east again.

Associated with the niinor folds at Warrandyte are the con-

glomerates, grits and sandstones that have been already de-

scribed. These conglomerates and grits, wherever observed, are

conformable to shales and sandstones, and there is no evidence

of any unconformity between the beds, nor can any base be de-

tected.

The outcrops of the conglomerates are numerous, and occur

on most of the folds, but the only distinctive one is that already

referred to. This is found on both sides of Whipstick Gully

and on the northern side of Anderson's Creek, folded round the

axis of the second minor anticline, and passing into Third Hill

and through Fourth Hill.

The axis of the fold at Whipstick Gully has a strong pitch,

the crown of the conglomerate at the axial line being lower on

the northern side than on the southern. This pitch probably

accounts for its non-outcrop farther north.

The conglomerate has a steep easterly leg and a more gentle

westerly one. thus illustrating the general nature of the main

fold. On the left side of Anderson's Creek, a disconnected band

of the conglomerate runs south-westerly parallel to the creek

for about 200 yards. Its outcrop ceases at the next tributary

gully ; but whether from faulting or from passing into finer-

grained rocks, cannot be stated. This band is, from the dips in

the vicinity, on the eastern leg of the anticline, but is not in a

direct line with that on the opposite side of the creek. The

western leg does not outcrop, but may be covered by alluvium

on the right bank of the creek. Faulting has probablv occurred

here, and caused a displacement of the conglomerate to the

east ; but it cannot be very much, as the axial lines of the anti-

cline continue southward with practically no deviation.

This conglomerate has not been found on any of the other

folds. This may be due to faulting, or to occupying a small

area, or to a change in its lithological character, probably to

one of the two latter, as faulting on a large scale does not seem

to have much occurred.
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Witli re<rard to [lilrli <ieiieriilly, in the southern portion of the

area, no widespread pitch occurs. In places there is possibly

apparently small local pitch, but this may be due to the run-

nino; out of the anticlines or synclines, and not to crustal move-

ments.

The pitch of the rocks at Warrandyte has been already

noticed, and this pitch appears to continue north-easterly along

the axis of the Warrandyte Anticline to Watson's Creek, a dis-

tance from Warrandyte of five miles. It is well seen where the

axis crosses the Maroondah Aqueduct, at which point the beds

are pitching to the north-east at an angle of 40 deg. At Wat-

son's Creek the feature is repeated, the angle here being 35 deg.

At the latter locality the sections are particularly instructive.

Almost a semi-circle in the direction of the strike can be traced

from the western leg of the anticline, through its axis to the

eastern leg.

This strong pitch together with the eastern and western limbs

of the Warrandyte Anticline, gives at Warrandyte three sides of a

great dome. A strong southerly pitch towards Ring-wood would

complete the dome, but this does not exist. At one time such a

pitch may have existed, but the latter may have been destroyed

by subsequent differential movements. Of this there is no

evidence, except that which may have formed the Mitcham

Axis (details of which are given in the separate paper dealing

with the physiography of the district), and which would pro-

bably not be sufficient to obliterate any pronounced pitch.

Faults.—These do not appear to be important. Numerous

small dip faults occur at the Caledonia Mine, as will be de-

scribed later. That in the conglomerate at Anderson's Creek Is

also a dip fault, but the horizontal displacement of the rocks

may be calculated in yards. Strike faults probably occur in the

mines along the reef channels. Casts of slickensides in cjuartz

in various parts of the area outside AVarrandyte prove move-

ment. Most of the latter appears to have been vertical. That

it at times was much from the vertical is shown by the almost

horizontal slickensides noticed in some quarries on Ruffley's

Creek. No evidence, however, of any inovement that has caused

a great displacement has been obtained. Although fractures

are numerous in connection with the folds (as at Wantmdyte),
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yet much slipping does not appear to have taken place. This

is shown by the i*epetition of the grits and conglomerates at

Warrandyte, which from the general appearance of their fossil

contents, and their lithology indicate their connection with one

another. A possible line of faulting is the main dyke east of

the Caledonia mine, which has been traced several miles, bu^.

for the reasons given when treating of the cause of the hori-

zontal limitation of the Warrandyte field, this is probably a

fracture with little displacement. The general structure of the

country as above indicated, suggests that no important move-

ment has taken place along this line.

An important fault, but belonging to a much later period

than the folds and fractures of the silurian rocks generally, is

marked on the map as the Brushy Creek Fault. This is fully

dealt with in the paper on the physiography of the Yarra

River and Dandenong Creek Basins, and need not be further

discussed here.

Dykes.—The principal one is that noticed under the pi^eced-

ing section ; a little to the east is another one. They are indi-

cated on the accompanying maps so far as traced by the writer,

but one, accoi'ding to Mr. ^Miitelaw's geological map of part

of the Nillumbik Parish, runs as far as Kangaroo Ground. They

are about 8 or 10 feet wide and dip to the east, the more

westerly one at 60 deg. and the other at about 45 deg. The

rock is so decomposed that it cannot be determined. The dykes

contain thin auriferous quartz veins. Other dykes are marked

on Mr. Moon's Quarter Sheet, and others occur near Croydon,

where they have been worked for kaolin.

Mr. A. M. Howitt (11, p. -±0) discovered when at Warrandyte

a basic dyke about 2 feet in width in the Caledonia Mine cut-

ting across a cross-course. The rock was fairly fresh, and en-

abled Prof. Skeats to determine it as a monchiquite.

Joints.—These in general call for no special remarks. In

most cases they do not pass continuously through different rock

beds. Dip and strike joints are sometimes fairly well developed,

and in thick-bedded homogeneous shaly rocks cause great diffi-

culty in determining the dip. Some jx)ints of interest in con-

nection with joints may be noted.
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Some of the vertical joints are so close together that they

have the appearance of incipient cleavage. At a quarry on the

MuUuni Mulluui Creek, there is a band of rock about 2 feet 6

inches broad and about 15 feet high, divided into regular ver-

tical lines from 1 to 3 inches apart. No other division planes

are visible. On each side of this band ordinary well marked

bedding planes are developed with vertical joints a little dis-

tance apart. On close examination similar rocks are seen to

continue across the particular band. The jointing has been so

minute and regular as to obliterate the bedding planes in this

portion of the rocks. Curved joints are found above the en-

trance tunnel at Pound Bend. In no other locality in the area

have I noticed similar joints.

The most interesting jointing is in connection with the con-

glomerates and grits at Warrandyte. Some of these rocks are

fairly tough. When jointed, even in blocks 3 or 4 inches in

size, the hard cpuirtz, quartzite, chert, and sandstone pebbles

are often seen to Ije cut through as smoothly and evenly, as

if they were plastic materials ctit with a knife. That this is

simply due to jointing is shown by the absence of slickensides,

and by the very small and close planes that occur. It proves

that the force exerted was enormous. De la Beche (13, p.

628) notices the same feature in the conglomerates of the Old

Red Sandstone in the County of Waterford, Ireland, where
' huge masses of the conglomerate, composed of quartz pebbles

and of portions of older arenaceous and other deposits, as also

of igneous rocks, in certain localities, may be smoothly cut

through and separated by joint planes." He also states that the

division presents no trace of dislocation or movement, the faces

of the divided parts of the pebbles fitting each other exactly.

When the Warrandyte conglomerates are broken with the

hammer, the fracture is irregular, leaving the pebbles intact.

(d) Fvisils and Cuiiditio/is of Sediineiitation.

At Warrandyte in the coarser grits and conglomerates, fossils

are often abundant. They consist mainly of corals and poly/.ou,

btit the species are apparently not numerous. The old Victoriaii

Geological Stirvey foiuid some fossils in the finer grained rocks,

20
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but they are presumably scarce. Outside the Warrandyte dis-

trict a trilobite, probably an lUaenus, and some brachiopods

and corals have been found. The fossils have not yet been

examined, so little can be said with re^-ard to them.

The sediments indicate that at Warrandyte there was an old

Silurian shore line, close to which the conglomerates, grits and

sandstones were laid down. These are also interbedded with

shaly rocks, the alternations often beinji very rapid, thus show-

ing shalloAv-water conditions. To the south of Warrandyte

these coarse rocks seem to gradually pass into those of finer

grain. A strong pitch conceals their northward extension, while

they do not occur to the east or west, by reason of passing be-

neath the great mass of rocks that form the Warrandyte Anti-

cline. Possibly their extent horizontally was never very great.

The direction of the old shore line cannot be indicated, and all

that can be said at present is that it was probably not to the south.

On the top of the shallow-water beds is a great thickness oi

phales, occasionally separated by thin bands of sandstones.

These by their general absence of coarser material (in one or

two places a thin band of grit or conglomerate has been found)

appear to have been laid down in moderately deep water. On

the top of these in the Croydon district is the narrow band of

silicified sandstones. In the western part of the area the thick

shales are succeeded by rocks of the type seen near Mel-

bourne, alternating sandstones and shales. From the great

thickness of the shaly rocks, it is evident that there was a

gradually-sinking shore line, with which however the sedimen-

tation kept place, and so prevented very deep-water conditions

from resulting.

(e) Age and Thickness of the Eorks.

Pending the examin;ition of the fossils, nothing definite can

be said as to the age of the rocks throughout the area. Prof.

Gregory has indicated (9, Plate xxv. Fig. 5) that the rocks

of the Warrandyte Anticline are of Melbournian age, and has

also suggested (lb. p. 172) that the Yeringian series might be

expected to appear in the syncline to the west of the Warran-

dyte Anticline) i.e.. the Bulleen Syncline).
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In 1856 Sehvvn (1, p. 11), referring to his section across

country, part of which is included in this paper, stated on

purely stratigraphical grounds that the lowest portion was ex-

posed in an anticlinal axis west of the Diamond Creek (i.e.,

the Templestowe Anticline), and the highest beds occurred

immediately east of the River Yarra and west of the River

rienty.

On the field evidence, without determination of the fossils, i

should place the Warrandyte grits and conglomerates as the

oldest, and, igoing westerly, gradually rising until the youngest

would be along the axis of the BuUeen Syncline, although there

is no evidence yet to state that these are Yeringian. Tlie beds

of the Templestowe Anticline would be between these two, and

therefore of about the same age as the middle beds of the wes-

tern limb of the Warrandyte Anticline. Mr. Chapman records

(17, p. 66) CJionetes inelhournensis Cliapm., from near Temple-

stowe, and he informs me that this fossil has not been found out-

side the Mell>ouniian series. If the Templestowe beds are Mel-

bournian, the Warrandyte beds may be still older, or perhaps

some faulting has occurred at Templestowe which has not been

detected.

South-east from Warrandyte, the beds should become

A^ounger, until the youngest of the area would occur a little

to the north of Croydon.

As there is apparently no pitch along the W^arrandyte Anti-

cline between W^arrandyte and Timstall, the beds at the latter

place, unless there be some undiscovered dip faults, should be

about the same age as those at the former locality.

The strong pitch northerly of the same great anticline should

bring beds younger than those at Warrandyte to the surface

at Watson's Creek in the north-east corner of Nillumbik

Parish. The thickness of the rocks disclosed by the pitch along

the axial line has not been estimated, so that their approximate

position in relation to the other beds cannot be stated.

The fossils will of course ultimately have to definitely settle

these questions, in conjunction with the field evidence.

Concerning thickness, Selwyn (1, ]>. 11) states that the

greatest ascertained thickness of the beds along his line of sec-

tion is 10,900 feet. According to the writer's calculations.

20a
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along the main undivided limbs of the Warrandyte Anticline

(south-east and west of Warrandyte) the thickness of the rocks

on the eastern limb is between 14,000 and 15,000 feet (al-

lowing an average inclination of 60 deg.), while on the western

(allowing an average dip of 4.0 deg.), it is between 12,000 feet

and 13,000 feet.

Future research, especially in palaeontology, may discover

that the beds are repeated by faulting, and this would of course

reduce the thickness. The sections, however, on which the

estimates are based are very continuous, and faulting is the

only feature that could reduce them. Tbe folds are so broad

that inversion need not be considered.

(f) Denudation.

Judged, by the estimated thickness of the beds forming the

Warrandyte Anticline, there has been a minimum denudation

at Warrandyte, prior to the dissection of the present peneplain,

of over 12,000 feet vertically.

(g) Character of the Eock-^ from which the Silurian Derived.

Conglomerates are always of interest in the light they shed

on the derivative rocks. At Warrandyte many of the sand-

stones and grits contain such an abundance of mica (mostly

muscovite) as to suggest their derivation from an igneous rock.

No such pre-existing rock outcrops in the district, and the con-

glomerates, so far as examined, have not yielded any pebbles

of it. The constituent pebbles consist of quartz, quartzite,

sandstone, and flint or chert, quartzites and sandstones being

perhaps most abundant. The sandstones consist mainly of

quartz grains, and so. throw little light on the subject. It is

evident theiefore that the rocks which were broken down to

form the conglomerates consisted largely, if not wholly, of I

altered and unaltered sedimentary rocks. No trace of these

has vet been discovered.
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The Waprandyte Goldfield.

(a) Geological Structure.

The main features have already been indicated under the

geological structure of the whole district. To briefly recapitu-

late, there is a great anticlinal fold (the Warrandyte Anti-

cline), which has five minor anticlines, and four synclines on

its crown. The quartz reefs are intimately associated with these

minor folds, and as frequent reference will have to be made to

the latter, it is as well to use distinctive names.

As mentioned above, the most westerly minor anticline is

really the northern continuation of the main axis of the whole

main anticline, and the next minor anticline to the east occu-

pies a similar position in the south. These minor folds have in

the description of the geological structure of the district been

referred to as the first minor anticline, and the second minor

anticline, respectively. The most westerly fold can be called

the Main North Anticline, and the next easterly anticline

similarly the Main South Anticline, both being parts of the

Warrandyte Anticline. It is in connection with the portions of

the folds at Warrandyte that the terms suggested will be

chiefly used. The short syncline between the two folds men-

tioned need not be named. Following the Main South Anticline

to the east is the Caledonian Syncline, then Thomson's Gully

Anticline, then a short synclinal axis, which requires no name,

then the Consols Anticline, then an unnamed short syncline,

and lastly the Fifth Hill Anticline. The names used (except

for the first two anticlines) signify the reefs or physical features

with which the folds are respectively connected. The enlarged

map of Warrandyte shows the directions and lengths of the

folds as traced.

The general relations of the minor folds to the major one

have already been discussed. It will be noticed that the three

anticlines east of the Main South Anticline tend to approach

the latter and one another as they are followed to the north,

and also that from west to east they become shorter at their
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northern ends. Tlie explanation appears to be that the hiteral

pressure which produced the folds, produced different results.

At Warrandyte a great arch was formed, but the pressure con-

tinuing, the strain was relieved in one part of the field by the

wrinkling of the crown of the arch. A little to the north,

great pressure seems to have come from the east, with the

result that the strata of the eastern leg of the great fold were

bent towards the central axis, and acquired a north-westerly

strike, losing their normal strike, which is north-easterly.

The several small folds which occur to the south, appear to

have been squeezed towards one another, and eventually to

have merged in the northern continuation of the Main South

Anticline. Farther to the west the fold of the Main North An-

ticline commenced. This anticline, where it overlaps the Main

South Anticline, may be due to the pressure from the east

already mentioned.

To the north of the area where the strata are squeezed to the

north-west, the strike becomes north-easterly again, as shown

along the Yarra towards Watson's Creek. The anticlinal axis

which crosses a great bend of the river, as shown on the en-

larged map of Warrandyte, although represented by a fine fold

on the river bank, soon dies out to the north, whilst to the

south, an east and west line would join the southern end (so far

as traced) of this fold and the northern end of the Main South

Anticline. This fact, together with the ditierence in the strike of

the rocks, suggests a fault along this connecting line, caused by

the intense pressure from the east, of the strata which now

form the northern end of the Main South Anticline.

To the north of Warrandyte, the pressure relaxed, with the

result that the axial lines widen, and the Main North Anticline

develops into a broad fold with a western leg divided into two

normal folds, whilst the eastern one is undisturbed and un-

fractured for several miles.

To the south of Warrandyte, normal folds have resulted

without any intense folding or contortion.

At Warrandyte, therefore, the great pressure has caused the

formation of a number of small folds along which, as would

be expected, fracture has taken place. Thus Prof. Gregory's
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' fracture zone ''
is justified, but the cause of that fracture zone,

and its relations to the rocks of the surrounding country, have

not hitherto been determined. The distribution of the quartz

reefs, and their connection with tlie geological structure will he

subsequently discussed.

(b) Tlie Quartz Reefs.

These have Ijeen individually described in 189G by Mr. Murray

(7), and in 1898 by Mr. Walter Forbes (8). The latter gives

full partic\ilars of the reefs then known, as to strike, dip and

thickness of beds, etc. It is therefore unnecessary to deal

minutely with the reefs, even if that were possible, which it is

not, as at the time of my visit to Warrandyte most of the later

mines were closed down, and the old workings are as a rule in-

accessible to any depth. The purpose kept in view during the

examination of the country, was not to record minute informa-

tion as to particular reefs, but to endeavour to grasp the rela-

tion of the reefs to geological structure, and by this means to

throw some light on the cause of their distribution. A general

account will therefore be sufficient, unless there be any point?

of special interest.

