
THE

PROCEEDINGS
OF THE

LiririEHN Society
OF

New South Wales
FOR THE YP:AR

1917
Vol. XLII.

WITH FIFTY PLATES.

SVDNEY:

PRINTED AND PUBLISHED FOR THE SOCIETY
BY

W. A. PEPPERDAY ct CO, 119a PITT STREET
AND "

SOLD BY THE SOCIETY

iyi7-is.



PRESIDENT S ADDRESS, 9

over thirty-four years. The Society has one copy only of each

of the first three numbers, and consequently only one complete

set. The destruction of the Society's records up to September,

1882, has deprived us of any knowledge of the circumstances

which led up to the adoption of the practice of publishing a

Monthly Abstract; and the matter is not referred to in the

address of the President, at the following Annual Meeting in

January, 188.3. It was doubtless intended to keep Members

and Societies at a distance in touch with the Society's work; and

this it certainly did, because the "Zoologischer Anzieger," up to

the time of the outbreak of war, very kindly was accustomed to

republish the zoological portion of each monthly number.

" Nature," also, for many years has helped us in a similar

manner by publishing the abstracts of the papers read. The

Society's indebtedness to these two journals, for their co-opera-

tion in diffusing a knowledge of the work done by the Society,

is considerable, and may here be gratefully acknowledged. When
conditions again become normal, the question of the resumption

of the publication of the Monthly Abstract may be expected to

receive the consideration of the Council.

As regards the Proceedings, the Society's printer has been

able to obtain the necessary amount of paper so far required, but

at a substantial increase in cost. Printing paper is not manu-

factured in Australia and we are dependent on British supplies.

Now that the nation is mobilised for war, and the Government

has placed restrictions on the production of various commodities

for the sake of economy in man-power and tonnage, we are likely

to feel the effect; and, just at present, the Council does not know

what are the prospects of being able to carry on our publishing

work on the usual scale in the immediate future. At any rate,

I take the opportunity of reminding Members of the Council's

appeal for all possible curtailment in the size of papers and in

the notices of exhibits, otherwise it may necessitate their being

declined, or being subdivided, and taken in instalments. The

ability to deal with long papers is deteriorating until conditions

again approach the normal; and, meantime, economy in space is
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ON THE CILETOSOMATID.E, WITH DESCRIPTIONS
OF NEW 8PECIE8, AND A NEW GENU8 FROM
THE COAST OF NEW SOUTH WALES.

By Vera A. Irwin-Smith, B.Sc, Science Research Scholar

IN THE University of Sydney.

(Plates xliv.-L, and 59 Text-figures.)

Introduction.

The ChfHtosoviatidcE are a group of curious, little, free-living,

marine worms, which appear to be related to the Nemathel-

minthes, more especially to the Nematoda, though they cannot

at present be directly included in any recognised class. They

have been found only along the shore line, and at shallow depths

off the coast, where they live on the rocky or stony sea-floor,

among clumps of seaweed and shell-tish; and creep along by

curious, looping movements like those of a leech. In this move-

ment, they are assisted by adhesive seise situated in rows on the

undersurface of the body towards the posterior end, and in a

fringe round the anterior margin of the "head-swelling." These

setye, and the enlargement of the anterior end of the body to

form a head-like swelling, constitute two of the most prominent

characteristics of the animal, by which it is distinguished from

any other known worm. All the ChcetosomatidcH are very small,

rarely exceeding 1 mm. in length, and cannot be detected by the

unaided eye.

Historical.

They escaped observation until 1863, when Claparede^l) dis-

covered a single female specimen on the coast of Normandy^ To

this, he gave the name Chcetosotua ophiocephalu7n.

Three years later, Metschnikofi' found them in considerable

numbers in the Mediterranean Sea, near Salerno; and, in 1867,

published a brief description (2) of a species differing slightly from

that found In' Claparede.
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Between 1867 and 1881, four zoologists, Greef(3), Barrois(4),

Panceri(5), and Levinsen(6) recorded the finding of Chcetosoma

in such widely separated localities as the Canary Islands, Brit-

tany, Ischia, and Greenland, but added little or nothing to the

description given by Metschnikoff, though Panceri added another

species, C. tristicochceta Panceri. He himself considered this to

be a new genus, to which he gave the name Tristicochceta

inariyneiise', but it is now thought that the difference on which

he based his classification is not of generic importance. J>Jothing

further is recorded of Chcetosoma for twenty-six years. Then,

in 1907-1908, Schepotieff(7-8) published a brief, general account

of the group, including a description of two new species, which

he had found at Bergen and Naples. Seven years later, a short,

systematic description of two additional species appeared in a

paper by Southern in the CJare Island Survey Series (8).

I have not had an opportunity of seeing the original papers

by some of the earlier workers (4-6), but Schepotieff states that

tiiey are all brief and superficial, and based almost exclusively

on studies of whole preparations.

Levinsen's description is not made clear by illustrations, and

is so imperfect otherwise, that identification of the new species

he reported is uncertain. According to Schepotiefi'(8), it is pro-

bably identical with Chcetosoma tristicochceta. Greef (3) confines

himself to the statement that he frequently found Chcetoso7na

in different localities on the coast of the North Sea and the

Canary Islands, but, beyond a few new species (which he does

not describe or name), he could add nothing of importance to

Metschnikoff's description. His paper, on some remarkable

forms of Arthropod- and Worm Types, deals mainly with the

consideration of the systematic positions of tliis and other

genera, which he designates as remarkable creatures, new or

incompletely described, which bear in themselves the character-

istics of different classes of animals, without inclining, with any

decision, to one or other of them. He considers that the study

of these yet living transition-forms between different classes of

worms offers a great attraction to investigators, and demands as

complete an investigation as possible, from every point of view,
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of tlieir organisation and life-history. Scbepotieff's papers (7-8)

deal with what he terms "The Nematoid representatives of the

microscopic fauna of the rocky sea-bottom/' including, in this

term, the Desmoscolecidce, Echinoderidce^ ChcEtosoma, Rhabdogaste7\

and Trichoderma. His description is based on collections made
on the coasts of the Adriatic, the Gulf of Naples, and the fjords

of Norway. In the latter place, he had made extensive dredg-

ingson a submarine reef running across the Byfjord near Bergen,

and obtained Cluplosoma in large numbers in the coast-zone (10-

15 metres), in the years 1903 and 1905.