The reefs are associated with the minor folds, and generally

with the anticlines, although the Caledonian and Bendigo lines

are in the Caledonian Syncline. Tliey are approximately

parallel in strike to the direction of the axial lines, but at times

cut across the strata at slight angles. Their strike varies from

about N. 10 deg. E. to N. 25 deg. E. Their underlie is some-

times to the east and sometimes to the west, generally close

to the vertical. They ai-e usually thin, ranging from about 3

inches to 2 feet, the majority probably being under a foot in

thickness. Most of the workings are shallow, not exceeding

200 feet in depth, and being very little below the ground-

water level. The dee]>est mines are the " Victory " (whose

greatest depth was about 275 feet) and the " Caledonia " (600

feet). The quartz is in places fairly well mineralised.

The lengths of the reefs, so far as ascertainable, appear to

correspond in length with the folds of the rocks, or those por-

tions of the folds that have been subjected to great pressure.
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Thus the Main North Anticline dies out a short distance south

of the Yarra, and no reefs appear to be there. North of the

river, however, are the Loyal Liberal and other reefs, but the

latter become scarce as the anticline widens out. The Main

South Anticline has the main line of reef. It has been traced

from the " Great Southern '" reef (south of Anderson's Creek)

through the Fourth, Third, Second, and First Hills to the

northern side of the river, just west of the Caledonia mine.

Farther to the north-east where the short anticlinal axis already

referred to crosses a great bend of the river, a reef about 18

inches wide occurs. In the Caledonian Syncline two lines of

reefs (the Caledonia, and the Black Swan-Bendigo lines) are

traceable for a considerable length of the syncline. Thomson's

Gully Anticline shows few workings, as the fold is short. The

Consols Anticline has fairly continuous workings, and at Fifth

Hill the reefs agree in length so far as traced.

A further point of interest is the distribution of the reefs in

connection with the more westerly of the two auriferous dyke

east of Warrandyte. This dyke runs in a north-westerly direc-

tion, and the reefs run from the south-west, and would meet the

dyke if extended. So far as known, no reefs cross the dyke

south of the river. The relations of the reefs to the dyke and

to the folds will be discussed later.

The main line of reefs is mostly in the eastern leg of the

Main South Anticline, but very close to its axis. Along the

top of Fourth Hill, no well-defined reef has been worked, most

of the workings being in thin apparently disconnected veins.

The Caledonia is practically along the axial line of the Cale-

donia Syncline, while the Bendigo, Consols, and Fifth Hill

lines are in rocks dipping westerly at the surface.

Various cross-courses have been described by Mr. Forbes.

Some I have verified, others I have not from want of accessi-

bility. These do not call for any detail. Tliin-bedded veins

are found in various parts of the field. Sometimes they fault

the reefs, and are therefore subsequent to them. The reefs are

generally moved only a few inches or a few feet. The bedded

veins here indicate small movements along the bedding planes.

These veins are said to have an influence in places on tho

deposition of gold, as will be mentioned later.
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The mines that have been developed since Mr. Forbes' report

are the Victory, the Caledonia and the Consols, which are now

all closed down. Others, such as the Reward, North Caledonia,

South Caledonia and the Blocks, were abandoned after very-

little work, so far as can be ascertained. The Consols is the

old Pigtail ' reef, and the Victory has been worked mainly

under Third Hill. The Caledonia is of interest structurally, and

some details will therefore be given. For much of the infor-

mation concerning the structure of the mine I am indebted to

the plans of Mr. A. H. Merrin, M.C.E. (now Chief Inspector of

Mines), and Mr. H. Herman, B.C.E., to both of whom I wi.sh to

tender my thanks for permission to refer to the same. The respon-

sibility for the reading of the plans and for any conclusions

drawn from them, is my own.

The Caledonia Mine has been reported on by Mr. Dunn, but

since his visit the mine was nuich more opened up. The main

shaft has been sunk to 600' feet, but little work has been done

there, as the stone did not prove payable. The reef in the top

levels underlies to the west, but turns to the east in the lowest

level. I believe however that a winze showed that it soon be-

came westerly again. It occurs in the Caledonia Syncline,

whose axis dips from the vertical to the west. The rocks have a

strong northerly pitch. Faults, cross-courses and " splices

"

occur in the first and second levels, and are almost wholly left-

hand breaks (i.e., going north, the reef, where a break occurs,

is found again to the west). The " splices " occur mainly in the

top level, and the faults in the second. A "' splice " consists of

the reef, which when followed either to the north or the south

gradually thins out, until it becomes a mere thread of quartz,

and then completely dies out. If working northward, the miner

cross-cuts to the west and begins to feel for the reef again.

A thread of quartz is picked up, which, if followed, often gradu-

ally thickens into the reef and forms another splice. Fault

planes do not as a rtile exist between the splices. The strike

of the faults is generally north-west and south-east, with the

down-throw side (if the fatilts traced be normal) sometimes

to the north-east and sometimes to the south-west, the latter

oftener. With regard to the splices, we have instead of one con-

tinuous fissure, which forms the lode channel, a series of small.
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independent fissures, each one (when followed to the north)

more to the west than the preceding one. In these quartz has

been deposited. The faults have moved the reef, and are tliere-

fore clearly subsequent to it, and consequently to the formation

of the splices. These are the main structural points of inte-

rest in the mine.

(c) Dykes.

The two dykes east of Warrandyte have already been de-

scribed. There are small irregular auriferous quartz veins in

the rock, which at the surface is now decomposed to a clay.

These quartz veins have evidently tilled the cracks formed in

the dyke rock on cooling, and are therefore subsequent to the

intrusion of the dykes. The latter have been worked to

shallow depths, and the results are given in the mining history

of the field.

(d) TJtt Cause of tJie Horizontal Limitation of the Field.

The Warrandyte goldfield occupies very little area. Few reefs

cross the Yarra, and the latter may be regarded, roughly speak-

ing, as the northern boundary of the field. On the west and

south, Anderson's Creek (with some few exceptions a little to

the south) is the boundary, whilst on the east, Parson's Gully

and a line drawn to the east of the Caledonia Mine, form the

remaining boundary. This peculiar limitation therefore calls

for explanation.

The question involves the consideration of the relation of the

reefs to the folds of the rocks, and the more westerly of the

two dykes to the east of Warrandyte. As has been seen, the

reefs appear to be connected with the folds, and to bear a

distinct relation in regard to their horizontal lengths to the

lengths of the folds. The dyke on the other hand has a direc-

tion and a position that suggest an influence on the lengths of

the reefs. The view held by the local miners is that the dyke

has in some way cut the reefs off. This could happen in two

ways—viz., faulting and intrusion of the dyke subsequent to

the fornuition of the reefs ; and the formation of the dyke prior

to the reefs, the former acting as a barrier to the latter.



Geology of Wamindf/fe Goldfield. 539

Whether the dyke occupies a p-reat fault, or merely a frac-

ture, or a fault with little displacement, is an important ques-

tion to decide. There is little evidence of a great fault.

In i>laces the western wall appears somewhat smooth, but no

striations or slickensides have been noticed. The rocks on

opposite sides are slightly different lithologically, but a little

sli]) could produce this. The dip of the strata on the western

wall is not easily determined, but it appears to be the same as

thi-t on the eastern wall— i.e., to the east. The dyke meets

the Main South Anticline near its northern termination, and

this is rather peculiar, but on the other hand, if the dyke

proceeds north-westerly to Kangaroo Ground, as shown by Mr.

Whitelaw, it does not disturb the Main North Anticline, and

the syncline to the east.

This fact and the structure generally support the contention

as to the non-importance of the dyke structurally. The minor

folds certainly tend towards a common point, and do not run

parallel to one another towards the dyke. The strike of the

eastern limb of the Warrandyte Anticline swings round from

north-east to north-west, just as would be expected if the pres-

sure on the eastern limb were very great at one point, and it

was not nmch relieved by crumpling. In the least disturbed

part of the eastern limb—i.e., south of Warrandyte—the dips

regularly continue from west to east across the line of dyke. No
appearance of faulting is here. As already remarked when dis-

cussing the quartz reefs, there seems to be a direct connection

between the lengths of the minor folds and the reef occur-

rences.

On the whole therefore I think that the dyke in either of

the two possibilities above suggested has had no influence in

the general geological structure of the country, and hence none

on the reefs so far as their distribution is concerned. The

minor folds, with fractui'es as the result of great pressure,

offer a solution of the distribution of the reefs. In no other

parts of the area have well defined and numerous reefs been

found, and it is only at Warrandyte that such intense contor-

tion has taken place. It is interesting to note that where some

anticlinal folds are pressed closely together, as at Ringwood and

Templestowe, isolated reefs occur.
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(e) Age of the Reefs and Dykes.

Little can be said under this head. They are both of course

post-silurian, but which were formed first, or whether they were

contemporaneous, cannot at present be stated. Auriferous

quartz appears to have been introduced into the dykestone, sub-

sequent to cooling, on its joint planes, but this does not rela-

tively fix the age of the reefs, as the cross-courses and bedded

veins show that the silica has been introduced at different

periods. The question must for the present remain open.

(f) Mode of Occurrence of Gold.

As far as can be learnt, the gold is almost wholly confined

to the main reefs, and in these is fairly evenly distributed when

occurring in payable quantities. At the Victory mine it is said

to have occurred in a wedge-shaped almost vertical shoot, and

in several smaller shoots. At the Caledonia, a very rich yield

was obtained from between the surface and the third level

(about 300 feet). It appears to have been bounded on the

bottom by a bedded vein parallel to the pitch of the rooks.

Below this vein, which evidently fills an old fault plane, the

gold practically ceased.

Along the top of Fourth Hill, no well-defined reef has been

worked. In the coarse sandstones that outcrop on the crest of

the hill, and form the cap of the Main South Anticline, much
quartz has been deposited, but was evidently not very auri-

ferous, as the sandstones have been very little worked. Most

of the workings are in the eastern limb of the anticline near

its axis, in shales, and the quartz veins appear disconnected.

The distribution of the veins and the mode of occurrence of

gold, according to old resident miners, who have personally

worked at Fourth Hill, were as follows:—^'' Droppers "' (being

quartz veins two inches or three inches thick, and underlying

to the west, not far from the vertical) on being followed down,

would meet a bedded vein underlying to the east (the dip of

the strata). At the junction, the quartz would thicken and gold

would be found. The bedded vein would then be traced on the

underlie for varying distances from 10 feet to 30 feet, after

which it ceased to be payable, and the gold apparently gave
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out. Sinkiiiii' would then proceed down the " dropper " until

the next bedded vein was met, when this in turn would be fol-

lowed until it ceased to be payable. The bedded veins were

generally about one inch thick. Tlie " droppers " passed through

the bedded veins without any faulting. Tlie " droppers " so

far as seen were not connected with any well-defined reef. This

mode of occurrence was seldom found on TTiird Hill, and not

elsewhere on the field. We have here apparently an example

of the principle of intersection with deposit of gold.

Some of the conglomerate bands in the silurian have been

prospected for gold, and son)e workings occur at Fifth Hill.

Some of the miners with South African experience thought

there was a similarity to the banket beds of South Africa. Tlie

writer was informed that a few ounces of gold were found 'n\

one of the conglomerates, but whether between the pebbles (as

in our ordinary gold-bearing gravels), or in a reef that might

pass through the conglomerate (as some do), was not clear. Evi-

dently, however, they have not proved payable, although the

determination of the point w^ould be a matter of scientific

interest.

(g) Mining History.

The account now given of the history of the Warrandyte

goldfield is based upon the official reports of the Mines Depart-

ment from May, 1859, to June of the present year. So far as

the writer is aware, no official publications appeared before

1859. Those that have been used are referred to in a general

wav in the list of literature at the end of this paper (14). Tlie

yields stated by Mr. Forbes in his report already referred to

have not been used or verified, as insufiicient details are given.

According to Westgarth (15, p. 125), Anderson's Creek, War-

randyte, was the first place where gold was discovered in Vic-

toria. Whether it was actually the first is not quite clear, but

there is no doubt that it was one of the very earliest. The date

is stated to be July, 1851, and £1000 was paid by the Govern-

ment to the discoverers, L. J. Michel and party (1'6).

From 1851 to 1859, no official records are available, and

therefore the portion of the mining history covered by this

period cannot be touched upon.
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It will be as well to distinguish between the quartz and

alluvial mining. The quartz mining will be treated first.

Once the discovery of gold was made the reefs of the district

were no doubt rapidly located, and any rich pockets of gold

quickly obtained. After the first rush the miners must have

sought the fields which have since risen to such importance

—

Ballarat, Bendigo, etc.—for in 1860 the Mining Surveyor refers

to the numerous abandoned reefs, and the few quartz miners

on the field. He considers one great drawback to the district

is the want of crushing nuichinery, and the high ^^I'ice the

miners have to pay for having their quartz treated, the price

rising as high as £4: per ton. Several attempts were made to

remedy this by the introduction of various crushing machines

to the district, but none seemed to work eft'ectiveh" until the

construction in 1868 of machinery worked by water power

on the Yarra. The rates for crusliing and cartage were also

reduced.

A distinct impetus was in this year given to quartz mining,

apparently owing to the facilities mentioned, althougli the

crushing machinery was not very satisfactory. The impetus

is shown by the yields between 1861 and 1870. From October,

1861, to June, 1868, 138 tons of quartz were crushed, yielding

153 oz. dwt. 13 grs. of gold. From the latter date to the

end of 1870, 725 tons of quartz, yielding 930 oz. 9 dwt. 13 grs.,

were crushed. There may be some exaggeration here, due per-

haps to the returns in the early part of the decade not being so

complete as in the later part. Making all reasonal)le allowance

however for this possibility, the great difference between the

periods mentioned remains.

During the next decade, the yield continued fairly steady.

Few new reefs appear to have been discovered, the old reefs

being w'orked by small parties with varying success. No very

rich returns were obtained, those from the Pigtail Reef being

the best. This reef and the Yarra Tunnel Reef were the most

successful. These, together with the so-called diorite dykes,

which were discovered in this decade, will be discussed sepa-

rately.

During the next decade there was a serious dechne. The

Yarra Tunnelling Reef was resuscitated, and vielded fairlv well.
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but the general returns were small. This declension was pro-

baljly in part due to the extraordinary wave of prosperity

throu<rhout Victoria, which culminated in the great land boom

of 18S8, and which drew jieople from a mining field such as

Warrandyte.

From 1891 to 1900, the yield rose again considerably and

almost equalled that of the period 1871-1880. Almost half of

the yield came from the Victory Mine from three years" work-

ing.

From 1901 to the middle of 1910, the amount of gold ob-

tained was quadruple that of the preceding decade. The yield

was almost wholly due to the Caledonia Mine.

The following table shows the yield from quartz, in decades

from October, 1861, to the middle of 1910, together with the

tonnage, average yields and values, taken from the official

records.

1

Period.
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£51,000 was obtained from one mine, the Caledonia, in the five

years, 1905-1909.

In connection with these figures it must be borne in mind

that they represent the minimum gold obtained. Some yields

may have been omitted from the tables owing to the difficulty

of identifying- the locality of various reefs. It is impossible for

the ofiicials to collect the results of all workings, and this

applies more particularly perhaps to the earlier years. At the

same time it is but fair to remark that the system of obtaining

the returns has been in force for 50 years, and has been carried

out by able officers. The results may therefore be regarded as

substantially correct.

It is to be regretted that the statistics for the first ten years

of the field are not available, as they no doubt would have added

a fair amount to the total gold won.

The writer does not propose to attempt to deal with the

history of even all the more important reefs or lines of work-

ing. Even if desii'ed, this task is made quite impossible by the

multiplicity of names of reefs and parties, from which the

places where the gold was obtained cannot be determined. A
few remarks however may be made about those reefs or workings

which have yielded the best results or been developed the

most. These are the Yarra Ttmnel, Pigtail, Victory and Cale-

donia Reefs, and the two dykes already noticed.

The Yarra Tunnel Reef is apparently the continuation south

of the Caledonia Reef crossing the Yarra, north of the island.

If this be correct it is therefore on the line of the Caledonia

Syncline.

In 1870 it is referred to as being worked under the bed of

the Yarra, and the workings were continued till 1874 by various

parties. It was then abandoned, but rediscovered in 1884, and

traced northerly 900 feet. Its width is stated to be from 18

inches to 12 inches. Development proceeded, and profitable yields

were obtained until 1888, when the mine was abandoned in conse-

quence of the reef bifurcating, leaving a very thin vein which

yielded poorly. The workings were to a depth of 150 feet

below the river, and further shaft sinking was done, but to

what depth is not stated. From 1869 to 1874 and from 1884

to 1888 311 tons of quartz were crushed, yielding 628 oz. 9
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dwt. 16 grs., uvei'ugiiig 2 oz. and 9 grs. per ton, and valued at

<£2486. Almost all the gold was obtained within 100 feet of

the surface. No further record of fresh workings exists.

The Pigtail Reef, which lately was worked by the Caledonia

Consols Company, is first noticed in 1874, and in 1875 some

rich yields are quoted—387 tons giving 1409 oz. 7 dwt., and

averaging 3 oz. 12 dwt. and 19 grs. per ton. This was ob-

tained at a depth of 80 feet and above that level. Subsequent

yields came mainly from greater depths (up to 145 feet), and

were not nearly so rich as those quoted. The reef was worked

fairly continuously by various parties until 1881, when a slide

was encountered at a depth of 170 feet. Two or three fitful

attempts wei'e made at re-working the reef, but practically

Aothing was done until the Caledonia Consols Company was

rbraied. In 1905 this Company sank a new shaft to a greater

depth than the old workings, and erected new machinery, in-

cluding a battery. The lode was met, but was not payable. A
second shaft was sunk, but the results were disappointing, and

the enterprise was abandoned. From 1875 to 1881 939 tons,

were crushed, yielding 1882 oz. 4 dwt. 2 grs., averaging 2 oz.

dwt. 2 grs. per ton, and valued at £7481. Since 1881 only

the sum of £614 10s. from 301 tons has been obtained from

the reef, making a total recorded from this reef of £8095 10s.

The Victory Reef is on the line of the Main South Anticline,

and has been worked chiefly under Third Hill. The gold

yields under this name commence in September, 1896, and con-

tinue fairly regularly to September, 1899, during which period

1570 ozs. from 1038 tons, valued at £6280, were obtained.

From 1899 the mine appears to have been intermittently

worked until it was abandoned in 1904. Only an additional

47 ozs. are accounted for, making a total of 1617 ozs. 2 dwt. 4

grs. from 1090 tons, with a yield of 1 oz. 9 dwt. 16 grs. per ton,

and valued at £6468. The yields in the early part of the period

came from 100 to 150 feet in depth. The later returns do not

state the depth. I was informed the shaft had been sunk about

220 feet, and a winze another 50 feet. I have no knowledge as

to whether any dividends were ever paid. The mine was re-

suscitated as a result of the Caledonia boom under the name of

the New Victory, but practically no work was done.

21
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The Caledonia Mine (the actual name of the Company was

the Caledonia Gold Mines) is situated towards the northern

end of the Caledonia Syncline near the Yarra. It was formerly

known as the Newhaven. The mine was w'orked from 1905 to

1909. According to the Annual Report of the Mines Depart-

ment for 1909, the mine yielded 12,772 ozs. from 12,653 tons,

the called-up capital was £8250, and the total dividends

amounted to £12,583 15s. These figures determine the average

per ton at 1 oz. and 4 grs., and the total value of the gold ob-

tained at £51,088. Most of this gold was obtained between the

surface and 300 feet. The shaft w^as sunk to 600 feet, but the

stone did not prove payable, and the mine was shut down.

The Caledonia yields are the one really bright feature of the

Warrandyte goldfield.

The two dykes to the east of the township were discovered

in 1877. The eastern one has been little worked. The rock

has been decomposed to a clay, which is intersected with thin,

irregular quartz veins, and contains pseudomorphs of iron oxide

after pyrites. The whole of the material went to the battery.

These dykes have been worked to a depth of 200 feet. They

were worked continuously by variousi parties from 1877 to 1886.

They were then discontinued until 1893, when a little work was

done, and the same occurred again in 1898 and 1909, appar-

ently without payable results. They have therefore practically

not been worked since 1886. From 1877 to 1886, 22,114^ tons

were crushed, yielding 1762 ozs. 6 dwt. 22 grs., giving an aver-

age per ton of 1 dwt. 14 grs., and a total value of £6959 18s.

The total yield to 1909 is in round numbers valued at £7000.

Considering the length of the period during which these dykes

w^ere worked, the inference is that the yield was sufficient to be

payable. From the detailed figures, the dykes show a decrease

in value at depth.

Some isolated yields from the quartz reefs of the field gene-

rally may be quoted :
—
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In Quarter
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river breaking through the dam. No details of the results are

given, but as the enterprise soon ceases to be mentioned by the

Mining Surveyor it was presumably a failure.

The tunnel was successfully made at the Pound Bend in 1870,

and the river diverted through it. Trouble arose through the

river finding a new course. This was repaired, but as no de-

finite results are stated, and mention of the scheme soon

ceases, this must also be regarded as a failure, although gold

in patches is stated to have been distributed all round the

bend. Each undertaking must have been expensive.

(h) Possibilities of Further Development of Quartz

Mining.

Thei'e are two phases to this question. First, whether any

horizontal extension of the field is likely, and secondly, the

prospects of payable stone at greater depths than hitherto

worked at the present-known reefs.

The first aspect must be answered in the negative. The

geological structure of the field indicates a close connection be-

tween the highly folded area and the quartz reefs. This area

is limited to Warraudyte, so that beyond it, the fractures neces-

sary for the formation of the reefs would not be expected, and,

so far as observation goes, this is correct.

Mr. Moon, on the Quarter Sheet already cited, and Mr.

Whitelaw on his map of part of Nillumbik Parish, show a

moderate number of quartz reefs outside the Warrandyte area.

The writer has not seen all these reefs, but those inspected, so

far as could be seen, are thin, irregular, and generally in locali-

ties where the geological structure of the country does not

favour any system of fractures. Some of these reefs have been

slightly opened up, but the prospects were evidently unfavour-

able. The development of some of them may also have been

hindered by being on private property, and some may exist that

if worked would be payable. Gold has been found in gullies on

the northern side of the river at Warrandyte. This may have

come from isolated reefs, or the dykes, or from the gravels

under the basalt at Kangaroo Ground, or from all three.
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Allowing, however, for these possibilities, the structure of

the country surrounding Warrandyte does not support any

hope of a substantial extension of the present, or of the dis-

covery of a new goldfield.

ihe second phase of the question is more difficult to deal

with. Extensive shallow workings exist along the line of the

Main South Anticline from the Great Southern Reef to the

Yarra, but their history is not fully known. The same may be

said of most of the other workings on the field. Throughout

the official records there is scarcely a hint as to the mode of

occurrence of gold, nor any light as to its origin and distribu-

tion. At the time of the writer's visit to Warrandyte, only one

mine—the Caledonia—was working, and from that no gold was

being obtained. Thus there is little to help the question.

Most of the workings show that further effort was abandoned

when the level of ground-water was reached. The depth at

which the gold was obtained is recorded in the official returns

to 1898 fairly completely, and these show conclusively that the

great bulk of the gold was found at and above 150 feet below

the surface, and most of this within 100 feet from the surface.

Most of the gold therefore up to 1898 was found within the

zone of oxidation or vadose zone. Since 1898 the Caledonia

and the Victory are practically the only mines that have been

working. The Victory went below the water-line, and some of

its gold may have come from there. At the Caledonia the level

of ground-water is near the surface, and the bulk of the gold

came from below that level— i.e., from the (probably enriched)

sulphide zone.

It is important to determine for the point under discussion

whether the reefs are likely to prove permanent in depth and

whether secondary enrichment has taken place. As regards the

former, although the reefs are thin, there is ground for be-

lieving that they continue in depth. The minor folds are

clearly defined, and there is no reason to doubt that the frac-

tures which accompany them descend some distance. At
the 600 feet level of the Caledonia the reef became very thin,

but there was a roll to the east, which would probably account

for its pinching in. I was told that it became a strong reef

again below this level, when it had its normal underlie again.
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Tlie Yarra Tunnel Reef was abandoned on account of its bifur-

cation, but this does not necessarily prove that it may have

met and thickened again lower dowai.

Secondary enrichment has probably taken place in the reefs

here, both in the vadose zone generally and in the sulphide

zone at the Caledonia. The geological structure shows the vast

amount of silurian strata removed from the surface of the

ground at Warrandyte. The reefs must have extended upwards

into these rocks, and in the denudation of the latter, the former

would be removed, and if gold-bearing, w^ould tend to enrich

the undenuded parts of the reefs. There appears to be no

doubt, from the general returns, that near the surface the reefs

and also the dykes are richer than the lower portions worked,

both in the sulphide zone of the Caledonia, and the vadose zone

generally.

So far as can be determined, therefore, the reefs may not

maintain their yield at depth, but as the sulphide zone below

the oxidation zone is often enriched at or a little below the

latter, it is possible that some reefs may have benefited in this

way. Apparently the only reefs given anything of a trial in

this direction are the Consols and the Yictoiy, and they have

not proved payable, so that experience gives no support to the

idea. The Caledonia cannot be taken as a fair test of the en-

richment of the sulphide zone, as there appears to be so little

of the oxidised zone above the former to absorb the gold.

Again, one of the dykes previously referred to crosses the

Yarra close to the Caledonia. It is possible that the gold in

the Caledonia may have been leached out from this dyke. The

other reefs are some distance from the dyke, and may, there-

fore, not have benefited by it. Considering all the evidence, the

probabilities are, therefore, against the maintenance of the

yields in depth, but this does not exclude the possibility of

shoots of gold in some reefs which, if worked with strict

economy and care, may be found payable at greater depths than

at present worked.

{
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Summary.

The paper deals with the siluriau rocks of a wide area of

country in the basin of the Yarra.

The rocks are shown to consist chiefly of shales and sand-

stones, with a series of fossiliferous grits and conglomerates at

Warrandyte.

The geological structure of the silurian consists principally

of a great arch or geanticline at Warrandyte, on the top of

which are a series of minor folds, with which are associated the

conglomerates and grits, and a series of auriferous quartz reefs.

Tiiis fold is known as the Warrandyte Anticline. It extends

from Tunstall to Watson's Creek, and its axial line is broken at

Warrandyte. To the south and north of Warrandyte it breaks?

into more nornuil folds, which are described. To the west of

the Warrandyte Anticline is the BuUeen Syncline, a great

feature traced some distance north and south. Farther west is

the Templestowe Anticline. Various dykes are associated with

the rocks.

Tbe evidence of faults and peculiarities of joints in the

silurian is discussed, including the smooth fracture of con-

glomerate pebbles.

The conditions of sedimentation in the silurian are referred to.

The age of the silurian rocks cannot be settled until the

fossils are examined. On field evidence alone, the oldest beds

are at Warrandyte, and the youngest at the BuUeen Syncline, and

to the north of Croydon.

The thickness of the western leg of the Wan-andyte Anti-

cline is estimated at between 12,000 and 13,000 feet, and that

of the eastern at between 14,000 and 15,000 feet, while the

vertical height of the silurian removed from above the War-

randyte Anticline is probably over 12,000 feer.

The rocks from which the silurian conglomerates were de-

rived are shown to be altered and unaltered sedimentary rocks.

The Warrandyte goldfield is shown to be due to a series of

minor folds on the top of the Warrandyte Anticline, which have

fractured and so admitted the silica and gold. The distribution

of the quartz reefs is noted, and their relation to the folds and

the dykes to the east is discussed. The conchision is drawn
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that the horizontal limitation of the goldfield is due to the

limitation of the minor folds (most of which rapidly merge

into one fold).

The mode of occurrence of gold, a general account of the

mining history, and the possibilities of further development of

quartz mining are referred to.

A list of the literature referred to is given.

In conclusion, I wish to express my thanks to Prof. Skeats

for advice and criticism in connection with my work. I have

also to thank the respective permanent heads of the Lands

and Mines Departments for the use of maps, and for permission

to inspect some unpublished returns of gold, the access to

which was facilitated by Mr. D. J. Mahony, of the Geological

Branch, and Mr. D. Wallace, of the Statistical Branch, to both

of whom my thanks are due. My brother, Mr. C. A. Jutson,

was also good enough to compile the table of gold returns for

the various decades, the data for which I am, however, alone

responsible. I have also to thank Messrs. F. Trezise, J. Sloan,

H. and F. Squires, of Waiiandyte, for information relating to

the mines there.
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EXPLANATION OF PLATES.

Plate XCL

Sketch map of the whole or parts of the Parishes of Nillunibik,

Sutton, Wurrandyte, Ringwood, BuUeen and Nunawad-

ing, compiled chiefly from the parish maps. The basalt

at Kangaroo Ground is not shown, as the map is intended

only to illustrate the general geological structure of the

Silurian rocks of the district. The results only of the

survey are indicated, as the scale of the map precludes

any adequate detail being set out.

Plate XCIL

Enlarged map of, and section across, the Warrandyte goldfield.

All available details are not shown.

Plate XCIIL

Sections illustrating the general geological structure of the

country comprised in Phite XCL In these sections, and

in that on the Warrandyte goldfield map, the datum line

is sea-level.
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Aht. XXKVU.- Flofation of Minerals.

By KENNETH A. MICKLE,

Government Science Research Bursar, Melbourne University, and

Associate Working Men's College, Melbourne.

[Read 8th December. 1910]. .

Intpoduction.

The various flotation concentration processes have in the last

few years attained much prominence in Australia, and parti-

cularly at Broken Hill, and promise to displace many of the

ordinary gravity processes in other parts. Very little literature

has appeared on this subject, and, with the exception of a few

scientific papers, most of it has been descriptive of the Avorking

of various processes, and not on the investigation of the general

underlying principles. The two usual explanations given as to

the cause of the flotation of minerals and metals in various

solutions are :
—

(1) That it is due to certain surface tension phenomena.

(2) That it is due to the attachment of certain gases to the

minerals which lift the particles to the surface.

In a paper by J. Swinburne and G. Rudorf,! the authors ex-

plain why the sulphides rise in preference to the silicates, etc.,

and why the bubbles remain attached to the sulphides, as due to

the combined effects of surface-tension, cohesion and adhesion.

They consider that the rise of temperature to near boiling point

is necessary for flotation for the same reason.

Behaviour of Minerals and IVletais in Water.

The object of the writer's work was to investigate the attach-

ment of gases to the different minerals and metals, and inciden-

tally to study the adhesion, or wetting of different minerals and

metals, and their subsequent flotation.

1 The Physics of Ore Flotation. Chemical News, 29th December, 130.'j.
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Cold n-ater.—Minerals and other substances differ in their

inclination or otherwise to become wetted by water or by other

liquids. Many minerals when dropped carefully on to the sur-

face of water remain on it and do not sink. Some at once sink

to the bottom. Particles of considerable size may be floated

in this manner, and sometimes considerable force is required

to make them sink. Some minerals, when ground so as to pass

a 30 mesh sieve, form a film on the surface of the water, and

this film will support a considerable weight. A certain sample

of zinc blende concentrates could be heaped up in this manner

to a depth of \ inch on the surface of water in a 50 c.c. cylin-

drical beaker. The weight of material was 15 gms., and the

top portion was quite dry. The following is a list of the

minerals tried that would float on the surface of water :
—

Galena, zinc blende, sulphur, azurite, malachite, rhodonite,

garnet, calcite, mica, telluride of gold, pyrite, pyrrhotite,

wolfram, cassiterite, serpentine. And besides this all the metals

in the form of foil would easily float. Some samples of quartz

will float and others will not. Particles of glass and turquoise

would not float.

The weight of each particle on the surface causes a distinct

depression or sag round itself, and the apparent attraction of

one particle for another is probal^ly due to the depressed surface

caused by this sagging. If some liquids (such as alcohol in the

form of a drop on a glass rod) are brought near the particles

floating on the surface, the particles are repelled from the rod.

If alcohol is added to the water the particles become wetted

and sink. Caustic soda acts similarly. This is apparently a

surface tension phenomenon. In the case of alcohol on the

glass rod, the vapour of the alcohol mixing with the water de-

creases the surface tension and increases the adhesion of the

water for the mineral. The water wets the particle at a higher

level on the side nearest the glass rod ; an inclined plane is

formed on the side furthest from the rod, and the particle is

apparently repelled. Water has the greatest surface tension of

any liquid xmder ordinary atmospheric conditions except mercury,

and thus, if another liquid is added to it, the surface tension is

decreased. If the minerals in the above list have been pre-

viously wetted they will not float on the surface until they are
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dried or partially dried. If some ground niineral is wetted

and covered with water, and then is exposed to the air by
t-ausing the water to run to one side of the containing vessel

and the water is then brought carefully back, some of the

mineral will be seen to float on the surface of the water. This

form of notation takes place to a greater or lesser extent with

most minerals, and is apparently a different phenomenon from
the simple floating of particles by dropping them on the sur-

face. In the latter case there is an almost continuous film of

air or gas surrounding the under side of the mineral, and by
far the greater portion of it is projecting out of the surface of

the water. That there is not a continuous film, and that the

particle is partly wetted can be shown by floating some magnetic
substance, as pyrrhotite, or a piece of iron wire, and attracting

it with a magnet, when the surface of the water will be seen

to have been dragged up with the mineral or wire. When the

substance is finally lifted out of the water, water is carried up
on to the magnet. In the case of the wetted mineral being
floated by being brought into contact with the air, the particles

will be seen to be almost entirely submerged, only a portion
like a pin's point being above the surface, and, although a dis-

tinct depression of the surface is caused, it is not so apparent
as in the other case.

When the minerals are made to sink they apparently carry

a bubble of some gas down with them. This bubble can be seen
as a rule on most particles. When the finer-grained material

is heaped up on the surface (as in the case of the zinc concen-

trates referred to) till the weight is too great, the whole mass
causes the surface of the water to sag; and finally to break
through, and carries a large amount of air down with it, the
inside of the envelope being quite dry.

Hot loater.—In hot water the behaviour of the minerals and
metals is dili'erent. Most of them wall float but for a few seconds
only, becoming wetted and sinking, usually a bubble of gas
leaving each particle as it sinks. The fine grained material
can be heaped up similarly, as with cold water, a large number
of bubbles being observed on the under surface of the mass.
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Uuihr tJie surface of water.