In his first paper(7), he gives a brief description of the external

features only, explaining that the internal organisation is very

difficult to investigate, owing to the strong development of the

external cuticle, and its impenetrability to reagents, A year

later, 1908, he published a fuller account (8), including in it ob-

servations on the internal anatomy made by means of transverse

sections of a single species, CJutlosoma lottgirostrum. This, ap-

parently, was the first time a successful attempt had been made

to section the worm. But the drawings are lacking in detail,

and a much fuller description is required to complete our know-

ledge of the anatomy of this group. As yet, too, no work at all

has been done on the life-history.

Until 1914, the ChcetosomatidcE were not known to occur out-

side the waters of the North Atlantic and Mediterranean Seas,

though Schepotieff expresses the opinion that they are cosmo-

politan, and belong to the most numerous and most typical re-

presentatives of the microscopic fauna of the rocky sea-bottom.

In that year. Professoi- Haswell found a few individuals of two

new species in Port Jackson, N.S.^^'.; and, some time later, he

drew my attention to them.

I)uring the past year, I have collected and examined specimens

of these, and two additional species from the sea-shore in the

vicinity of Sydney. The present paper is a record of that work,

and an attempt to follow Greef 's advice i3), and give as complete

an account as possible of tije anatomy of these curious, little

creatures.
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Mode of Occurrence.

I have not found the Chcetosomatidai anywhere in the great

numbers mentioned by Greef (3) and Schepotieff (7), but I have not

been able to make dredgings on the sea-floor at depths of 10-15

metres, where Schepotieff found them to be most numerous in

the Byfjord. My search has been confined to deptlis accessible

from the shore, from lowwater-mark to 5-6 feet below it, ob-

taining material from this depth by means of a long-handled net,

and a bucket.

Long and careful searching has revealed a few scattered repre-

sentatives in most of the material collected from clumps of

molluscs and seaweed in different parts of Port Jackson and

Broken Bay, and along the ocean-shore between these two bays.

Round Circular Quay, they are to be found in fair numbers on

the growth on the jetties; but, in the very dirty water of

Darling Harbour, they appear to be almost entirely absent. I

found only one in a very large quantity of material collected

from an old pile, 40 feet long, which had just been pulled up,

this specimen coming from a depth of 16-18 feet below low-

water-mark. Further up Port Jackson than this, (a distance of

some 4^ miles from the ocean), I have not found any. In all, T

have secured about 100 specimens as a result of collections ex-

tending over six to eight months in 1916 and 1917. The

majority of these came from Circular Quay, Cremorne, and

Vaucluse, in Port Jackson; and Lion Island and Pitt Water, in

Broken Bay. Most of them, I have found at very shallow-

depths, a few actually above lowwater-mark, and all of them

among the growth of Algse, Sponges, Molluscs, etc., on rocks or

piles. They do not appear to be present where the sea-floor is

composed of pure sand or mud, nor in coralline zones.

Methods of Collecting employed

The methods of collecting adopted varied only slightly with

the different species. When dealing with large quantities of

material, the clumps of seaweed, sponges, etc., were transferred

to a large bucket of sea-water, broken up, and thoroughly washed.

The fine mud in suspension in the water was washed off by means

of a siphon-funnel, the mouth of the funnel dipping into the



BY VERA A. IRWIX-SMITH. 761

bucket being covered b\^ miller's silk, to prevent the escape of

anvthing but the finest sediment. Fresh water was continually

added, till that in the bucket became fairly clear. It was then

poured off into another vessel through a coarse wire-sieve to get

rid of the more bulky material (some of which was kept for later

examination), and concentrated by siphoning or filtering off' most

of the water through miller's silk.

The constant choking up of the silk by the fine sediment

caused a good deal of difficulty in the use of the siphon. The

same difficulty was experienced in filtering, when the finer

quality of miller's silk was used, but I was uncertain whether

the coarser quality would catch the CJuetosoraa. It was neces-

sary, therefore, to keep the filtrate from the coarser silk, filter it

through the finer, and examine the material caught on this, and

the water which passed through it. I was also uncertain whether

the washincrs sfiven to the bulky material collected were effectualDO ^

in detaching the worms adhering to the seaweed, etc.

Until these points were settled, it was necessary to make four

separate examinations under the dissecting microscope of each

lot of material.

(1). Seaweed, shales, sponges, etc,

{'!). Material caught on coarser silk.

(3). Material caught on finer silk.

(4). Filtrate from the finer silk.

I have never found anything but finely suspended mud in

No. 4, and, so far, no Chcetosoma in No. 3; so that I think the

coarser silk, which filters much more rapidly, can be used with

safety. When dealing with small quantities of material gathered

along tlie shore, I shake and wash it thoroughly in a jar, and

filter off the water directly through the coarser silk, without

making use of the siphon. The material caught on the cloth is

either washed into a small dish of sea-water for immediate micro-

scopical examinaticm, or fixed for later examination.

Whether the washing is effective or not, seems to depend on

the species of worm present. NotocJuetosoma tenax clings so

firmly to any support, that it is most difficult to detach it. I

had found seseral worms of this species in material which had

55
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been fixed before washing, but six hours' search through a second

lot of material (fresh) from the same spot yielded only a single

specimen. A careful examination of shells and seaweed revealed

the living worms still clinging to them, after a very thorough

washing. It is most difficult to detect the worm against the

dark background of seaweed, so that, unless living specimens are

required, the material collected is fixed before washing. With

C. haswelli, there is not the same difficulty, as they wash off

much more readily.

Methods of Preparation.

Various fixatives have been tried— formalin, sublimate-acetic,

Carl's, glycerine-alcohol, and 70% alcohol, hot and cold. Formalin

or sublimate-acetic, which for bulk-fixing are the most con-

venient, seem to give as good results as any.

Stains used in the preparation of whole mounts include Erlich-

hsematoxylin, picro-haematoxylin, picro carmine, borax-carmine,

and para-carmine. The picro-stains give very poor results.

Erlich-hsematoxylin and borax-carmine seem to be the most satis-

factory; but the worm requires prolonged immersion in these,

especially in the first, owing to the thickness of the cuticular

covering. The length of time required varies with the species;

three or four days for the species which have a very thick cuticle.

Clearing is a very difficult process, as most clearing agents,

unless very carefully applied, shrivel and distort the animal.

The more delicate C. haswelli mounts well in glycerine-jelly,

when cleared for some time in glycerine-alcohol (glycerine, 10%;

alcohol, 90%) under a bell-jar; but for the species with thicker

cuticle, clove-oil or cedarwood-oil must be used, and the mounting

done in Canada balsam. I have found clove oil the best, but it

is necessary to add it very gradually, drop by drop, to the abso-

lute alcohol, bringing up to pure clove-oil only after a day or two.