When the minerals are sul)njerged in water and the water is

heated, many of them will tloat either wholly or partially.

Sulphur, crystalline azurite and malachite, some galenas, some

blendes, some chalcopyrites and stibnites, and some of the

metals, copper being- the most persistent, will float in water on

heating. A sample of zinc concentrates from the Potter pro-

fess (floated with HoSO^) floated when heated in water, and

when boiled the " scum ' continued indefinitely. If boiled

violently and continuously, the concentrates will sink, but if

allowed to cool will again float on heating. Ttis was repeated

twelve times, a.nd would apparently continue indefinitely, if after

each time the water was allowed to cool for some time. Air

will get into boiling water either being dissolved or being car-

ried down mechanically as bubbles, as the following will show.

A large beaker of distilled water was boiled continuously for

two hours. An inverted funnel was then placed in the beaker

and an inverted burette filled with the boiled water was placed

with the wide end fitting over the stem of the funnel. Air was

then slowly collected in the burette by the bubbles coming under

the funnel and displacing some of the water in the burette. The

funnel was arranged so that it did not rest on the bottom of

the beaker, but allowed the water to circulate under it. In some

cases the minerals appear to evolve a gas, and usualh- the water

begins to boil and water vapour forms first on the minerals, or

substances introduced into it, the latter giving a starting point

apparently preferable to the sides of the containing beaker.

A sample of zinc concentrates under water was heated in a

10 c.c. graduated pipette and the expansion observed. These

concentrates were from a Potter (acid) float, washed and dried,

and then introduced into the pipette, which was immersed in a

large beaker of water, and this water was then heated to boil-

ing. The volume of concentrates as measured in the pipette

was 2 CO., and the surface of the water above them was 5.9 c.c.

The greatest expansion noted by taking the difference in the

reading of the level of the top of the water was 1.3 c.c. The

expansion noted by the dift'erence in the levels of the top of the

concentrates before and after heating was 0.8 c.c. The volume
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begins to increase at about 82 deg. C. up to 100 deg., the range

of temperature at which flotation usually takes place. Just

before the water began to boil some of the concentrates began

to tloa-t and the readino: could not be taJven.

Behaviour inuler reduced pre>(>mre.

Many substances when sunk in water will rise to the surface

when the pressure above the surface of the water is lowered.

Among the substances tried the following floated:—All the

metals in the form of foil, naphthalene, sulphur, graphite, mica,

and zinc blende concentrates. Particles of galena, zinc blende,

cerussite, river sand, and calcite came to the surface, but sank

again. When a mixture of particles of zinc blende and river

sand was put into a vacuum flask under water under reduced

pressure, it was noticed that the zinc blende came up more

persistently than the sand, which I'ose to the surface three or

four times, and would not do so again. The particles of mineral

are caused to float by gas bubbles attached to them carrying

them up to the surface. In some cases these bubbles are

strongly attached to the minerals. A burette was taken and

filled with mercur}' to within about an inch of the top. and

about 1 c.c. water was added on top of the mercury. A few

particles of different minerals were dropped through the water

on to the mercury, each having a l^ubble attached to it. A
rubber cap with a clip was then put over the end of the burette

and the lower end was connected up with a water pump. As

the level of the mercury w^as lowered the bubbles increased in

volume, ajid remained on the particles till the level of the mer-

cuiy was lowered considerably. Some zinc concentrates from an

acid float were immersed in water in a 10 c.c. graduated pipette,

and the expansion noted when the pressure was reduced above

the surface of the water. The greatest expansion noted before

the mineral began to float was 0.8 c.c, the original volume being

2 c.c.

On some minerals bubbles will form, when subjected to re-

duced pressure, under water, but the minerals do not float, as

quartz, garnet, gypsum, haematite, wolfram, cassiterite and

glass. Pieces of metal in the form of foil will float even after
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being repeatedly sunk. If the water is boiled free from air

the metals will not float when the first bubbles attaching them-

selves are removed. A piece of copper foil, which was immersed

in air-free water, and which would not .float when the pressure

was reduced, floated on the surface when brought in contact

with the vapour above the surface of the water. Crystalline

pieces of the following minerals under water under reduced

pressure were all coated with bubbles :—Galena, zinc blende,

garnet tourmaline, pyrite, gypsum, ardalusite, calcite, cerussite,

and quartz. These minerals were then placed in water, boiled

free from air, and again became coated with bubbles on re-

ducing the pressure, thus showing that some gas is carried down

with each mineral as it sinks. The metals had also bubbles

attached to them, but in freeing these with a glass rod only a

few very minute ones formed again. After the bubbles have

formed on these minerals, if atmospheric pressure is restored,

the bubbles become almost invisible, but form again in the

same position on again lowering the pressure. Tarnished

minerals form as many bubbles on their surfaces as the clean

faced ones.

Behaviour of Minerals and IVIetals in Dilute Acid

Solution.

On the surface.

Cold.—'Similar to water even with strong H^SO.^.

Hot.—None of the minerals would float when sprinkled on

the surface of a hot H,,SO^ solution even when very dilute

(1 per cent.) becoming at once Avetted and sinking. Copper

foil will float on a hot 3 per cent. H^,SO.j solution. The sample

of zinc concentrates forms a film the thickness of one particle

only, the remainder falling through the surface, but coming up

again in the form of agglomerated masses.

Heated in acid solutions.—Most of the sulphides will float

if heated in a weak H^SO^ solution. Some samples of pure

galena and zinc blende would not float, but on the addition of

calcite and generation of CO., floated. Haematite, biotite,

quartz, wolfram, cassiterite, rhodonite, calcite, siderite, musco-
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vite, serpentine would not float. In the case of the sulphides

H^S is given off to a greater or lesser extent in every case. A
sample of copper matte would not float in acid solution. To

show the amount of acid required a small test with a sample

of the South Mine, Broken Hill, tailings was carried out, taking

10 gms. of the tailings, and 50 c.c. water, and adding different

amounts of acid and heating to about 95 deg. C.

With a .36 per cent. H^SO^ solution no float took place.

With a .72 per cent. HgSO^ solution a small scum formed.

With a .9 per cent. H^SOj^ solution a poor float was obtained.

With a 1.4 23er cent. H^SO^ solution a good float was obtained.

These tailings contain much calcite, and therefore use up more

acid than most of the other companies' tailings.

Undtr reduced pressure.—The same lot of crystalline particles

tried with water alone were tried under reduced pressure in an

acid solution ranging from 1 up to 10 per cent. H2S0^-. The

bubbles formed as before, but were of a dift'erent nature, appear-

ing to be larger, and coming away from the minerals more

readily. Fewer bubbles were on the quartz and gypsum than

on the other minerals. In an air-free, dilute H^SO^ solution,

on fragments of the various minerals being dropped in bubbles

form on their surface. In the case of quartz and rhodonite and

the other silicates a few bubbles were carried down, but on

shaking these oft" no more fonned. This also was the case with

copper foil. Bubbles formed on the sulphides, garnet, and tour-

maline even after those first formed were detached. Some

cubical fragments of galena were coated with lead chromate and

sulphate respectively and immersed in an air-free acid solution,

under reduced pressure. Only a very, few bubbles formed on

these particles. Most of the sulphides will not float in the cold

with dilute acid. The zinc blende in a sample of South Mine

tailings kept coming up to the surface, but fell back again. The

carbonates are attacked by very dilute acid solutions under re-

duced pressure. It is interesting to note that siderite and mag-

nesite are attacked by cold acid under reduced pressure.

Some Broken Hill Proprietary's zinc concentrates, washed free

fi-om soluble salts, were boiled in a 2 per cent. H2SO4 solution.

The following metals went into solution, Fe, Al, Zn, Mu, and

II 2 S was given off. A sample of the working solution from this
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company's process contained Si02 (0.112 gms. per 100 c.c), Fe,

Al, Zn, Mn, and Ca. A sample of the Central Mine'^s concen-

trates (oil and acid process) was washed with strong

NaOH, and then washed till free from NaOH. The zinc blende

would not then float on top of air-free water on boiling-, but on

making acid with H.:,SO, a float was obtained. No float could

be obtained by adding ammoniiun carbonate. Another sample

of the Proprietary's zinc concentrates washed free from acid, and

then washed with strong NaOH, and then washed free from

alkali would not float on heating in tap or air free water, but

floated on adding acetic or sulphuric acid.

Behaviour of Minerals and Metals with Oils, Etc.

On the surface.—None of the minerals tried would float on

the surface of oleic acid (commercial), kerosene, or alcohol.

Copper foil floated on oleic acid, but not so persistently on kero-

sene. Iron wire would not float on kerosene or oleic acid, but

showed a tendency to float, not sinking immediately. Zinc

blende, galena and the other minerals would not float on alcohol

but did not immediately sink.

Oti heating.—None of the minerals floated on heating in

kerosene or oleic acid.

Under reduced pressure.—None of the minerals or metals

floated when immersed in oleic acid, alcohol, or kerosene under

reduced pressure.

Behaviour of Oiled Minerals in Water and

Acid Solutions.

Nearly all the minerals and metals will absorb oil if shaken

up in water to which oil has been added. If previously oiled

as with oleic acid, vaseline, or kerosene, nearly all minerals will

float in water. Some float in the cold,; others require heating

or reduced pressure. The following float well :—Calcite,

sulphur, galena, garnet, zinc blende, wolfram, cassiterite, siderite,

cerussite, magnesite, azurite, malachite, rhodonite, and some

quartz, and the metals in form of foil. The following give no
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float, or a very poor float:— Muscovite, ainorphous niahichite,

Turquoise, gvpsiiui, quartz and particles of slate. Calcite and

niuscovite if crushed together can be separated by oleic acid,

the calcite floating, and the niuscovite not absorbing the oil.

Copper matte will give a flotation with oleic acid in HoSO^
solution. Whether a mineral is caused to float, or is merely

i-ollected together in a mass or in small rounded balls, or is

made granular but coherent, is dependent on the quantity of oil

used. A series of tests carried out showed that with an excess

of oil over the mineral the latter was caused to float by being

carried to the surface of the water by the lighter oil. With oil

jind the mineral in certain ratios as 5 gms. oil to 20 or 30 gms.

of zinc blende the oil and mineral formed one globular coherent

mass. By increasing the amount of mineral and keeping the

same amount of oil, smaller rounded masses of oil and mineral

formed which would not float until finally with a large amount

of mineral (150 gnis.) and 5 gms. oil a granular product was

formed which would float on violent agitation, being buoyed up

by attached air bubbles. On adding acid to the minerals which

have absorbed oils in presence of water, most minerals other

than sulphides and metals will not float on heating, the acid

apparently causing them to separate from the oil. The amount

of acid required to make the action selective is very small, but

from the i-esults of numerous tests it is apparent that with

only minute quantites of acid the action is only partially selec-

tive. If more acid is used the freer from gangue the concentrates

will be. Calcite and oleic acid will not mix in the presence of

oxalic acid, although the calcite is not apparently attacked.

Calcite will absorb oleic acid in the presence of acetic and lactic

acids. There is no very marked difference between the be-

haviour of sulphur and oleic acid in an acid solution or in

water. Carbon bisulphide acts similarly to an oil, and is ap-

parently absorbed by the minerals.

Oiled Minerals under rediiced pressure.

Crystalline fragments of tourmaline, garnet, zinc blende,

galena, pyrite, quartz, gypsum, andalusite and calcite—were

taken, two of each, one oiled with oleic acid and the other
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unoiled. Tliese were immersed in water, and the pressure

reduced above the water. Bubbles immediately formed on the

oiled minerals, and on further decreasing the pressure, bubbles

larger and in greater number formed on the oiled than

on the unoiled minerals. The nature of the bubbles on

the oiled and unoiled minerals were different, those on the

oiled being of an inverted watch glass shape when first formed.

On adding acid (E-gSO^) the bubbles change in character..

Most of the bubbles left the unoiled quartz and gypsum, but

not the other minerals. At the lower pressure CO^j was evolved

from the calcite which was not attacked at first, showing that

the acid solution gets under the oil film on the mineral. With

a lens minute specks could be seen on the faces of the pyrite

crystal which gradually grew into larger bubbles on reducing

the pressure. On restoring atmospheric pressure the bubbles

became almost invisible again. The bubbles on the oiled

minerals were of a more permanent character and the manner

of leaving the minerals was also different. In the case of the

oiled minerals the bubbles become distorted and drag away

more than in the case of the unoiled minerals. On warming

the solution the bubbles clung much more tenaciously to the

sulphides than to the other minerals, the quartz, calcite, and

.
gj^psum being almost free from bubbles.

If a layer of oil is floated on top of water and a particle of

a mineral as galena or quartz is dropped on to it, the mineral

will only sink as far as the top of the water and remain there.

Minerals will sink through alternate layers of different oils

floating on water, and will remain floating on the top

of the water. If a particle of some mineral is sunk in

water and a layer of oil is floated on top of the water, and

if the pressure is reduced above the surface of the oil, the

mineral particle will rise as far as the surface of the water,

and will not penetrate the oil layer. Three beakers were taken,,

each containing a saturated COt^ solution in water. A layer of

oleic acid was added to form a layer over the surface of one,

kerosene in another and petrol in the third. Particles of dif-

ferent minerals were then dropped into the beakers, and their

behaviour noted. All the minerals carried down oil with them

in the form of a circular "blob."' CO^ gas immediately began
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to collect under the surface of the oiled particles in the form

of very small bubbles, which collected to form one large bubble,

until on becoming too large it broke away and came to the

surface, the oil returning to its original form until another

large bubble formed from the smaller bubbles collecting to-

gether. On adding H\^SOj^ many bubbles and apparently the

excess of the oil left the minerals, and on standing or on heat-

ing, the minerals, tjiuirtz, calcite. and gypsum became practi-

cally free from bubbles. The sulphides, metals and garnet still

had the bubbles collected on them, but in a different form, each

bubble being separate, and not combining with the others to

form one large bubble under the surface of the oil as was the

case with water alone.

A very small amount of oil only is required to oil a consider-

able amount of any mineral. Some South Mine tailings weigh-

ing 20 gms. was added to water, and 1 drop (.0'26 gms.) oleic

acid added and the mixture shaken up, and put in a vacuum

flask. On reducing the pressure the whole product, metallic

and non-metallic, floated to the surface. With 40 gms. only

about half was raised.

In Alkaline Solutions.

On the surface.—Most minerals will float on the surface of

an NaOH solution, but for a few moments only, and then

become wetted and sink.

On heating.—When heated in a solution of XaOH, the

minerals will not float. On adding an ammonium salt, al-

though gas is given ofl", no float takes place. With some zinc

concentrates that have been previously floated, a good float

was obtained in an ammonium carbonate solution. With

NH4CI a partial and non-selective float was caused. Oleic acid

saponified with ammonia will cause non-selective flotation, and

on adding H^SO^ till acid, the silicates will sink, and the sul-

phides remain floating. A sample of zinc concentrates would

not float in NaOH, and on addition of Hg SO4 till acid would

only float after heating for a considerable time.

Under reduced pressure.—Bubbles formed on the minerals

under an NaOH solution under reduced pressure, the solution
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being free from air. On making acid with H2S0^ very few

bubbles remained on an}- of the minerals, but more were on the

sulphides than the quartz and silicates.

Behaviour of Minerals and Metals in saturated

Solutions of Gases.

In water saturated with CO.^^.—Copper foil and other metals

and also all the minerals constituting the Broken Hill tailings

will float in water saturated with CO^, being brought to the

surface repeatedly by the CO^ bubbles. Bubbles form on all

the minerals, and are not confined to the sulphides. Very few

form on g}'psuni and fewer on the quartz than on the sulphides.

On addition of H2S0j^ no bubbles remained on the gypsum and

very few on the quartz, the garnet still having bubbles attached

to it. The action is similar with a saturated solution of SO2.

Hydrogen peroxide is also similar in its action to the saturated

solutions. Tlie manner in which bubbles of gas are formed in

a solution is very important as regards their subsequent attach-

ment to the minerals. A very rapid current of bubbles may
be evolved, but the bubbles may not attach themselves to

mineral particles, and thus may not be of any use in their

subsequent flotation. Sometimes the rapid evolution of a gas

is useful as in the case where flocculent masses of the sulphides

are held together by gas bubbles insufficient to carry them to

the surface, and the rush of bubbles to the surface getting

underneath these agglomerated sulphides causes them to be

carried to the surface. The condition that seems to be the best

for the attachment of the gas bubbles to minerals and metals

is when a saturated solution is slowly evolving bubbles of gas

that are being thrown out of solution by rise of temperature,

or lowering of pressure. This takes place to a certain extent

in all the flotation processes where a hot solution is used, the

dissolved air, COo, HgS and any other gases in solution being

driven out when the temperature is raised. In the case of

saturated solution of gas, bubbles will form on almost anything

introduced into the solution. A common example is the foi'ma-

tion of l)ul)bles on pieces of cork in soda water and on the sides
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of a glass. On addition of acid the hubbies have a tendency

to select the sulphides on which to form. Some zinc concen-

trates obtained from Central Mine tailings, Broken Hill, by a

HoSO^ float were washed well, dried and then floated in water

with atmospheres of different gases above the water.

Tlie following arrangement of apparatus was used:—
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The Action of Chlorine

If particles of minerals are dropped into chlorine water,

"bubbles form on the sulphides if oiled or unoiled, fewer form-

ing on quartz and other silicates. Under reduced pressure in

chlorine water the galena and zinc blende are thickly coated

•with bubbles, the galena being attacked by the chlorine,

since the faces rapidly tarnish. Very few bubbles come

off the quartz and pyrite. A sample of Broken Hill

Proprietary zinc concentrates was washed till free from

soluble salts, and stood for half an hour with a dilute

chlorine water solution. On analysing the solution it was

found that considerable amounts of Pb, Fe, and Zn, and a

lesser amount of Al had gone into solution. SO4 was present

in the solution, but no free chlorine. With these metals going

into solution fiee sulphur must be liberated to some extent.

If a sample of Broken Hill tailings is washed with CI water

it is noticed that the sulphide particles have a tendency to

agglomerate and become buoyant, and are thus well prepared

for subsequent flotation either by film flotation or otherwise.

If a sample of tailings is shaken up with CI water-, and then a

minute amount of some light oil, as petrol or gasolene, is added

with a little HjSO^, a good flotation takes place in the cold

if calcite is present to evolve CO^- If instead of adding acid,

water saturated with carbon dioxide is added, the same result

is obtained. On some tailings a good flotation with CI water

and H2SO4 is obtained in the cold without the addition of

any oil.

Film Flotation.

Film flotation is the term used to describe flotation when

the mineral separated floats on the surface of the liquid to the

depth of the thickness of one particle only, and not as a

coherent scum as in the case of the Potter and other processes.

In film processes, as the De Bavay, the sidphides, after being

wetted, are brought into contact with the air, and fed on to

the surface of water, and remain floating as a film and not

as a scum. A sample of zinc blende obtained by film flotation
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(using H^SOj and oleic acid) was immersed in boiled water

and boiled under reduced pressure for three hours, as much of

the air being pumped out as possible. All the mineral was

then on the bottom of the flask. The top of the flask was

then closed. On being brought into contact with the vapour

above the water, a film was again formed. When examined

with the aid of a lens the film was seen to be almost ent'irely

submerged, only fine points of the particles pi'ojecting above

the surface. A film of magnetic sulphide of ii-on on the surface

of water when attracted by a magnet drew up the surface of

the water with the mineral. Copper foil will not float in air-

free water under reduced pressure, but if allowed to come in

cont-act Avith the vapour above the water will float, similarly

to the film float obtained with minerals.

Another sample of zinc concentrates from a film float was

floated on the surface of water in a flask under reduced pres-

sure, and exhausted as far as possible by a water pump. Most

of the particles forming the film sank, although the remainder

persistently floated. With a lens bubbles could still be seen

attached. It was frequently noticed that under reduced pres-

sure some mineral with oil would rise to the surface in agglo-

merated masses, and then spread out to form a film on the

surface. Sometimes a mass of sulphides clinging to a bubble

on coming to the surface and the bubble bursting, the sul-

phides would spread out as a film, the free surface of the water

taking the place of the surface of the bubble.

Action of Acids and Oils in Film Flotation.

The ores used in the following tests were freshly broken and

tested as soon as crushed, so as not to allow the surface of the

minerals to become altered. They were all crushed through a

40-mesh sieve, and flotation as a film was tried in water alone,

with oil, and with oil, acid and water.
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Specific Gravity of Floated Materials.

The specific gravity of some zinc concentrates from a Potter

(aoid) float was found to be 2.81. The specific gravity of zinc

blende is usually about 4. Two other samples of zinc con-

centrates from a process in which oil was used had a sp. gr. of

2.55 and 2.61 respectivelv. The low sp. gr. noted was due to

absorbed gases.

A sample of some clean crystalline galena was crushed and

sifted, and 20 gms. of the material remaining on each sized

sieve was taken and added to 100 c.c. water. Half a gm. of

oleic acid was then added, and well shaken up with the galena.

The specific gravity of each sized mineral was then taken, and

resulted as follows :
—

-

Spc. Gr.

On 40 sieve 6.4

On -60 sieve 6.1

On 80 sieve
".

6.2

On lOO sieve 5.8

On 180 sieve 5.8

Through 180 sieve (partial float) 3.9

Same of the finest grained material began to float on violent

shaking. The s^^eciflc gravity of galena is 7.4.

The Adsorption of Gases by Minerals.

To ascertain if oxygen was absorbed from the air by an

acid and oil solution with minerals^ the following test was

carried out : —Fifty gm. zinc concentrates were added to 200 c.c.

water, and then 2 c.c. H5SO4 and 0.5 c.c. oleic acid was added.

This solution was agitated for \ hour, and allowed to stand

18 hours in an airtight vessel. An analysis of the gas above

the solution showed that it was composed of 14 per cent. COrt.

18 per cent, oxygen, and 68 per cent, nitrogen. No H^S could

be detected. Blank tests were made with (1) acid, and (2) oil

in the same proportion as above, the gas above the solution

in each case having the composition of atmospheric air.

Another test with clean "alena from Broken H'll. with the
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same amount of oil, acid and water, agitated for ^ hour,

showed that the gas above the solution consisted of

—

1 p.c. (absorbed as CO^').

21 p.c. oxygen.

78 p.c. nitrogen.

Lead acetate paper showed a reaction for H'gS.

With mixed magnetite and zinc blende, Mt. Garnet ore

(Queensland) HoS. could be smelt strongly. This v/^as the case

also with South Comstock (Tasmania) ore. Some zinc concen-

trates from Central Mine (Broken Hill) tailings obtained from

an acid float, and agitated in a similar solution to the other

tests, showed that the gas above the solution contained COg
2. "2 p.c, and oxygen 19.8 p.c.

Collection and Analysis of Gases evolved from

Wetted Minerals.

As it seemed apparent that some gas or gases were still re-

tained on minerals after being wetted with water, it was de-

cided to collect and analyse the gas. This was carried out in

the following manner :—The mineral being examined was

wetted with distilled water that had been freed from dis

solved gases by continued boiling, and was placed in a flask

provided with gas-tight connections and connected to a vacuum

pump. The flask was immersed in water, which could be

heated when required. The gas collected was trapped in

portion of the apparatus, and transferred to a gas burette

designed to hold and measure small quantities of gas accu-

rately. In the case of minerals, the samples selected were all

clean, unaltered and in most cases cystalline fragments, ground

to pass an 80 mesh sieve. This material was imimersed in air-

free water, freed from bubbles of air held mechanically, and

then put in the flask as stated above. As some of the minerals

floated on reducing the pressure, a small cloth filter was

stretched across the end of the joint connecting the capillary

tap to the flask. This helped very much in drawing off the

gas, as when the sulphides -expanded on heating they com-

pletely tilled the flask, and with the aid of the vacuum pump
the cloth acted as a filter, only allowing the gases to pa.ss.
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In the case of the products from actual flotation processes

the samples of the concentrates were taken from the scum

overflowing from the spitz boxes, and put into air-tight bottles

in the form of a froth. The bottles were filled as nearly as

possible with this scum, together with some of the solution,

and kept air-tight till ready for analysis. All the bottles were

found to be under reduced pressure. In some cases a sample

of the gas above the solution covering the concentrates in the

bottles was taken. The results are given in the table B, page

(576), and showed that the oxygen content was very low in

almost every case. When the zinc concentrates were being

tested, the flask was filled as full as possible with the sulphide

wetted by the original solution in which they had been floated.

After drawing off as much as possible of this solution with a

pipette, the flask was filled to the top with air-free distilled

water, very little of the original solution remaining in the

flask. When the concentrates are taken out of the flask, after

being subjected to the reduced pressure, and boiled in water

or acid solution, they will as a rule float, this treatment ap-

parently not affecting the flotation properties of the mineral.

All the samples in table B would float when heated in their

own solution, or if this solution was poured oft' and water

added.

If the sp. gr. of zinc blende is taken as 4, then 4 gms.

would displace 1 c.c. of water. Therefore to float 4 gms. of

zinc blende 3 c.c. of gas (neglecting its weight) would be re-

quired, and 1 gm. would require 0.75 c.c. of gas. On heat-

ing this to 100 deg. the volume would be greater, so that if

less gas than 0.75 was attached in . the gold solution, the

mineral would still float on heating.

By collecting the gas evolved in stages it was noticed that the

first portion of the gas collected was usually air, and the last

to come off was COg, which apparently showed that the CO^

clung more tenaciously to the minerals than did air.

In some cases if the exhausting and heating was continued

till the mineral in the flask was perfectly dry, it was found

that, even if several c.c. of gas had been trapped in the col-

lecting burette, the gas went back into the flask and could

not be a^ain drawn off into the burette unless the mineral was
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rewetted. This seemed to show that the dry minerals adsorb

C0<5 and air. A sample of crushed dry crystalline galena was,

however, not affected by passing dry CO^ over it.

Description of Apparatus.

A—vacuum flask with mercury.

B—100 c.c. burette 30 inches in height.

C—capillary tube.

D—glass gas tight flask 30 c.c. capacity.

E—tap and tube with groTind glass joint.

F—capillary rubber joints wired on.

H— do. do. do.

G—cloth filter on end of joint E.

K—burette tap.

P—connection to water pump.
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The wetted mineral is placed in tiask D, and the tap and

tube E is inserted after filling with air-free water. The capil-

lary tube C is filled with air-free water, and wired on to the

tap E at F. The Ijurette B is filled with mercury by connect-

ing to the water pump, and then the capillary tube C is wired

on at H. A screw clip is also used at H for preventing air

getting into tube C when the burette B is disconnected. The

flask A is then connected to the water pump at P. On lower-

ing the pressure in A, the gas in the mineral in flask D is

drawn over into the burette B, where it can be caught by

closing the tap K. The flask D can be immersed in a water

bath and heated. The excess of water drawn over into the

burette B from the flask D can be drawn oft' by lowering the

pressure in A without allowing any of the gas to escape.

Very little gas is lost in solution in the water in this manner,

as the water collecting in A is under reduced pressure.
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Summary.

AdxiirptiDii of Ga,sts.

All minerals adsorb gases.

Sulphides appear to naturally absorb CO^.

The consequence of this is

—

(1) Particles aiv not wholly wetted when immersed in water.

(2) Particles also tend to float when sprinkled on the

surface.

(3) When immersed in water and heated, the air or gases

disolved in water will collect on the particles, and

float or tend to float them to the surface.

(i) Saturated solutions of gases in water evolve gas which

collects on all particles.

The addition of acids.—^Metallic particles, such as sulphides

and metals, when innnersed in dilute acid solution, are not

wholly wetted, but particles of rock materials become more

readily wetted, and give off their adsorbed gas. When different

diy minerals are sprinkled on the surface of dilute cold acid,

the tendency for them all is to float as in water. The minerals

are more readily wetted by hot acid solutions than cold.

T/ie addition of alkali^.—When different mineral particles

are immersed in an alkaline solution, they tend to part with

their adsorbed gases, and will not float even when heated.

When sprinkled dry on to the surface of the solution, they re-

main for a few seconds only, and then break through.

Flotation of SuIpJtides.

This is due to the property possessed by minerals of collect-

ing gases on their surface, in such quantity as to diminish the

density of the product, to less than that of the liquid. By

calculation from the decrease in density it is found that the

amount collected on dry sulphides is sometimes half the

volume necessary to float them at ordinary temperature.

Given a starting point, any gas generated in or introduced

into the solution will tend to collect on the surface of the

particles. If acid is added, the gases Avill leave the gangue

particles and collect on the sulphides ; the latter, therefore,

tend to float and the former to remain under the surface of
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the liquid. When substances in the solution, such as car-

bonates, are attacked by acids, the gases evolved saturate teh

liquid, and commence to grow on the sulphides. Sulphuretted

hydrogen, steam, air, and any Qther gases present either in the

solution, introduced into it, or evolved from the minerals pre-

sent, assist flotation, provided the sulphide pai'ticles have diy

points on them for the gases to become attached to. Some
sulphides naturally adsorb gases, and such sulphides readily

float. The bulk of Broken Hill ores may be taken as examples.

Other ores require preliminary treatment, so as to alter their

surface to some extent. This may be done in certain cases

by merely heating to 250 deg. C, or immersing in some solu-

tion which will attack the sulphides, such as nitric acid or

chlorine solution. Sulphides which condense or adsorb gases

well will gather together in a solution as flocculent masses,

while those that do not, remain individually distinct, like

grains of sand.

In certain cases sulphides will tloat in acid solution at

ordinary temperature, but for the most part with dilute acid

solution, flotation starts at about 80 deg. C. The explanation

put forward that flotation at that temperature is due to cer-

tain carbonates, such as rhodochrosite, siderite, smithsonite

being attacked and giving off COj, does not appear to be cor-

rect, for under reduced pressure these minerals are attacked

but flotation does not take place. The presence of silicic acid

and sulphui', as stated by De Bavay as necessary for a coagu-

lum, is not necessary in many cases of successful flotation.

When minerals are treated with dilute acids, and then exposed

to the air, certain sulphides adsorb gases on their surface. If

they are alternately wetted and exposed to the air, they will

become entrapped by the surface film of water which they are

brought in contact with. The appearance of the film is the

same as that of a bubble of gas under the surface of a solution

wuth sulphides attached. The sulphides in both cases adhere

to the surface film of the bubble or free surface of the liquid.

but are mainly below the surface itself. The gas obtained in

all cases from experimental work and also from samples ob-

tained from various flotation plants was CO^, . with varying

quantities of nitrogen and oxygen. There is no doubt that
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most of this gas is generated from gangue particles in the ore,

and being more sohible in the liquid than the other gases, col-

lects readily on the surface of the sulphides.

In all experiments with sulphides carbon dioxide was ob-

tained on exhaustion. This gas must have been present either

in the form of a compound easily decomposed by heating or

by reducing the pressure, or as a gas condensed on the sur-

faces of the sul^Dhides. and there retained with greater force

than other gases present. It was found that the cai'bon

dioxide was the last gas to come off.

The effect of oils.—The effect of oils has long been known

in protecting minerals from being wetted by water owing to

the oiling of their surfaces, and also the affinity of oils for

metals, and many metallic substances. Nearly all the minerals

tried could be coated with oil either in the presence or

absence of water. This seems to be connected with the-

adsorption of gases on the particles themselves, for if the

particles are deprived of their gas, then as a rule they do

not become coated with oil. It would therefore appear that

the oiling of particles is dependent on their gaseous attach-

ments. If the particles are oiled to a minute extent, the gases

previously adsorbed are retained, and if a solution is heated

more gas will become attached to the particles, and flotation

will ensue. An oil float may be obtained without acids.

jNeai'ly all minerals will, float on water after being oiled.

The flotation is apparently due partly to the lesser density

of the oil and the j^resence of gases adsorbed on the minerals

or entangled in the oil. If a large quantity of viscous oil is

used gases become entangled in it,, and the product is oily.

In course of time the particles will drop away from it, carry-

ing' down attached globules of oil. When a lesser amount of

cil is used the product becomes a coherent mass like putty,

showing no apparent tendency to float. On further decreasing

the quantity of oil, the product becomes firmer, and breaks

up into rounded pellets. With a still less (juantity of oil, when

shaken \\\) with water in presence of air the product becomes

flooculent, and increases in volume. This flocculation is due

to the adsorption of gases. With very minute quantities of oil

the flocculation becomes more pronotuiced, and the tendency to
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float becomes greater. These results may be obtained with

gangue and metallic substances. Gases collect more readily

on oiled than on unoiled particles.

The effects of acids on oiled particles.—The addition of acid

causes a more selective action. If oiled gangue and metallic

particles are immersed in water, and acid is added, then the

oil will tend to leave the gangue particles and become attached

to the sulphides. The action of the oil in this respect is simi-

lar to that of the gases attached to different minerals, and

probably is due to the same cause.

If an ore is treated with an acid and the acid is removed,

then if the particles are oiled, the oil tends to become attached

to the sulphides only. This is probably due to the removal of

the gas from the gangue, which prevents oiling of the same.

If acid and oil are added together, the action of the oil is

selective, as in the previous case. The presence of oil on their

surface does not prevent the minerals being attacked by acids.

The amount of acid required for selective flotation depends

on the composition of the ore, the temperature and the pres-

sure existing at the time. Generally it may be stated that an

increase of acid will give a purer sulphide product, but flotation

will take place at a lower temperature, and with a lesser

amount of acid, with oil and acid than with acid alone. A
selective flotation can be obtained in some cases by treatment

with a chlorine solution previous to the addition of oil, and

without the addition of acid.

Some of the light volatile oils will cause flotation in an acid

solution at a low-er temperature than the heavier and thicker

oils. With some Broken Hill tailings a flotation takes place at

ordinary temperature with sulphuric .acid and a volatile oil.

Effects of oils and aUalis.—Flotation can be obtained in

alkaline solutions when oil is used, but in every case tried the

action was non-selective. On making the solution acid the

action becomes selective, only the sulphides floating.

The flotation of mineral particles appears then to depend

on the particles having gas attached to them becoming en-

tangled, or caught, by the surface film of a liquid. This film

may be (1) the free surface of a liquid, (2) the surface of a



Flotation of Miverals. 585

bubble of gas under the surface of a liquid, or (3) the surface

of a bubble of gas above the surface of a liquid. Once the par-

ticles are entangled in this film they are sustained there. That

a considerable weight may be supported by this surface film is

shown by the ex2')eriment of floating fine-grained mineral on

the surface film of water.