For section-cutting, the double embedding, paraffin-celloidin

method was used. A few worms were embedded direct in paraffin,

after clearing in cedar-oil, but the result was unsatisfactory; as

was also the case when a celloidin-block was dispensed with, the

worm being transferred direct from ^% celloidin-solution to
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cliloroform. In these cases, the handling of the minute speci-

mens was a great difficulty. In all cases, I found it necessary

to stain the worm slightly before embedding, in order to locate

it with the dissecting microscope when cutting out the celloidin

or paraffin block.

The mounted sections were afterwards double-stained with

Erlich-hsematoxylin and eosin. Satisfactory sections are difficult

to obtain. C/uetosoma haswelli is so delicate, that the body-

walls tend to fall together during the embedding process; and,

when this occurs, the transverse sections take the form of a

narrow thread, in which it is impossible to make out details of

internal structure. Chcetosoma falcatum and NolocJicpiosoma

tenax, which have a very thick, external cuticle, and, conse-

quently, a firmer outline, sometimes give good transverse sec-

tions, but they tend to tear out of the block, especially in longi-

tudinal section.

For many of the specimens examined, I am indebted to Pro-

fessor Haswell, whom I have to thank for the direction of the

work, and in whose laboratory it was carried out.

I have also to thank Acting-Professor S. J. Johnston for the

valuable assistance he has given me in the preparation, both

of the material and the paper; and Mr. R. J. Tillyard for his

kindly and helpful criticism and interest during the progress of

the work.

Structural Features of the CHiETOsoMATiD^.

All the Chcelosomatidce have an elongated, cylindrical, worm-

like body, tapering posteriorly to a sharply pointed tail, and
usually swollen anteriorly to form a more or less distinct head.

For purposes of classification into genera aiid species, the dis-

tinguishing features are the shape and size of the head-swell inf',

and the extent of its demarcation from the trunk; the character

of the pharynx; the number of rows of ventral and head-seta?,

and their position; the character of the setae; the relative prp-

portions of the trunk; the thickness of the external, cuticular

covering; the variations in the character of the transverse stria-

tions, and in the size and arrangement of the body-hairs with
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which it is beset; and the general shape which the worm tends

to assume, when fixed.

In all species hitherto described, the head-area is clearly dis-

tinguishable into three regions.

(1). The frontal part, known as the rostrum, on which the

cuticle is not striated. This, as a rule, bears the anterior "head-

hairs" or setae, and a pair of curious, laterally situated, spiral

grooves.

(2). The middle part, always the narrowest of the three regions,

which is ringed by cuticular striations, much coarser and more

strongly marked than on any other part of the body.

(3). The hinder part, only distinguishable from the trunk by

its greater thickness, and the "neck"-constriction which marks

it off from the latter.

But in two of the New South Wales species now^ described,

there is little or no demarcation of a head-region. The pharynx

lacks the typical, swollen "bulbs," and, in consequence, the

anterior end of the body is very little, if at all, enlarged. The

worm can be distinguished from a Nematode only by the rows of

ventral setae, and its characteristic creeping mode of locomotion.

The absence of a head-swelling would seem to suggest that

these worms are more nearly allied to lihahdogaster{2, 10) than

to Chcetosoma. But, in the general structure of the body, they

difi'er considerably from Bhabdoyaster, and are very similar to

other species af Chcetosoma. There is no median constriction of

the trunk; the ventral seta? are stout, hollow rods, with distal

segments, not delicate and crook-like, as in Rhabdoyaster; and

the female genital pore and genital organs are situated in the

anterior, not the posterior half of the body.

I have, therefore^ placed these two worms as a new genus,

Notochcetosotna, in the family Chcetosomatidce. The typical

rostrum is present in both species of KotochcetosQtna^ but there is

no special "banded" area of coarsely striated cuticle behind it.

This banded area is also absent in one of the New South Whales

species of Chcetosoma, described as C. falcatum.

The number of rows of ventral, locomotor setae is of consider-

tible systematic importance. All four New South Wales species

1
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liave four rows. Of the Chrtosomatidcti hitherto described, three

species liave two rows: three species, three rows; and two

species, four rows. It has been suggested that these three types

should be placed in three distinct genera.

The number of setae in each row varies in all cases with the

age of tlie animal, and is, therefore, not altogether a specific

character; but the relative extent of the body covered by the

rows varies considerably in the different species, as does, also,

tlie character of the setae.

Two species have been described in which the seta3 are all

simple; in the others, either the setae are all compound, with a

small distal segment, or both simple and compound setae are

present.

In all species, the part of the trunk on which the setae are

situated serves as a sole, the ventral setae become firmly attached

to some support; and the worm rears itself up and stretches the

anterior part of its body forward, when about to move. Schepo-

tieff states (7) that it then attaches itself, and draws itself

forward by means of mouth-teeth. But in all cases in which I

have been able to observe the ChcHtosomatidce alive, it is the

dorsal 'head-hairs,' or seta? arranged in a semicircle on the hinder

part of the rostrum, which perform this function. In the case of

N. tenax, I have been able to make out small, distal segments on

the dorsal setae, very similar to those on the ventral setae. The

adhesive power of these seta3 seems to be very great, and the

animal can only detach itself by a sharp jerk after each forward-

movement.

The character and arrangement of the trunk-hairs varies con

siderably in the four New South Wales species. In Ck. falcatum,

they are so short and scattered as to be hardly noticeable; while,

in Ch. haswellij they are very long and prominent, and are

markedly swollen at the base.

The internal organisation is simple. There is a body-cavity,

and the alimentary canal is a simple, straight tube extending

through the body from the mouth, at the anterior end, to the

anus on the ventral surface close up to the posterior end of the

body. A glandular mass, lying dorsal to the posterior end of
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the alimentary canal, and opening by a pore at the posterior

extremity of the tail, is evidently excretory in function. Glands

of some kind are also present in the head-region of some, if not

all, the species, lying above the pharynx. They appear to be

connected with the hollow, dorsal, locomotor seta?.

Some species show traces of a nervous system, in the shape of

an ill-defined ring round the pharynx. 'I'he peculiar, lateral

grooves on the rostrum are probably sense-oi'gans of some kind.

In the possession of a 'tail-gland,' and these lateral grooves, the

Chcetosomaiidce resemble many free-living, marine Nematodes.

The resemblance is discussed in the detailed description of Ch.

falcatum.

The sexes are separate. In the male, a single, simple tube

extends from the anterior region to open with the rectum at the

anus, and two, equal, penial setae are present The female

sexual organs consist of paired ovaries, anterior and posterior,

each opening by an oviduct into a common uterus. 'J'he female

genital pore is situated on the ventral surface, about or in front

of, the middle of the body. The ova are relatively few, and

fairly large; and the animal appears to be oviparous.