The writer is umch indebted to Mr. Donald Clark, of the

Melbourne University, for the interest he has taken in the

work and for his many suggestions and help in procuring

samples. He also desires to acknowledge the heljj of Mr. T. J.

Greenway, of the Potter Sulphide Company, for his help in

procuring samples, etc. Much information and help by sug-

gestion was obtained from Swinburne and Rudorf's paper,

already referred to.
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The following investigation was carried out at the suggestion

of Professor Spencer, whom I wish to thank for his help and

advice. It is an endeavour to record the different protozoa

parasitic in the large intestine of our Australian Frogs, and

to see how they compare with those in European species. So

far I have obtained for examination only five species—viz.,

Hyla aurea, H. evingii, H. pernnii, TAinnodynastes dorsaJis

and L. taswkJxiiiensk, but I hope before long to have other

species for investigation.

In examining the contents of the large intestine I have fol-

lowed largely the methods employed by Dobell (4, 5, 6, 7, 8) in

his papei's on the protozoa parasitic in European forms. The

contents have been kept in a 0.5 per cent, salt solution con-

taining egg all)\unen and I have thus been able to keep the

protozoa alive for several day.s. For fixing I have used chiefly

Schaudinn's corrosive sublimate (hot), and for staining Heiden-

hain's iron haematoxylin with or without eosin, picro-c;irmine,

acetic acid alum carmine, and acid Kaematoxylin.

I will now proceed to enumerate the different forms of

protozoa present.

A. CiLIATA.

Two forms that I have always found to be very abundant

in the intestine are Syctotherua and OpaUna. These are

present in varying proportions in the different frogs, but gene-
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rally speaking the Opalinae are in greater numbers. Only

very rarely are they ever completely absent, and then it seems

to be owing to the lack of food material in the intestine.

Taking the Nyctotherus first, the following is an account of the

species represented in the large intestine.

Nyctotherus CordlfOPmis, Ehrenberg.

This measures on an average 213/ax128^, but larger and

smaller specimens are also present. In three of the species of

frog examined—viz. : H. aurea, U. ewingii and H. tasmani-

ensis a very large form of Nyctotherus is present, sometimes,

but rarely, in great numbers. This I take to be the same

species, but of an abnormally large size, measuring on an

average 398 fx long and 255 /x broad, and appearing quite

giant in size as compared with the others (Fig. 4). Figure 5

shows one of these with a small individual inside it which thus

enables us to see how very much they differ in size. I might

here mention that individuals of extreme size as compared

with the normal have been observed in other groups of the

Protozoa. Thus Dobell (4) records the presence in Tricho-

mastix serpentis of giant forms when he says :
" An individual,

instead of dividing when it reached a certain size, continued

to gi-ow. In this way giant individuals arose which reached

the enormous length of 30 /i, i.e., about twice the normal

length." These, however, were involution forms which were

produced through overfeeding, whilst my remarkably large

forms are present in the intestine living under normal condi-

tions. They may, however, have been produced in much the

saxne way by over-feeding.

A peculiar structure visible in some of the normal specimens

stained in Heidenhain's iron haematoxylin is a backwardly

directed flagellum (Fig. 2) running down from the posterior

end of the oral groove and then curving forwards towards tho

entrance to the cytopharynx. This is very definite in these

preparations but does not show up with other stains. I can

find no reference concerning it anywhere, unless I regard

Saville-Kent's long, stiff and outwardly projecting seta of this
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species as corresponding to it. He figures this in his " Manual

of the Infusoria " (vol. ii., plate xxix., fig. i) from Stein, and

describes the widened entrance or vestibuluni to the pharynx as

' bearing on its lower edge a single long, stiff seta." This is

figured also in Bronn's Klassen und Ordnungen des Thier-

Reichs (I. 3. Protozoa, plate G'G, figs. 5a and 5b). Some six or

eight individuals show this very clearly, though in most of

them it is smaller than the one figured. With iron-haema-

toxylin alone, the nucleus, oral groove and flagellum appear

black (Fig. 2), but when double stained with eosin they are not

so sharply marked, the fiagellum rarely being visible. Double-

stained with orange G, it is clearer than with eosin.

In Fig. 1 the position of the macro-nucleus is shown, but I

have never once been able to distinguish a micro-nucleus, and

after having used all the usual stains I can definitely state that

there has been none present. Occasionally the animal at first

sight appeared to have a small nucleus in the position in which

one would expect the micro-nucleus to be. but on further

examination it has proved to be some foreign body lying on

the outside of the animal. In Calkins' Protozoa (page 188) we

read :
" The functions of the two nuclei are supposed to be re-

spectively vegetative and reproductive (Butschli), but this dis-

tinction is i>erhaps too sweeping. Julin (93) held that the

macro-nucleus stands not only for nutrition, movement,

sensation and regeneration, but for asexual division as

well, in fact is a ' somatic nucleus,' while the micro-nucleus

functions only as a sexual nucleus." On this ground there-

fore it might be possible to account for the absence of the

micro-nucleus, for the only form of reproduction I have observed

as yet is the simple transverse division (Fig. 3), which function

we thus see may be carried out in the absence of the micro-

nucleus.

Among the Opali/iae there are three forms represented, one

of these the commonest, i.e., the one most often present and

in greatest numbers, is O. intestinalis (Stein). A detailed de-

scription of this well-known form is unnecessary, but the chief

points I have noted are as follows:—It measures from 107 ix.

to 214 /x in length and is ciliated equally all over, the cilia

being very large. The nuclei are spherical and placed in the
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anterior third of the body. They do not show the thread-like

structure connecting them which is shown in Metcalf's figure

(12), The chromatin material is gathered into masses around

the periphery of the nucleus. Ectosarc and endosarc are

clear!}' distinguished, but I have not been able to make out

any excretory organs (Fig. 6). Very small forms occur along

w'ltn these, and I think these represent the younger individuals

of the same species, for they seem to graduate up to the adults

in size. This species I have found in H. aurea, H. ewinyii and

Lim nodynasten dorsal is.

Degeneration in these forms took place soon after they were

removed from the host. First of all the body gradually

altered its shape by the swelling up of the ectosarc and became

more and more spherical. After a while the ectosarc and

endosarc merged into one another and became indistinguish-

able. The cilia gradually ceased moving and ultimately the

body began to disintegrate and was attacked by countless

bacteria.

Opalalina binucleata, n. sp.

This is found in great numbers in Jjimnodynastes dorsalis,

and on one occasion I met with it in TAinnodynastes tasmatii-

eiixis. It is a broad, flat form with two nuclei, and is ciliated

equally all over its surface, the cilia being arranged in longi-

tudinal rows as in other Opalinae. It is broader and more

bluntly pointed at the posterior end than at the anterior

(Fig. 7) and moves along with the anterior end foremost. Its

usual position when swimming along, is on either flat surface,

but as it proceeds it occasionally rolls over from side to side.

The average length is 157 /< and the average breadth 100 fx,

but larger and smaller individuals have been met with. When
the animal turns over and presents itself edge on, it is seen

to be very thin as compared with its breadth (Fig. 8), and in

section would appear flat and oval. JNIelcalf (12) divides Opalinae

into the following groups:—
(1) Species with two nuclei, l)odies circular in cross section.

(2) Species with many nuclei, body circular or broadly oval

in cross section.
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(3) Species with many nuclei, body flattened.

To these we may now add

—

(4) Species with two nuclei, body flattened. The nuclei

measure 20 yu, across, and are circular in outline, and placed

obliquely behind each other. The chromatin material is scat-

tered about in masses and is not arranged in any definite

order. There is no differentiation into ectosarc and endosarc

visible from a general surface view, and the protoplasm appears

vacuolated. During movement the posterior portion of the

body shows a rigid or rucked appearance as indicated in.

Fig. 9, so that it seems to be contracted towards this end,

and in this way it moves along.

Opalina hylarum, n. sp.

Occurs in HyJa aurea only, and is distinguished from all the

other binucleated forms which are circular in cross section by

its enormous size. It measures on an average about 420 /x,

but some individuals measuring as much as 572 p. have been

met with. The average breadth Ts 70 /x. The body is elon-

gately oval with a rounded anterior end and a slightly rounded

posterior extremity, i.e., it does not taper to a point posteriorly.

The protoplasm is granular, and ectosarc and endosarc are

clearly distinguishable right to the posterior end. A very well-

marked feature of this species is the position of the nuclei,

for they are placed very far apart, the hinder one being in the

posterior half of the body. (Fig. 10. j The chromatin mate-

rial is gathered into masses arranged around the periphery of

the nucleus. This is well shown in the transverse section re-

presented in Fig. 11. The body is ciliated round its entire

surface, the cilia at the anterior end being slightly larger than

those towards the posterior end, but there is no posterior

portion devoid of cilia (Fig. 15).

Some individuals showed only a single nucleus, in ditferent

stages of division, l)ut these are the results of recent longi-

tudinal division. In Figs. 12 to 14 the outlines of three

specimens are shown with the positions of the nuclei indicated.

In Figs. 12 and 13 the dauoliter nuclei have not yet separated.
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while in Fig. 1-i division of the nucleus is completed and the

nuclei have taken up their adult position.

In the posterior portion of the body excretory organs are

present in the form of a great number of vacuoles, forming

qiiite a network and extending from about the middle of the

body to the posterior extremity. (Figs. 10 and 15.)

B. Flagellata.

The commonest flagellate form present in the intestine is one

which I take to be identical with the Euglenoidina from Rana
temporaria and Bufo vulgaris described by Dobell, viz.,

Cojfr(j/ni)tias suhtilis. It is found in countless numbers in

cultures that have been standing for some days, and is present

in all the species of frog examined. On account of its small

size I have not been able to make out all the minute details

of structure, nor have I traced through the different .stages of

its life history, but its general form and movements agree so

closely with Copromonas suhtilis that I think we may say it is

identical (Fig. 16). A few individuals were observed undergoing

longitudinal division (Fig. 17), and also some in conjmifation

(Fig. 18).

Occurring along with these but in far smaller numbers is a

similar form which is more rectangular in outline and slightly

longer. I have not succeeded in obtaining any of these

mounted on the slide, but in the living state they appear very

similar in structure to the oval forms.

The other flagellate forms present in the large intestine are

the trichomonads. These I have found in large numbers in four

out of the five species of frog examined, there being none in

Hyla ewingii. This need not mean, however, that they are

absent in this species altogether, for I may have missed them

in examining the culture, or they may have been absent only

from the particular individiuds under inspection, l^obell (7)

says as regards the trichomonads :
''

It has hitherto been uni-

versally supposed that but one trichomonad occurs in frogs,

namely Trichomonas hatrachorum, Perty. There are, however,

in reality two, a Trichomonas and a Trirhomastir." The latter

is represented by Trichoynastix hatrachorum, Dobell, which he

jroes on to describe.
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Both these forms I can say are present in the frogs I have

examined, occurring sometimes together, sometimes separately,

though it has often been difficult to distinguish between them,

and at times quite impossible. The main difference between the

two is the presence of an undulating membrane in Trichomonas

in place of the posterior flagellum of Trichomastir, otherwise a

description of the one would hold good for the other also. The

body has an average length of about 12 /x and is oval, or

spindle-shaped. The protoplasm is clear, excepting for the

food granules at the posterior end and the nucleus at the

anterior (Figs. 19 to 22). The axostyle is sometimes A'isible

as a clear rod running through the body and projecting at the

posterior end. giving the body a spindle-shaped appearance ; at

other times it seems absent altogether and the body then

assumes an oval shape. Its form changes, however, very rapidly

and becomes amoeboid, and it is in this amoeboid stage in

particular that the two trichomonads appear so alike, and in

fact are quite indistinguishable from one another. A remark-

able form of movement was shown by one individual which

appeared to be in a dying condition. A peculiar elongated

process was forced in and out by sudden contractions and expan-

sions. The whole body was amoeboid and the process looked

as if it might have been either the undulating membrane drawn

out from the liody. if it avos a Trirh<t)n(})ia^, or the flagella fused

to the bodv and then extended, if a Tricliomastir (Fig. 23).

A somewhat similar movement was observed by Dobell in

Trirliomastir serpentis.

In the fresh forms the axostyle is sometimes swollen out

near its posterior end as represented in Fig. 22, and this may
appear to become confluent with the body when the central

portion of the axostyle is disappearing.
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EXPLANATION OF PLATES XCIY.-XCV.

In all figures

A.N. = Anterior nucleus.

ECTO. = Ectosarc.

ENDO. = Endosarc.

EXCR. = Excretory Organs.

M.N. = Macro-nucleus.

P.N. = Posterior nucleus.
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Fig. 1.

—

Nyctotherus cord iform is, showing macro-nuclens.

Fig. 2.

—

-Same, stained with Heidenhain's iron haematoxylin,

showing peculiar backwardly projecting fiagellum at end

of oral groove. Drawn with the camera lucida.

Fig. 3.

—

Same, undergoing transverse division, showing macro-

nucleus dividing. Drawn with the camera lucida.

Fig. 4r.

—

Same, drawn with the camera lucida to show the rela-

tive sizes of the giant form, Fig. la, and the normal

form, 4b.

Fig. 5.—Outline of sa??ie, showing small form inside giant form.

Fig. 6.—Diagram of Opalina intestinal is, showing cilia all

round, ectosarc and endosarc, and rounded nuclei.

Fig. 7.—Diagram of 0. hinucleata, show^ing anterior and pos-

terior nuclei, cilia, and vacuolated protoplasm. Drawn

wnth the camera lucida.

Fig. 8.—Drawing of a living 0. hinucleata as it appears when

swimming edge on.

Fig. 9.—Drawing of same, showing ribbed appearance at the

posterior end.

Fig. 10.—Drawing of 0. hylarum, showing position of nuclei,

ectosarc and endosarc.

Fig. 11.—Transverse section of same, showing arrangement of

chromatin material in the nucleus.

Figs. 12 to 14.—Outlines of three specimens of same, showing

different positions of nuclei. In Figs. 12 and 13 the

nucleus is dividing ; in Fig. 14 nuclear division is com-

pleted and nuclei have taken up their adult positions.

Fig. 15.—Drawing of same, showing excretory organs.

Figs. 16 to 18.—Drawing of Copromonas suhtilis. In Fig. 16

the adult form is shown; in Fig. 17 longitudinal divi-

sion ; in Fig. 18 conjugation.

Figs. 19 to 22.—Trichomonads. Figs. 19 and 20 represent

Trichomonas batrachorum, and Figs. 21 and 22 repre-

sent Tricliomastix batrachorum.

Fig. 23.—Diagram to .show peculiar movements of a dying

Trichomonad.
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ANNUAL REPORT OF THE COUNCIL

FOR THE YEAR, 1910.

The Council herewith presents to Meni])ers and Associates of

the Society the Annual Report and Details of Receipts and Ex-

penditure for the year 1910.

The following Meetings were held:—
March 10th.—Annual Meeting and Election of Officers. At

the close of the Annual Meeting an Ordinary Meeting was held.

Papers read: 1. "On the (Growth and Habit of Biporae," by C.

M. Maplestone. 2. " On Some Pselaphidae of the Howitt Collec-

tion," by Arthur M. Lea. 3. " A Species of Argas, Apparently

New to Science," by Georgina Sweet, D.Sc. 4. " Strongyles in

the Abomasum of Cows," by Professor J. A. Gilruth, M.R.C.V.S.,

F.R.S.E., and Georgina Sweet, D.Sc. 5. " Note on the Presence

of Spirochaetes in the Blood of Fowls, and in Tumours of Pigs

ia Victoria," by Professor J. A. Gilruth, M.R.C.V.S., F.R.S.E.

6. " Notes on a New Protozoan Parasite in Sheep," by Professor

J. A. Gilruth, M.R.C.V.S., F.R.S.E.

April 14th.—Mr. Victor Nightingall delivered a lecture on

" An Automatic System of Wireless Telegraphy." The lecture

was illustrated by experiments and lantern slides.

May 26th.—Papers read : 1. " A Haeniogregarine in the

Blood of Varanus varius," by Prof. J. A. Gilruth, D.V.Sc,

M.R.C.V.S., F.R.S.E. 2. " Observations on the Guttural Pouches

of the Horse," by Dr. W. Stapley, M.R.C.V.S. 3. " Association

oi Alga and Fungus in Salmon Disease," by A. D. Hardy, F.L.S.

4. " New or Little-known Victorian Fossils in the National Mu-

seum," Part XL—" On an Lnpression of a Bird's Feather in the

Tertiary Ironstone of Redruth, Victoria," by F. Chapman.
A.L.S. Exhibits : Dr. Stapley showed dissections to illustrate

the guttural pouches of the horse. Mr. Hardy showed micro-

scopic specimens in illustration of his paper. Mr. Chapman
showed ironstone cast of bird's feather and associated leaves

from Redruth.

24a
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June 9th.—Papers read : 1. " A new species of Cellepora, from

the South Australian Coast," by C. M. Maplestone. 2. " Obser-

vations on Parnmhiria obliqua and a Fossil Species," by C. M.

Maplestone. 3. " Modern Improvements in Rock-slicing Ma-

chines," by H. J. Grayson. 4. " Notes on the Geology of the

Country About Anglesea," by T. S. Hall, M.A., D.Sc. Exhibits :

Mr. P. de J. Grut showed some photographs taken on the Vic-

torian Eclipse Expedition to Cape York, 39 years previously. Mr.

Chapman exhibited some reputed mummy peas which had been

sent him by Professor J. W. Judd.

July Uth.—Mr. R. T. Baker, F.L.S., Director of the Tech-

nological Museum, Sydney, delivered a lecture on " The

Australian Pines: A Technological Study," which was illus-

" The Australian Pines : ATTechnological Study," which was illus-

trated by lantern slides and specimens. The following papers

were read : 1. " Notes on Blood Parasites," by Professor J. A.

Gilruth, M.R.C.V.S., D.V.Sc. ; S. Dodd, F.R.C'.Y.S. ; and Georgina

Sweet, D.Sc. 2. " Some New and Unrecorded Endoparasites

from Australian Fowls," by Georgina Sweet, D.Sc, Melb. 3.

" On Some New Species of Victorian Marine Mollusca," by J. H.

Gatliff and C. J. Gabriel. 4. '' Additions to the Catalogue of

Marine Shells of Victoria," by J. H. Gatliff and.C. J. Gabriel.

5.
' Contributions to the Flora of Australia, Part XV.," by Pro-

fessor A. J. Eiwart, Jean White, D.Sc, and Bertha Rees. 6.

' Note on a supposed Nematode in the Circular Muscle of an

Earthworm " (D iporochaeta grand is), by Gwynneth Buchanan,

M.Sc 7. " Australian and Tasmanian Coleoptera Inhabiting or

Resorting to the Nests of Ants, Bees and Termites," by Arthur

M. Lea, F.E.S.

August 11th.—A special meeting was held, at which the Laws

of the Society were revised. At the close of the special meeting

an ordinary meeting was held. Professor J. A. Gilruth delivered

a lecture, "The Relationships of Micro-parasites and Disease."

Mr. J. J. Fenton exhibited and explained a new^ Calculating

Slide Rule.

September 8th.—Mr. T. Griffiths Taylor, B.A.. B.E., B.Sc.

F.G.S., delivered an illustrated lecture, " The Glacial Geology of

the Swiss Alps."
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Octobei- 13th.—Papers read: 1. '"On the Systematic Position

of the Species of Squnlodon and Zeuglodon described from Aus-

tralia and Nev Zeahmd," by T. S. Hall, M.A., D.Sc, 2. " Fur-

ther Descriptions of the Tertiary Polyzoa of Victoria, Part XL,''

by C. M. Maplestone. 3. " Contributions to the Flora of Aus-

tralia, No. 16," V)y Alfred J. Ewart, D.Sc, Ph.D., Jean White,

D.Sc. and Bertha Wood, B.Sc. 4. " New or Little-known Fossils

from the National Museum ; Part XIL—On a Trilobite of

Upper Cambrian Ao;e (Olenus Series) in N.E. Gippsland, Vic-

toria," by Frederick Chapman, A.L.S. Mr. Chapman showed the

fossils dealt with in his paper, and Professor Skeats showed

minerals and rocks from the same area.

November 10th.—Papers read : 1. " Tlie Magnetic Properties

of ' Stalloy,' " by H. R. Hamley, M.A., and A. L. Rossiter, B.Sc.

(Communicated by Professor T. R. Lyle.) 2.
"' Morphology of

the Vermiform Appendix," by Walter Stapley, M.D., M.R.C.V.S.,

and J. C. Lewis, L.V.Sc. 3. " The Comparative Study of the

Fibula," by Wm. Colin Mackenzie, M.D., etc. 4. " The Bio-

chemical Significance of Phosphorus," by Hilda Kincaid. M.Sc.

(Communicated by Professor W. A. Osborne.)

December 8th.—Papers read : 1. " The Structui'e and General

Geology of the Warrandyte Goldfield and Adjacent Country,"

by J. T. Jutson. 2. " A Contribution to the Physiography of

the Yarra River and Dandenong Creek Basins, ' l)y J. T. Jutson.

3. " The Flotation of Minerals," by Kenneth A. Mickle. 4. "The

Structure of the Seed Coats of Hard Seeds and their Longe-

vity," by Bertha Rees. 5. " Protozoa Parasitic in the Large

Intestine of Australian Frog.s," Part I., by Janet W. Rati", B.Sc.

6. " The Aborigines of Lake Boga," by A. C. Stone (commu-

nicated by Professor Spencer). 7. "On Some Supposed Pyri-

tized Sponges from Queensland," by F. Chapman, A.L.S. 8. "A
Revision of the Species of Limopsis in the Tertiary Beds of

Southern Australia, ' by F. Chapman, A.L.S.

During the year 12 members, three country members and 17

associates have been elected, and three members and three asso-

ciates have resigned, and one member, one country member, and

one associate have died. The increase of membership is greater

than has taken place for very many years.
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Henry K. Rusden was a life member of the Society, and

was elected in 1866, served as a member of council foi- many

years, and acted as secretary at flifFerent times. During

the past few years he was unable, owing to his age, to attend our

meetings. He contributed several papers to the Society on mat-

ters of general interest. Tlie Society owes a good deal to his

energy and organising power.

Charles Graham Weir Officer, B.Sc, was elected in 1890 when

still a student at the University. In conjunction with Dr-. Lewis

Balfour and Mr. E. G. Hogg, he wrote several papers on the

Glacial Beds of Bacchus Marsh, Coimadai and Tasmania.

Andrew Anketell Henderson, M.Sc, was elected an associate

in 1905. As he lived out of Melbourne he was not known to

many of the members, but was a young man of much promise.

The Proceedings of the Society, volume 22, pt. 2, was pub-

lished on A]iril llth, and volume 23, pt. 1, on Augiist 30th.

Volume 5 of the Transactions appeared on March 22nd.

Mr. F. Wisewould was gazetted a Trustee of the Society's

ground on 17th April, in the place of the late Professor W. C.

Kernot.

The exchange list was revised by the Council during the year,

and many additions were recommended. To meet with the in-

creased demand the edition of the publications was increased by

50 copies.

A long-needed revision of the Laws of the Society was dealt

with during the year.

A digest of the papers read is now being sent to " Nature,"

and will no doubt be of value.

The constant increase of the library demanded more room, and

book stacks were erected in the old Council room. The Xorth-

East room has been renovated and is now used by the Council.

An additional bookcase has been placed in the upstairs lecture

room. Li spite of these additions the time cannot be far dis-

tant when the library will have outgrown present accommoda-

tion. The erection of a lecture-hall to seat about 300 people

would free the downstairs meeting-room for library j^uri^oses,

and would enable the Society to hold more frequent conversa-

ziones, this Ijeing at present impossible owing to their cost.
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It is to be hoped that some scheme for raising the necessary

funds will be devised.

In October the National Park, Wilson's Promontory, was

visited by His Excellency Sir Thomas Gibson-Carmichael, the

Acting Minister of Lands (Mr. James Cameron), and most of

the Members of the Committee. As a result of the visit the

Minister piomised to have several main tracks marked out and

a certain amount of forming to be done. The ranger's house at

Derby River is completed, and a small jetty in the S.W. end of

Corner Basin has been erected. The posts for the fence are

being carted into position. A few kangaroo, wombats, emu.s

and lyre l)irds have been introduced, but the Committee's wdik

is greatly liampered by want of funds.

The Librarian reports that during the year 1670 additions

have been made to the library, and about 250 volumes have been

bound. Owing to changes in the location of books the card

catalogue is very defective, but it is hoped that an early revision

will be made.
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^ojial ^acietn of Victoria.

1910.

$)atvon :

SIR THOMAS GIBSON CARMICHAEL, BART.

PROF. E W. SKEATS, D.Sc, A.R.U.S.

PROF. R. J. A. PERKY, M.D., K.K.C.S., F.R.S.E.

J. SHEPHARI).

51)011 'lErciisim-v

:

W. A. HARTNEI.L.

"H^oii. 3Cibvari.m :

K. 1). HOYS, p. A.

^jou. -Srcii't.uu :

T. S. HALL, M.A., D.Sf.

Council

p. BARACCHI, F.H.A.S.

E. J. m^\N, F.G.S.

PROF. A. J. EWART, D.Sc, Pii.l).,

replaced by

PROF. W. A. OSB(JRNE, M.P.., Cit.H.,

D.Sc.

PROF. .1. A. OILKUTH, D. V.Sc, F.R S.E.

P. UK J. GRLT.

.1. .JA.MIESOX, M.D.

J. A. KERSHAW, F.E.S.

G. SWEET, F.G.S.

Ho.N. G. SWINBURNE, M.L.A.

R. H. WALCOTT, F.G.S.

E. J. WHITE, F.R.A.S.

F. VVISEWOULD.



(Tommitti'fs of the Council

House Committfc

THK HON. TREASURER (Coxvknkr).

P. DK J. GRUT.

G SWEET, F.G.S.

$.1iiuting Comnuttcf

THE HON. TREASURER.
THE HON. SECRETARY (Co.nvknku).

PROF. A. J. EWART, D.Sc, Ph.D.

lljonoraiu ^^ubitors :

.1. E. GILBERT.
J. A. SMITH.

monorarii ^vchitrct

\V. A. M. BLACKETT.

P. BARACCHI, F.R.A.S.

PROF. W. BALDWIN SPENCER, C.M.G., M.A., F.R.S.

E. J. WHITE, F.R.A.S.

F. WISEWOULD.



1910.

LIST OF MEMBEUS
WITH THEIR YEAR OF JOINING.

Patrox.

His Excellency Sir Thomas Gibson-Carmichael, Bart. ... 1908

Honorary Members.

Forrest, The Hon. Sir J., K.C.M.G.. West Australia ... 18SS

Liversidge, Professor A., LL.D., F.R.S., Hornton-street, 1892

Kensington, Lond.

Scott, Rev. W., M.A., Kiurajong Heights, N.S.W 1855

Verbeek, Dr. R. D. M., Buitenzorg, Batavia, Java 1886

Life Members.

Butters, J. S., F.R.G.S., Empire Buildings, Collins-street 1860

west, Melb.

Eaton, H. F 1857

Fowler, Thos. W., M.C.E., Colonial Mutual Ch., 421 Col- 1879

lins-street, Melb.

Gibbons, Sydney, F.C.S., 31 Gipps-street, East Melb. 1854

Gilbert, J. E., "Melrose," Glenferrie-road, Kew, Vic. ... 1872

Love, E. F. J., M.A., D.Sc, F.R.A.S., Moreland Grove, 1883

Moreland

Nicholas, William, F.G.S 1864

Selby, G. W., 99 Queen-street, Melb 1881

White, E. J., F.R.A.S., Observatory, Melb 1868



604 List of Members.

Ordinary Members.

Anderson, J. H., M.B., B.S., Medical School, Universitv. 1909

Melb.

Balfour, Lewis, B.A., M.B., B.S.. Bm^vood-road, Haw- 1892

thorn, Vic.

Baracchi. Pietro, F.R.A.S., Observatory, Melb. 1887

Barnes, Benjamin, Queen's Terrace, South Melb 1866

Barrett, A. 0., " Melisse," Bruce-street, Toorak, Vie. ... 1908

Barrett, Dr. J. W., Oollins-street 1910

Berry, Prof. R, J. A., M.D., F.R.C.S., F.R.S.E., Uni- 190G

versity, Melb.

Boys, R. D., B.A., Public Library, Melbourne 1903

Brittlebauk, C. C, " Queensgate,'' St. George's-road, 1898

Elsternwick

Cameron, S. S., D.V.Sc, Agricultural Dept., Melb 1910

Cherry, T., M.D., M.S., Department of Agriculture. Melb. 1893

Clark, D.. M.M.E., B.C.E., University 1910

Cohen, Joseph B., A.R.I.B.A., Public Works Department, 1877

Melb.

Dunn, E. J., F.G.S., " Roseneath," Pakington-street, Kew, 1893

Vic.

Ewart, Prof. A. J., D.Sc, F.L.S., University, Melb. ... 1906

Fryett, A. G., care Dr. F. Bird, Spring-street, Melb. ... 1900

Gault, Dr. E. L., M.A., M.B., B.S., Collins-street, Melb. 1899

Gillott, The Hon. Sir S., K.C.M.G.., • Edensor,' Bruns- 1905

wick-street, Fitzroy, Vic.

Gih-uth, Prof. J. A., D.V.Sc, M.R.C.V.S., F.R.S.E., 1909

University, Melb.

Grut, P. de Jersey, 125 Osborne-street, South Yarra, Vic. 1901

Hake, C. N., F.C.S., Melbourne Club, Melb 1890

Hall, T. S., M.A., D.Sc. University, Melb 1890

Hartnell, W. A., "L-rewarra," Burke-road, Camberwell, 1900

Vic.

Harvey, J. H., A.R.V.LA., 128 Powlett-street, East Melb. 1895

Hooper, Dr. J. W. Dunbar, M.D., L.R.C.S., etc., Collins- 1904

street, Melb.
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Jamieson, James, M.D., 96 Exhibition-street, Melb. ... 1877

Jones, Dr. W. E., M.R.C.S., "Ludlow," Malvern-road, 1910

Toorak

Kelly, Bowes, 70 Queen-street, Melb 1910

Kendall, E. A., G.M.V.C, "Coniston," Esplanade, Middle 1910

Brighton

Kernot, W. N., B.C.E., Working Men's College, Melb. ... 1906

Kershaw, J. A., F.E.S.. National Museum, Melb 1900

Kitson, A. E., F.G.S.. Imperial Institute, S. Kensington, 1894

Lond.

Leach, A. J., M.Sc, Education Department, Melb 190-1

Lyle, Prof. T. R., M.A., D.Sc, University, Melb 1889

Loughrey, B., M.A., M.D., Ch.B,, M.C.E.. 1 Elgin-street, 1880

Hawthorn, Vic.

MacKenzie, Colin W. M.D., B.S., F.R.C.S.. CoUins-street, 1910

Melb.

Masson, Prof. Orme, M.A., D.Sc, F.R.8.E., F.R.S., Uni- 1887

versity, Melb.

Michell, J. H., M.A., F.R.S., University. Melb 1900

Xanson, Prof. E. J., M.A., University, Melb 1875

Oliver, C. E., M.C.E., Metropolitan Board of Works, 1878

Melb.

Osborne, Prof. W. A., M.B., Ch.B., D.Sc, University, Melb. 1910

Payne, Prof. H., M.LC.E., M.I.M.E., University, Melb. ... 1910

Petherick, E. A., F.R.G.S., F.L.S., Federal Parliamentary 1910

Library

Robertson, A. W. D., M.D., B.S., University, Melb 1909

Rrbertson. W^ A., G.M.V.C, Agricultural Dept., Melb. ... 1910

Rowe, W^. C, ' Invicta," Chaucer-street, Canterbury, Vic. 1908

Schlapp, H. H., 31 Queen-street, Melb 19()f)

Shephard, John, Clarke-street, South Melb 1894

Skeats, Prof. E. W., D.Sc, University, Melb 19l'5
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Meriihers.

Spencer, Prof. W. Baldwin, CMM.. M.A., F.R.S., Uni- 1887

versity, Melb.

Stapley, W., M.D., D.V.Sc, M.R.C.Y.S., Veterinary School. IHH)

University, Melb.

Sweet, George, F.G.S., Wilson-street, Brunswick. Vic. ... 1SS7

Swinburne, The Hon. G., M.L.A., " Shenton," Kinkora- 1905

road. Hawthorn, Vic.

Taylor, R., 31 Queen-street, Melb 1907

Walcott, R. H., F.G.S., Technological Museum, Melb. ... 1897

Ware, S., M.A., Education Department, Melb 1901

Wisewould, F., 40-8 Collins-street, Melb 1902

Country Members.

Desmond, J., R.V.S., G.M.V.C, " Ellerslie," Hurtle- 1901

square, Adelaide. S.A.,

Gregory, Prof. J. W., D.Sc, F.R.S., University, Glasgow 1900

Hart. T. S., M.A., B.C.E., F.G.S., School of Mines, Bal- 1894

larat, Vic.

Hogg, H. R., M.A., 2 Vicarage Gate, Kensington, W. ... 1890

Ingram, Alex., Hamilton, Vic 1903

Lea, A. M., F.E.S., Government Entomologist, Hobart 1909

Maplestone, C. M., Eltham, Victoria 1898

Mennell, F. P., Rhodesian Museum, Buluwayo, South 1902

Africa

Murray, Stuart, C.E., " Morningside," Kyneton, Vic. ... 1874

Oddie, James, Dana-street, Ballarat, Vic 1882

Officer. C, G. W., B.Sc, "Kallara," Bourke, N.S.W. ... 1890

Thorn, L. N., B.Sc, Shepparton, Vic 1910

Corresponding Members.

Bailey, F. M., F.L.S., Government Botanist, Brisbane, 1880

Queensland
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Dendy, Professor Arthur. D.Sc, F.R.S., Sec.L.S., King's 18S8

College, London

Etheridge. Robert, Junr., Australian Museum, Sydney, 1877

N.S.W.