Desckiptions of the Species.

CH.ET0S0MA FALCATUM, n.Sp. (PlatcS xliv.-xlv.).

A few individuals of this species were found in 1914, by Pro-

fessor Haswell, in material collected at Cremorne, Port Jackson;

and the majority of the specimens, which I have obtained since,

have come from the same locality. I have obtained only four

specimens elsewhere; one in material from Vaucluse, in which,

also, I found N. tenax; and three from the rocks between tide-

marks at Long Reef, a very exposed portion of the ocean-coast.

AX> Cremorne, they were all taken from among the growth of

shells and seaweed on a vertical rock-face, at a depth of from

4-5 feet below low water mark. They are scattered very sparsely

through the material, and the search for them is a lengthy one,

necessitating a preliminary fixation; and I have not yet been

able to obtain any living specimens.

Ch. falcatum is an elongated, approximately cylindrical, worm-

like animal, greyish-white in colour. In length, it does not
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exceed I'lOmm., and proportionally it is unusually broad, the

trunk, in the largest specimens, attaining, at its widest part, a

width of 0*092 mm. Dorsal and ventral surfaces are recognis-

able, and anterior and posterior ends. Anteriorly, the body is

enlarged to form a head-like swelling (PL xliv., hd.) marked off'

from the trunk by a well-defined neck-constriction (PI. xliv., nk.).

Posteriorly, the trunk terminates in a short, sharply pointed,

downwardly directed tail (PL xliv., tl.). The mouth-opening(m.)

is antei'ior and terminal, and the anus (a.) is situated on the

ventral surface, a short distance in front of the tail (0-06 mm.
to 0-09 mm., according to the length of the animal). The sexes

are separate, and, in the female, the external genital aperture is

situated on the ventral surface, a little in front of the middle of

the body (PL xlv., ^, g.p.). When fixed, the animal usually

assumes the shape of a query-mark, or a sickle, the anterior half

of the body being strongly arched, with the concavity of the

arch directed ventrally; while the posterior half is straight, or

only very slightly bent in the opposite direction (PL xliv. -xlv.).

The female genital aperture is situated close to the beginning of

the anterior arch, in the region where the body attains its

greatest width. Even in sexually immature worms, the anterior

half of the trunk is always slightly wider than the posterior

half, which is further distinguished by the presence, along the

whole length of its ventral surface, of four longitudinal rows

of stout, locomotor rods or setae (PL xliv. -xlv., i.r., o.r.). 'J he

whole body is enclosed in a thick, opaque cuticle, which, except at

the extreme anterior and posterior ends, is divided up by close- set,

transverse grooves, into numerous minute annuli or stria3 (PL

xliv. -xlv., cut.). 'V\\Q grooves are broad, and penetrate to nearly

the full depth of the cuticle (Text-fig. 12, cut.). For the most part,

they encircle the body in parallel lines, but, occasionally, adjoin-

ing grooves anastomose. On no part of the head or trunk is

any variation in the size and thickness of the striae to be recog-

nised. The head-swelling is large in proportion to the size of

the trunk, attaining a length of :^th to ith that of the trunk;

and a breadth usually slightly greater than the average breadth

of the trunk. It is elongated-oval in shape, and is bluntly
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rounded off anteriorly. Here, for a length of about one-fourth

the total length of the head, the cuticle is devoid of striie, and

is beset with numerous, very long hairs (PI. xliv.-xlv.; Text-fig. 1).

Three transverse rows of seta3 are arranged in a semicircle far

forward on the dorsal side of the rostrum. The corresponding

setse of the three rows are in line, and form portions of longi-

tudinal rows; the remaining portions of which are formed of

unmodified hairs, extending from the junction of the striated

cuticle with the rostrum, to its anterior margin (Text-fig. 1, .o?.s.).

A second row, consisting entirely of unmodified hairs, is inserted

close beside each of these rows (Text-fig. 1, h.h.). The hairs are

Figs. 1-2.^

—

Ch'i'fosoma falcatnm, n.sp.

Fig. 1.—Surface-view of rostrum, showing arrangement of hairs and sets;

( X 630).

Fig. 2.—Longitudinal section through the rostrum in the plane of the

lateral sense-organs. The cut ends of the dorsal seta? show above

the section; m.t.^ tissue surrounding the mouth; te., mouth-setfe.

For other lettering in these and other legends, see postea, under Expla-

nation of Plates.

long and slender, having an average length of 0022 mm., and

taper to a fine point. They project vertically up from their

point of insertion in the rostrum, but the seta^, which are stout

and blunt, and about O'Oiomm. long, are inserted by broad

bases in depressions in the cuticle; and are strongl}^ arched

forward and downward, bending over the anterior margin of the
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head, and forming a semicircular fringe above tlie dorsal side of

the mouth-opening (Text-fig. 2, d.s.). These 'setae' probably

correspond to the hinder head-hairs described by Schepotiefi"

(7-8) for other species of Chcv.tosoina, but do nut correspond

in position with either the liinder circle of head-hairs or the

frontal head-hairs mentioned l)y him. Unmodified hairs, similar

to those on the rostrum, 0-022 to 0'026mm. long, occur on the

posterior part of the head, and appear to be arranged more or

less regularly in longitudinal rows. The cuticle of the rostrum

stops short of the extreme anterior end (Text-fig. 2, r.), leaving

a circular aperture through which the body-tissue projects in a

lip-like arrangement surrounding the mouth. On this, there is

a circle of very minute hairs or setae (Text-fig. 1, te.)^ apparently

six to eight in number, but, on account of the extremely small

size of all these parts, details are diflicult to determine with

accuracy.

On either side of the rostrum, very close to the anterior

margin of the cuticle, there appears a curious cuticular marking

in the form of an open, spiral groove, the open end being

directed posteriorly (Text-figs. 1, 2, l.o.). Similar cuticular mark-

ings are mentioned by Metschnikofi:' (2) and Schepotief!"(7-8) as

occurring on all species of Chcetosoma hitherto recorded. Schepo-

tieff seems to think they are peculiar to the ChcKtosomcUid(t, and

compares them (7) with the wing-like head-appendages of the

Desmoscolecidce. But I have seen similar markings on some

small marine Nematodes, and Bastian has figured them in some

of the illustrations to his monograph on the Aiig7iillulidce{il),

notably on Comesoma vulym'is, though he does not mention them

in his description. De Man, in his ' Nordsee ]N'ematoden'(12),

also records them as occurring in Enoplus, Oncholaimus, AiUi-

comd, and Tri2yyloides, in conjunction with the " paired lateral

organs," which, he suggests, may be either excretory or sensory

in function. 8o far as I have been able to determine, they are

purely superficial cuticular structures. I cannot detect any .sign

of ducts leading away from them, nor any connection with the

deeper layers of the body. But it is possible that such connection

does occur, being difficult to detect on account of its extreme

minuteness.
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Tnimediately behind the 'head,' the trunk is sharply con-

stricted to form a narrow 'neck' which is less than one-third the

width of the head (PI. xliv.-xlv., nk.). Behind the neck, the trunk

rapidly broadens to its widest part in the anterior region of the

body, becoming slightly narrower again in the posterior region,

which bears the locomotor rods. The terminal portion of the

trunk,''distinguished as the 'tail," is very short in this species,

being not more than 0*05 1 mm.
long in the largest individuals.