Lucas, A. H. S., M.A., B.Sc. Sydney Grammar School, 1895

Sydney, N.S.W.

Stirton, James, M.D., F.L.S.. 15 Newton-street, Glasgow 1880

Associates.

Abbott, S. B., 22 Rowan-street, Bendigo 1910

Armitage, R. W., B.Sc, Continuation School, East Melb. 1907

Bage, Mrs. Edward, " Cranford," Fulton-street, St. Kilda, 1906

Vic.

Bage, Miss F., M.Sc, Fulton-street, St. Kilda, Vic 1906

Baker, Thomas, Bond-street, Abbotsford, Vic 1889

Bale, W. M., F.R.M.S., Walpole-street. Hyde Park, Kew, 1887

Vic.

Bennetts, W. R... Pakington-street, Kew, Vic. ' 1894

Barkley, H., 9 Denham-street, Hawthorn 1910

Booth, John, M.C.E., B.Sc, 25 Rathdown-street, Carlton, 1872

Vic

Brook, R. H. T 1906

Buchanan, Miss G., B.Sc, University, Melb 1910

Chapman, F., A.L.S., National Museum, Melb 1902

Corbett, J., "Clifton," ,39 Rushall-crescent, N. Fitzroy, 1907

Vic.

Banks, A. T., .391 Bourke-street West, Melb 1883

Fenton, J. J., 89 Royal Parade, Parkville 1910

Ferguson, W. H., 59 Brinsley-road, E. Camberwell 1894

Finney, W. H., 40 Merton-street, Albert Park, Vic 1881

Fulton, S. W., 369 Collins-street, Melb 1900

Gabriel, C. J., Victoria-street, Abbotsford, Vic 1908

Gabriel, J., " Cwmdar," Walmer-street, Kew 1887
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Gatlift", J. H.. 32 Morrah-street, Parkville 1898

Green, W. Heber, D.Sc, University, Melb 1896

Grayson, H. J., University, Melb
,

1902

Hamilton, J. T., " Brooklyn," Heidelberg-road, Ivanhoe ... 1910

Hardy, A. D., F.L.S., Lands Department, Melb 1903

Henderson, A. A., M.Sc, Agricultural High School, Wan- 1905

garatta, Vic.

Herman, Hyman, B.C.E., F.G.S., 60 Queen-stret, Melb. 1897
Hoadley, C. A., "Bella Vista," Cotham-road, Kew 1910

Howitt, A. M., 32 Acland-street, St. Kilda 1910

Hunter, S. B., Department of Mines, Melb 1908

Jobbing, G. G., Electric Lighting and Traction Co., 1902

Geelong, Vic.

Jutson, J. T., " Oakworth," Smith-street, Northcote, Vic. 1902

Kenyon, Mrs. A. F., 291 Highett-street, Richmond, Vic. ... 1908

Kenyon, A. S., Heidelberg, Vic 1901

Lambert, Thomas, Bank of New South Wales, Benalla, 1890

Vic.

Lewis, J. C, L.V.Sc, Veterinary School, University 1910

Luly, W. H., Department of Lands, Treasuiy, Melb. ... 1896

Mitchell, S. R., Carrington grove, E. St. Kilda, Vic. ... 1908

Maclean, C. W.. '• Bronte," Strand, Williamstown, Vic. 1879

Mahoney, D. J., B.Sc, " Coonal," Clendon-road, Toorak, 1904

Vic.

McEwan, John, 317 Collins-street, Vic 1898

McKenzie, G. Lands Department, Melb 1907

McNab, y. R., ' Almaden," Kooyong-road, Caulfield 1910

Miller, E. E., Boundary-road, Toorak, Vic 1908

Moule, F. G., " Seaconibe," Brighton 1910

Nicholls, E. B., 164a Victoria-street, North Melb 1904

Nimmo, W. H. R., B.C.E., Brisbane, Q 1908

Oliver, Miss K., University, Melb 1910

O'Neill, W. J., Lands Department, Melb 1903

Ower, L. H., State Coal Mine, Wonthaggi 1910
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Pritthard, G. B., B.Sc. F.G.S., " Talavera," 6 Kooyong- 1892

road. Hawthorn.

Raff, Miss J., B.Sc, University, Melb 1910

Reeis. Miss B., University, Melb 1910

Richards. H. C, M.Sc, Central Technical Colle.^e, Bris- 1909

bane, Queensland

Ritchie, E. G., Assoc. M.I.C.E., Met. Board of Works, 1909

Melb.

Roberts, R. D., " Braeniar," Stirling-street, Kew 1909

Sayce, 0. A., Harcourt-street. Hawthorn, Vic 1898

Schafer, R., " Invercloy," Napier-street, Essendon, Vic. 1883

Smith, J. A., 15 Collins-place, Melb 1905

Stillwelh'F. L., Ormond College, Parkville 1910

Summers, H., B.Sc., 49 Airlie-street, S. Yarra, Vic. ... 1902

Sutton, C. S.. M.B., B.S., Rathdown-street, N. Carlton, 1908

Vic.

Sutherland, Ian M.. M.C.E., " Novar," Dandenong, Vic. 1905

Sweet, Miss G., D.Sc, Wilson-street. Brunswick, Vic. ... 1906

Thorn, Wm., Mines Department, Melb 1907

Thiele, E. 0., M.Sc, c/o 0. A. Thiele, " Evandale," 1898

Chatham-road, Canterbury, Vic.

Traill. J. C, B.A., B.C.E.. " Osmington," Domain-road, 1903

South Yarra, Vic.

Wedeles, James, 231 Flinders-lane, Melb 1896

Whi'te, Miss R. E. J., M.Sc, Observatory Quarters, 1908

S. Yarra, Vic.

Wilkinson, H. L.. M.C.E.. Equitable Buildings, Melb. ... 1909

Woodward, J. H., Queen's Buildings, Rathdown-street, 1903

Carlton, Vic.
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The names of new genera and species are j.rintcd in italics.

Aborigines, 433

Acacia ewartiana, 287

Kochii, 285

leptoneura var. eremophila,

286

Acanthochites maughaiii, 95

Adelotopus celeripes, 120

variolosus, 121

Agnostus australiensis, 314

Alga, 26

Algae, Victorian, 31

Aloe arborescens, 287

Amarygmus terrnitophilus, 223

Angianthus lanigerus, 288

Anglesea, geology, 44

Anisotoma inyrinccopliila, 189

Annual Report, 595

Arcoperna scapha, 97

Argas vlctoriensis, 15

Arthropterus latus, 178

neglectus, 177

Articerus constricticornis, 171

constrictiventris, 172

cylindricornis> 174

dcntipes, 167

cxcavipectus, 169

femoralis, 173

inrgularis, 168

inastersi, 170

raffrayi, 166

Aspidostoma otwaynsis, 280

Asplenium furcatum, 289

Atriplex patulum var. Iiastata,

54

pterocarpa, 110

Australina pusilla, 289

Barbiana stricta. 111

Banksia integrifolia, 289

niarginata, 289

Bartsia trixago, 289

Batrisodes iiiynnecnpliilus, 148

Biporae, 1

Boga natives, 433

Boronia denticulata, 290

Botany, 285

Brettia bn'vis, 271

Bryaxis ater, 10

Buchanan, G., 99

Buplenrum rotundifolium, 54

Bursaria spinosa, 55

Bythinus niger, 12

Caberea morningtoniensis, 271

Caecum, intestinal, 342

Caladenia latifolia, var. glnn-

dula, 290

Caladenia Patersoni var. dila-

tata, 290

Calliostoma zietzi, 95

Calodera cuneifera, 130

laticollis, 131

pundircntris, 131

Canijjrian fossils, 305

Caricellaria stricta, 89

Catenicclla ampla, 267

bairnsdalei, 267

concinna, 267

cuneifiirinis, 267

el gatitissinia, 267

inorningt()ni''nsis, 267

Cellcpora verticalis, 40

Cellularia balcoiniensis, 275

monraboolensis, 275

Centaurea nigra, 56

Chapniau. F., 21, 305, 415, 418
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Chenopodiiim rubrum, 56

Chlamydopsis carbo, 204

exoarata, 200

glabra, 203

Inngipfs, 201

retioulata, 199

variolosa, 206

Chlamys radiatus, 98

Cliorizema nervosa, 57

Cingulina magna, 84, 91

rhyllcnsis, 84, 91

Clambus myrmewphilus, 19

Clavigeropsis australiae,

Claviporella airensis, 270

bicornis, 270

Coleoptera, 8

in ants' nests, 117

Columbella franklinensis, 82, 88

gemmulifera, 89

remoensis, 82, 88

Committees of Council,

Condylocardia porrecta, 97

Conyza scabiosaefolia, 291

Crassitellites micra, 97

Crepicephalus etheridqei, 319

Cribrilina tenuicosta, 280

Criuoid joints, 309

Croydon Seukungsfeld, 475

Ctenisopbus, 8

rivularis, 156

Ctenistes vernalis, 8

Cusjoidaria tasmanica, 96

Cyclostrema delectabile, 93

denselamiuatum, 94

miorosGopica, 84, 94

Dabra nitida, 133

termitophila, var. victorieii-

sis, 134

Dabrusoma, 135

Dandenong creek, 470

Daphnella bitorquata, 90

lamellosa, 90

Davainea varians, 243

Diplocotes armicollis,

decemarticnilatus, 220

strifjiajllis, 221

Ditoma villosa, 209

Dodds, S., 232

Drillia tricarinata, 89

Ehrliarta panicea, 57

Eleusis nigriventris, 140

Emarginula siiperba, 95

Episcaphula termitophila, 227

Eremopliila merralli, 291

Eriostemon linearis, 293

Esclischoltzia californica, 58

Eupines atra, 11

flaruapicalis, 150

linspi's, 149

nigra, 12

Euplectops vtliosus, 145

Euplectiis excisus, 13

Ewart, A. J., 54, 110, 285

Farcimia airensis, 272

Feather, fossil, 21

Fibula, anatomy of, 358

Flora, 54, 110

Australian, 285

Flotation of minerals, 555

Fossils, 21, 257, 267, 305, 415, 418

Gabriel, C. J., 82

Gardiner's Creek, 499

Gastrolobium Laytoni, 111

Gatliff, J. H., 82

Geology, Anglesea, 44

Gilruth, J. A., 19, 36, 102, 105,

232

Girvanella, 308

Glycimeris sordidus, 97

teuuicostata, 97

Glyptoma kingi, 142

myrmccophelum, 141

Gnaphalium 25urpureum, 58

Grayson, H. J., 65

Guttural iDouches of horse, 33

Haemogregarina mcgalocystis, 234

Haemogregarine, 36

Hakea sulcata var. intermedia,

293

Halgania erecta, 58

IJall, T. S., 44, 257

Hamley, H. R., 324

i
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Hardy, A. D., 27

Helepterum splendidum, 59

Hibbertia millari, 112

Hibiscus Trionuui, 112

Homalota australasiae, 132

Horse, guttural pouches, 33

Howitt collection, 8

Imbricaria porphyria, 88

luversiula airensis, 281

quadricornis, 282

Jutson, J. T., 470, 516

Kekenodon, 258, 262

Kellia augasiana, 96

Kincaid, H., 368

Kyllingia brevifolia, 59

Language, Australian, 433

Lea, A. M., 8, 116

Leiostraca jnshuana, 83, 91

Lepralia venusta, 280

Leptou ovatum, 96

Leptospermum scopariuni, 112

Lewis, J. C, 342

Limopsis, 419

Liuaria vulgaris, 59

Lingulella, 310

Linum albidum, 294

gallicum, 295

i-iiutea jietalifera,

Lippistes zodiacus, 91

Mackenzie, W., 358

Magnetic, Stalloy, 325

Mangilia fallaciosa, 90

gatliffi, 39

hilum, 90

insculjita, 90

Maplestone, C. M., 1, 40, 42, 267

Marginella agapcta, 88

Stanislas, 88

Melaleuca neglecta, 60

Members, List of, 603

Membranipora laevissima, 276

ovifera, 276

Membraniporella tenuicosta, 280

Menipea uniserialis, 272

Metasqualodun, 262

Mickle, K. A., 555

Microfilaria gymnorhinae, 236

Minerals, flotation of, 555

Mitcham axis, 482

Mollusca, catalogue, 87

new, 82

Monadnocks, 502

Mouoporella venusta, 280

Murex damicornis, 87

Mynnicholaeva ucutifroiis, 192

lata, 190

ligulata, 194

punctata, 194

Nematode, 98

Nepharis serratiaillis, 2U8

Nillumbik peneplain, 477

NovajDUs bifidus, 217

Office-bearers, 001

Ore flotation, 555

Orthis platystropkioides, 311

Osteology, 358

Oxyspirura parronun, 247

Parasites, 15, 19, 99, 232, 242

Farasquahdon, 262

Parmularia obliqua, 42

Phagonophana latipennis, 188

macrosticta, 189

Phooodon, 257

Pholidia coerulea, 291

Phosphorus, biochemistry, 368

Phylactella, hairnsdalei, 280

Physalis viscosa, 61

Physiography, 470

Plectostenus <iracilicornis, 146

Polyiobus colobopsis, 128

coxb, 124

dafeyi, 126

ectatunnnae, 127

infuscaticornis, 126

intrepidus,

pallidominor, 129

semiopacus, 123

tasmaniensis. 125

Polyzoa, 1, 40, 42

fossil, 267

Pot-holes, 510

Prasophyllum brachystachyuni, 113
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I'l'iiKopliyllnm desijoctisus, vjir.

intermedin, 1 1 1}

ititriciitinn, 61

J'ros(iualodon, 26]

ProteoBoma hizinrac 2'.i2

Protozoon paraHilc, 19

PHclaphidae, 8

P.solapliiiH flainpalph, 153

Ptyclioparia mini in (i, IJlS

I'liltciiiU'u adiinca, 1 14

villifera, (il

(.^lU'ciiHland I'ossils, 11.0

Kapidw, 507

Rccs, J?., 54, no, :j9;i

Uliytns 8pp, i)

l.'isaoa Jackson i, 94

liddcliana, 94

Hubl'uBca, 94

Hock Hoction machine, 05

ItoHHiicr, A. L., 32'1.

Sagiitaria sagittael'olia, (il

Salmon disease, 27

Sarcja stijjoidea, 297

Saxicava sulxdaiii, H5, 9()

8cala acantlioplciira, 91

Hconella feimistriafa, ;Jl;j

SciKMiin^l!;!. auHtralis, 95

Scydnuicnilla aiiiMricia, 1H7

Scydmaoniis casttiiicoijidhcr, 184

(•lieniulua, 181

colobopsis, 181

(htrryi, 182

ilupiivuius, 18'1'

ichihiiniiKie, 18;5

ijhdii i iicnnis, 182

inicrDpa, 185

oiitdlus, 18G

siitipliciconiis, 185

Sei'd coat. ;{9;j

SoodH, l()n}:f('vi(y, M9.'!

Si'uci'io Hiiatliulat.iiH, (52

Si))ii()nia, 41()

Sulanum coactilircriini, (12

liotorandnuii, (52

niiiininilai'iiiiii. 299

Sdhuiuin orbiculatum, 299

Spirocliactac, 105

Spirocliactosis, 102

Sponges, fossil, 415

S(|ua]odon, 257

Stalloy, Magnetic properties, 325

Staplcy, W., 33, 342

Steganoporella hairnsdnlci, 277

diftiiiicims, 277

airloi'HUH, 278

(Icinuinfl, 276

chniijafd, 278

Stone, A. C, 43:)

Strophipora liirris, 269

Stylidiiim aisinoides, 299

clongatum, 300

StyJifor brazieri, 91

Sweet, (Jeorgina, 15, 232, 242

Syiiiipticclla asyiiunctriat, 273

ciasxinianiinata, 274

ilciinanfi, 274

gibbosa, 273

ovalis, 274

reda, 275

SyiiapticrU'Ulac, 272

T('rn\(>}ihU(i hiicbricdld, 13G

/ri('/((7/rr(( /;/«, 137

Tertiary lowsils, 267, 418

TiialaiHoporella alrciuns, 279

(IriiiKinti, 279

'llialotia woodsiana, 95

Tiiracio|)sis arenosa, 9(5

Tmesipliorns brcricnniis, 161

curcipis, 159

})in\viii<\ 15S

lulpis iiniliellala, 114

Trvtullunacidac, 210

'I'retolhovax clcislostomit, 213

Trilobitcs, 314

Trii)lior:i albovittata, 92

arniiUata, 92

eana, 93

geninicgeiis, 93

rcgina, 91

spina, 93

Tritoinideii. t(i.siiitini(u\ 226
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Trogophlacus iniinnccophilns. llW Vittatioclla (/•»c//'or/;iis', 271

Tropliou laminatiis, 87

Tyromorphus fonnicinius, Kil2

howitti, 10

Tyriis howitti. 10

Verbesina eneelioidos, 62

Vermiform appendix, 342

Veronica salioifolia (liylirid"). lit

speciosa ^hybrid), 114

Verticordia bclinsii. :^(il

Warraudytc goldticid, 516

White, J., 110, 285

Wood, B., 54, 285

Yarra Platean, 473

physiography, 470

Voring sjorge, 481

Zensflodon, 257

Zostera marina, 63

nana, 63
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