While devoid of striae, its cuticle

is not quite smooth, being min-

utely pitted all over (PI. xlv., fig.

c.^.-^^% '2a: Text-fig. 3, tL). A few, very

fine hairs are scattered over the

surface of the trunk (PI. xlv., t.h.).

These are never more than 0-007

mm. long, except towards the pos-

terior end, where three or four

pairs of much longer hairs occur

on the dorsal surface. The last

and longest of these, 0-026 mm
long, are inserted very close to-

gether just at the junction of the

striated trunk-region with the tail

(Text-tig. 3; PI. xliv., xlv., e.h.).

The ventral rows of locomotor seta?

extend from behind the anus

nearly half-way up the trunk, to

the beginning of the anterior

curve. The number of setae in

each row varies with the size and

but the relative extent of ventral surface

covered by them remains about the same in specimens varying

in length from 0-528 mm. (the smallest) to 1 -104 mm. (the largest

obtained by me), 'i'he two inner of the four rows are situated

close together along the middle of the ventral surface, each row-

consisting of from 12 setse in the smaller to 23 in the larger

Fig. 3.

—

Oh. fa/cafn/n.

Posterior end of male; ( x o'iO).

age of the anima

1
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individuals (PI xliv., xlv., i.>-.). The seta^ (0-01 8 mm. to 022

mm. long) are all compound, each consisting of a stout, tubulai-

rod inserted by a broad base in the cuticle, bearing, at its distal

end, a very small, leaf-like, movably-jointed segment (PI. xlv.,

fig. 26). They are separated by fairly wide intervals posteriorly,

but are more closely crowded anteriorly, especially in the older

individuals. In front of each inner row, and directly continuous

with it, there are, in individuals of all ages, three or four, small,

simple setjie of the same length (0*007 mm.) as the trunk hairs

lying in front of them (PI. xlv
, s.). The trunk-hairs continue

the ventral rows to the anterior end of the trunk (PL xlv., t.h.).

The two outer rows of locomotor setse begin, as a rule, about

three setae further back than the inner rows (PI. xlv., o.r.), and

are situated ventro-laterally, separated by a fairly wide interval

(0-018 mm.) from the inner rows. In the male (PL xlv,), they

consist of simple and compound setse, alternating fairly regularly,

there being, in the adult worm, about twelve compound and

seven simple setye in each row. The compound seta3 (c.s.) are

quite similar in size and character to those of the inner rows;

the simple setae {s.s.) are the same length, but are very slender

and taper to a tine point. In the female, the outer rows are

composed entirely of compound setae, about twenty-one in number
in the adult (PI. xlv.j. The inner rows cease before the anus,

but the outer rows are continued back on either side of it, almost

to the junction of the trunk with the tail. In the female, the

postanal portion of the row consists of three or four compound
setie exactly like those further forward (PL xlv., fig.2«). But, in

the male, the compound setae stop some little distance in front

of the anus, and the posterior portion of the row consists of eight

or nine simple setae, shorter than those between the compound
setae, but stronger, stouter, and very sharply pointed. The last

pair are frequently inserted right on the tail-point (PL xlv., fig.

\a). They appear to correspond closely with the double row of

setie present in the region of the anus, in some of the free-livin^^

marine Nematodes, where they constitute one of the external

characteristics of the male. They are described by Bastian(ll)

for the genera ^?i<icamrt, Eiiophis, and Coiiteaonio: and in greater
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detail by De Man (12), for several species of these genera, e.g.^

Eiwjylus communis, in the male of which are found, " between

the anus and the aperture of the accessory organ, eighteen seta^

on each side of the ventral middle line."

In the adult female, the trunk is circular in cross-section in

front (Text fig. 5), slightly flattened dorso-ventrally into a more

oval form in tlle re'aon of the genital organs (Text-fig 20), and

posteriorly is broadly ovate (Text-fig. If)

\

lying between the ventral locomotor setae.

the narrowest part

The cuticle, which

Lm,b

vmh.

FtpJ

Figs. 4, o.

—

(Jh. falcatum

Fig. 4.—Transverse section through head in the region of the anterior

pharjaigeal hiilb; ( x 610^.

Fig.o.—T.8. through anterior part of trunk of same specimen; ( x 610);

hyp., hypodermis; v.r., subcuticular laj'er of bodj'-wall ; l.m.h.,

lateral mesodermal hand; //. ,
glandular masses round pharjaix.

forms the external covering of the body, is structureless, and

quite homogeneous. It forms a relatively broad layer (0*004 mm.,

in a worm which has an average diameter of 0048 mm.), and is

of uniform thickness throughout (Text-figs. 5-8, c?a^.). Beneath

the cuticle is a much narrower layer (s.c. ), in which it is impos-

sible to make out any definite structure. It is strongly refrac-

tive, and appears bright yellow in sections stained with heema-

toxylin and eosin. Its internal outline is very irregular, both
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in transverse and in longitudinal sections, due to variations in

its thickness. In places, it projects into the body-cavity in the

form of sharply angular thickenings (Text-fig. 20, s.c), but these

thickenings are not constant in position, and there is no indica-

tion whatever of definite longitudinal lines in it. No cell-bound-

aries and no nuclei are visible within it, but scattered nuclei

may occasionally be seen, lying along its inner surface (Text-fig.

\'2a). Four very definite thickenings of mesodermal tissue He

along the inner surface of this, and are respectively dorsal,

ventral, and lateral in position (Text-fig. 5, d.m.h., v.m.b., l.m.b.).

They extend throughout the length of the trunk, from the neck-

constriction to the beginning of the tail-region, forming four

longitudinal ridges on the body-wall (Text-figs. 1 2, 13). They

appear to consist of a clear, net-like protoplasm, containing

Of"

coel.

Fif. 6^ FCp. Fig. 8.

Figs. (5-8.

—

CJi. falcatum.

Tr. sees, through trunk of a young specimen, showing the four, large

mesodermal ridges on the body-wall, and the structure of the

alimentary canal; ( x 830).

Fig. 6.—Section through anterior region.

Fig. 7.—Section through middle region, showing rudiment of genital S3^stem.

Fig. 8.—Section through region of the ventral setie.

granules and nuclei, the latter being crowded along the inner

surface of the ridge. These ridges are most clearly distinguish-

able in a young and immature worm, where they are relatively

much larger than in the adult (Text-figs. 6-8). In a worm, in

which the alimentary canal and genital organs completely fill

out the coelomic cavity, and press closely against the body-wall
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in the middle region of the body, the ridges, especially the lateral

ridges, are only recognisable as thin strands containing a few

Figs. 9-11. —Ch. fa/catum.

Fig. 9.—Horizontal, longitudinal section through head; ( x 880).

Fig. 10.—T.S. through rostrum, showing insertion of dorsal seta?.

Fig. 11.—T.S. through anterior extremity of head, showing mouth-open-

ing, and cut ends of dorsal seta?; c.})., cuticle lining pharj'nx; /,t".,

bands attaching pharynx to body-wall; (/. c. ,
glandular cells surround-

ing anterior end of pharj'nx; mJ., tissue surrounding mouth-opening.

deeply stained nuclei and granules (Text-figs. 14, 15). The dorsal
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ridge is more definite in outline and appears to be in contact

with the alimentary canal throughout its length. In the head,

tlie space between the pharynx and the body-wall is almost com-

pletely filled out with a loose, hypodermal tissue (Text-figs. 9, 10,

hyp ), but, in the trunk, a definite ccelome is present, between

the enteric canal and the body-wall. In the young worm, this

space is relatively large, and extends uninterruptedly from the

neck to the tail-region, where it is again filled out with proto-

plasmic tissue But, in the adult, it is extensive only in the

region of the oesophagus (Text-fig.5, coeL). Further back, it

becomes almost completely occluded by the growth of the genital

organs and intestine. The enteric canal is a straight tube

running through the length of the body, from the mouth, at

the anterior end, to the anus near the posterior end. By varia-

tions in its width, and in the thickness of its walls, it is dis-

tinguishable into pharynx, oesophagus, intestine, and rectum.

The three-rayed mouth-opening (Text-fig.ll) leads, through a

very short and narrow passage, into a rounded bulb with thick,

muscular walls, the anterior pharyngeal bulb ('J'ext-fig.9, a.ph.).

Its narrow cavity is rayed in cross-section, and is lined by cuticle

{c.p.) which, everywhere thick, is thickest in the anterior portion,

where the lumen is slightly larger than it is further back. Its

walls are composed of a complicated system of circ^ular, longi-

tudinal, and radial muscle fibres. Bands of muscle-fibres (Text-

fig. 10, y^/'.) attach its anterior end to the cuticle of the body-

wall dorso- and veiitro-laterally, and further back, towards its

posterior end, there appear to be finer strands of fibrils running

forward to attach it laterally. The anterior pharyngeal bulb

extends through a little more than one-third of the length of the

head, and is followed immediately by a second rounded swelling

of equal length and width, the posterior pharyngeal bulb, the

walls of which are composed of a less complicated system of

radial muscle-fibres. Its lumen is still very nari-ow, and is lined

with cuticle (Text-fig. 9, p.ph.). It is divided by a well-marked

constriction from the oesophagus, which is slightly swollen in

the head-region to form a third, much smaller bulb (PI. xliv., a.o.).

This, however, diff'ers from the pharyngeal bulbs in having non-
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muscular walls, and a fairly wide cavity not lined by cuticle

(Text-fig.9, rt.o.). Behind the neck-constriction, the oesophagus

extends back to the region of the genital organs as a cylindrical

tube of uniform diameter, occupying a large part of the space

enclosed by the body-walls (Text-fig. 5, ^^.). In an adult female

Figs. l2-lS.—Gh. faJcatum.

Fig. 12.—L.S. through female, in region of ventral setas; ( x 610).

Fig. r2a.—L.S. through body-wall between the mesodermal bands, showing

the subcuticular layer with nuclei (».).

Fig. 18.—L.S. through body in region of anterior ovarj' and uterus. At

the back of the uterus, the section passes through wall of intestine

only.

worm, which is 0*055 mm. in cross-section, the diameter of the

CESophagus is 0033 mm. The walls are relatively thick, and

composed of a single layer of large, rectangular cells, with thin
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but easily recognisable walls and loose, granulated protoplasm.

Kach cell contains a large, oval nucleus, having a single, more

darkly staining nucleus in it. There are from six to eight cells

in cross-section. Further back, the entire canal becomes crushed

up against the dorsal body-wall by the growth of the genital

organs, and the walls become thinner (Text-figs. 12, 13, 20-22, (^.).

Behind the genital pore, where it passes backward to the left of

the posterior ovary, its walls are very thin, and the cell-bound-

aries and nuclei are difficult to distinguish, w^hile the protoplasmic

contents become denser(Text-figs. 23-24, oe..). Vacuoles(Fig.24,'y.)

and numerous rounded bodies, staining deeply pink with eosin,

are present.

Immediately behind the posterior ovary, at the level where

the first setae of the ventral rows appear, it completely fills up

the coelomic cavity (Text-figs. 1 2, 14, \b^int.). Here, the walls

are still thin, so that the lumen is relatively very large, and this

part of the canal may, perhaps, be regarded as a stomach. The
walls increase in thickness as it passes back, though still formed of

a single layer of from 15-20 cells, which vary considerably in size.

A short distance in front of the anal aperture, it passes suddenly

into the rectum through a narrow passage surrounded by eight

or nine very large, wedge-shaped cells with clear, protoplasmic

contents, and large, round nuclei (Text-fig. 16, a;.). Behind the

constriction, the walls are extremely thin (Text-fig. 17, re), the

passage is dorso-ventrally compressed, and lined with cuticle,

and the anus, by which it opens on the ventral surface, is a

transverse slit situated on a slight projection. A good deal of

food-matter is present in all parts of the enteric canal in the

adult worm, but it consists of a kind of granular debria, in which

it is difficult to recognise anything definite. I have seen, how-

ever, a Desmid, a small Foraminiferal shell, and several chains

of minute Algal cells among the debris. In an immature female

worm, the cells forming the wall of the enteric canal are rela-

tively very large, and few in number; and the lumen is very

small, in parts almost completely closed-up (Text-figs. 6-8). Sur-

rounding the anterior end of the pharynx, there is a group of

large cells staining deeply blue with hsematoxylin, which pro-

56
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FigJ9.

Series

Fig. 14

Fig.lo

Fig. 16,

Fig. 17.

Fig. 1 8,

Fiir.l9,

Figs. 1 4- 1 !l. ( 1,. J'alaituiu.

of Tr. Sees, tliiougli trunk of female from middle region to tail:

( X 610).

.—An oblique section through bodj-, just liehind posterior ovary.

—Section in region of ventral setie.

—Section in region of constrictionf.r. ) between intestine and rectum.

—Section just in front of anus.

— Section l)ehind anus.

—Section througli tail; ct.. contents of intestine.
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bably function as digestive glaiids(Text-fig. 9, (/.c), and in addition,

there are several granular masses of a yellow colour embedded

in the hvpodermal tissue immediately surrounding the mouth,

which may be glandular. Possibly the pink-stained bodies and

the vacuoles in the wall of the stomach have a glandular func-

tion. In addition, there is a large, granular mass of tissue,

staining deeply blue with hsematoxylin, situated immediately

above the rectum (Text-figs.3, 17-19, ^.^.)- It occupies most of

the space between the dorsal wall and the rectum, and extends

as a longitudinal strand into the tail-region, opening by a duct

at the extremity of the tail. This may correspond to the tail-

gland described in many marine Nematodes, and thought to be

excretory in function.

dm.b

Fig. 21 •

rigs.20-21.—CA. falcatum.

Fig. 20.—T.S. through bodj^ of female at beginning of anterior ovary;

( X 450).

Fig.21.—Very oblique section through region of female genital aperture,

showing portion of anterior ovary and uterus.

There is no trace of the longitudinal lateral vessels found in

Nematodes, and the only indication of a nervous system is in

tlie shape of an ill-defined granular mass of tissue round the

constriction between the two pharyngeal bulbs.
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In the female, there are two ovaries lying in the ccelome below

the enteric canal, one behind, and one in front of the genital

aperture (PL xlv., a.ov., p.ov.). They are thick and short (about

0-066 mm. long), and the free end of each appears to be bent over

on the remainder. The portion of each furthest removed from

the genital pore, consists of finely granulated substance in whicli

a few, very large nuclei are scattered (Text-figs. 20-21, a.t'V.). The

remaining part is divided by distinct walls into large cells, each

containinof alar^e, round nucleus. These

are probably ova in process of formation.

The ovaries open into a single large

pp. uterus, which, in the adult, always seems

to contain numerous sperms. The genital

pore, by which it opens on the surface,

is a transverse slit, O'Ol mm. wide, situ-

ated on a slightly raised papilla. It

appears to be surrounded by very small

seta3, and has thick, chitinous walls.

p. pr^ ^\»^ Immediately below the aperture, lie two,

^ ' thick, elongated cells, with very large

nuclei, apparently enclosing the uterine

Embedded in the wall of the uterus, and

lying free in its cavity, are numerous rounded spots, stained

bright pink with eosin.

In the male, the genital apparatus is in the form of a

straight tube, lying ventral to the alimentary c^nal, throughout

a greater part of the length of the trunk (PI. xliv.). It is dis-

tinctly divided into three portions. At the anterior end,

beginning 0-055 mm. from the neck, is the testis {t.), a narrow

cord consisting of a solid mass of granular matter not divided

into cells. Further back, cells become gradually differentiated,

and pass into a wide, tubular cavity, the vas deferens, where

they lie loose. At the level of the anterior end of the rows of

ventral setae, the vas deferens passes very abruptly into a narrow,

Fig. 22.^^

passage ( Text-fig. 2 2

* L.S. through female genital aperture (a.), showing the large cells (2.)

surrounding the passage into the uterus; { x GIO); »p., sperms in uterus.
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thick-walled duct, tlie vesicula semirialis (vs.), wliicli runs back-

to open with the rectum at the anus. At the junction of the

vas deferens with the vesicula seminalis, the wall of the latter

is very thick, opaque, and finely granular, and probably func-

tions as a gland for secreting a seminal fluid. 'J he lumen of the

vesicula seminalis is difficult to make out. In all fixed speci-

mens, it is filled with what is probably a coagulated fluid. The

sperms are small and rounded, with a very distinct nucleus, but

show no trace of the characteristic tail of thp tvpical sperm.

Figs.23-24.—CVi. fakatum.

Fig.23.—Obhque section through middle region of trunk of female, show-

ing portion of uterus, and anterior and posterior ovaries; ( x 450).

Fig.24.—Section through the same worm, a httle further back, showing

cellular portion of posterior ovary (^j. or'. ); <sp., sperms in uterus;

v., vacuoles in wall of intestine.

Two, equally long, curved, penial sette, and a small, accessoiy

piece lie dorsal to the rectum. The setse are bow-shaped, and

have enlarged, proximal ends (Textfig.3, j9.8.). Between the

sperm-duct and the ventral body- wall, there is a row of block-
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like, granular bodies, staining deeply blue with bsematoxylin.

Similar structures appear to be present in the female, connected

with the ventral ridge of protoplasmic tissue. 'I hey probably

havH some relation to the locomotor setae, though T cannot find

anv trace of communication between them.

r V pe-R p eci mens, Nos. W, 452, 453; in tlie Australian

Museum, Sydney.

Chretosoma Ja/catum, n.sp. Measiuements in nims.

Totallength

Length of head

Length of trunk ...

Length from tip of tail to anterior end of

rows of ventral seta3

Length from tip of tail to anus

Length of tail

Length from neck to 9 pore

Greatest width of head

Greatest width of trunk ...

Width at level of ventral setae

Width at level of neck-constriction

Length of rostrum ...

Length of setffi on rostrum

Length of hairs on head ...

Length of ventral setae

Number of sette in ventral rows—outer...

Number of setiu in ventral rows—inner...

CH.ETOSOMA HASWELLi, n.sp. (Plates xlvi.-xlvii.).

In 1914, Professor Haswell obtained a few individuals of this

species from material collected along the shores of Port Jackson

and Broken Bay, N.S.W. These were the first of the Chhtoso-

matidit found south of the Equator. In the following year, he

drew my attention to them, and afforded me the opportunity of

examining these and other specimens, whicli he subsequently

collected. During the last twelve months, I have myself col-

lected some fifty of the same species from various localities round

the shores of these bays, and along the ocean-coast in the

vicinity. Ch. haswelli appears to be the most generally dis-

0-888
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tributed of the New South Wales species. I have found it in

the same niatei'ial witli each of the otlier three species; and, in

additi(jn, at nearly every s})ot, where a search has been made, to

a distance as far up the harbour as Circular Quay, and to a

depth oi 18 feet below lowwater-mark. No collections were

made at a greater depth than this; and the majority of the speci-

mens were obtained just below tide-marks.

I have been able to observe a fairly large number of living

individuals. In one case, all the specimens were found alive in

material which had been collected four days previously. Two
were kept- alive for fourteen days in a crystal-dish, by changing

the water every day; and were then accidentally crushed during

an examination under the microscope. A third worm, a young

specimen, was kept alive for five weeks; and was still active, and

apparently quite healthy, when it was lost during transference

to fresh seaw^ater. It had not then reached mature size. All

the specimens found alive were very dirty, being covered with

grit. They required frequent cleaning with a very fine camel's

hair brush, as it was found that they continued to accumulate

grit every day during the time they were alive, the dirt appa-

rently adhering to a sticky secretion over the whole surface.

Ch. haswelli is the largest of the species found here. The

length of the largest male obtained was 1*32 mm., and of the

largest female, l"44mm. Sexual organs had not developed in

the smallest specimen found, which was 0*60 mm. long. The

worms are mostly S-shaped when fixed (PI. xlvi.). They are long

and slender, and narrower, in proportion to their length, than

the other species. The females are, on an average, longer than

the males; and, in both sexes, the head is broader than the

average width of the trunk. In the male, there is very little

variation in the width of the trunk, though there is a sliglit

increase in size in the middle region. The female is markedly

wider in the middle. Typical measurements are given in the

accompanying Table p. 7 98).

The head is oval in shape, and well marked off from the rest

of the body. In length, it is only one-ninth to one-tenth of the
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total bocly-length. The tail is fairly long and slender, tapering

gradually to a fine point; and is longer in the male than in the

female. The body is covered by a thin, delicate, semitransparent

cuticle, which is marked by very delicate, transverse striations,

except at the two extremities, where it is quite smooth; and in

Fig. 25.

—

Ch. haswelli, n.sp.

A. , x\nterior extremity of head of male, showing details of structure of

rostrum (r.), and banded area (/>.), lateral view.—B., similar view

of head of female, to show difference in form of lateral sense-organ

[Lo.) ;
( X 630) ; m.li., hairs surrounding mouth; a.h., terminal

hairs of the rows extending down the trunk; p., pores in the stria?

of banded area.

the middle region of the head, where there are from eight to

fifteen much thicker ridges, forming a well marked band. The

head, therefore, is distinguishable into three regions, a smooth,

anterior end or 'rostrum' (PI. xlvi., r,); a banded area (6.); and

a broader region behind it, on which the transverse striations

are inconspicuous. The rostrum is short, about one-fifth to one-

sixth the total length of the head, and is blunted off in front.

The banded area is of about equal length, and appears to con-

strict the head, which broadens out considerably behind it. The

ridges forming this band slightly overlap one another from behind

forward (Fig. 25, 6.); and, in each ridge, continuing right round

its circumference, there is a single row of fine pores set very
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close together (Fig.25, />.). The pores are very deeply embedded

(Fig. '30, p.), but show, on the surface, as a row of fine, bright

dots. They appear to be present only in this region, though the

surface of the rostrum also is very finely, but irregularly, pitted

all over.

The lateral, spiral grooves on the rostrum are large and con-

spicuous; the spiral is simple and very open, and is turned away
from the dorsal hairs in the female, and towards them in the

male (Fig. 25, l.o.). Embedded in the hypodermis, below the

groove on each side, is a peculiar cell, probably sensory in char-

acter (Fig. 31, x), which may have some relation to these lateral

organs, though I cannot trace any direct connection between

them. The dorsal semicircle of stout 'head-hairs' or set?e, in the

adult, consists of five or six pairs arranged in two rows close to

the posterior margin of the rostrum (Fig. 25, d.s.), the seta? of the

posterior row being wedged against the most anterior of the

ridges of the banded area. They have an average length of

0*025 mm. All the setae are bent forward to such a degree, that

they lie close to the surface of the rostrum, and follow its shape.

They are enlarged at the base, and are long enough to project

over the anterior end, where there is a lip-like arrangement

surrounding the mouth (Fig. 25, 7n.).

One immature female, without a genital pore, was found, in

which there were only four sette in a single row (PI. xlvii., 6.).

In this case, the two inner setie were inserted very close together

in the dorsal mid-line; and the outer ones, separated from them

by a fairly wide interval, are just dorsal to the spiral groove on

each side. Close to the outer side of each seta is a long, fine

hair.

The ventral setie (PI. xlvi., i.r., o.r.) are confined to a small

portion of the trunk, usually about one-seventh the total length

of the body, whether this is O'GO or 1*44 mm. The sette are

arranged in four rows, beginning some little distance in front of

the anus, about 0'051 mm., in mature worms of both sexes, and
0"034 mm., in young worms.

The two inner rows are situated very close together, and con-
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sist each of 14-17 compound sette (Figs.26, 27, i.?-., i.r'). The
composition of the outer rows differs in the two sexes. In the

female (Fig.27, or.), there are 10-14 compound setse in each row;

in the male, 7-11 compound seta?, and 4-5 simple seta? alternating

irregularly (Fig. 26, .s-.^-., C.6-.). In young worms, the number is

Fig. 26. —Ch . JiHsirell'i.
"

Fig. 27.—Ch , hasirelli. \

much less. In one specimen, wliich has only a single row of four

head-seta^, theie are five set.e in each outer row. Another young

worm, 0*60 mm. long, which appeared to belong to this species,

* Posterior end of male, showing the arrangement of trunk-hairs and

ventral setse; (x 400). The penial seta? are visible through the body-wall

{p.s.); a,.s,, sette surrounding the anus; pr.s., pre-anal set*,

t Po.sterior end of female, showing the arrangement of hairs and seta?

on the surface, and also some of the internal structure, as seen through the

body-wall; ( x 400), Fig.27a.—Seta of inner row of ventral set;e; (
x 030).

Fig.27/'.—Seta of outer row; ( x 630).
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had only a single row of head-set^e, and only three pairs of

ventral setcf (PI. xlvii., b). But it is possible that this was a

damaged specimen, since the sette in some of the others examined

broke oft* with handling.

The setie of the inner rows (Fig. 2 7«) are much sliorter than

those of the outer rows (Fig. 276), which are often longer than

the width of the body in that region; and longer in the male

than in the female, averaging, in the former, 0*045 mm., and
0*040 mm. in the latter. The longest setto are at the anterior

end of the rows. Here, they are more closely crowded than

they are further back. All the compound seta? are similar in

character. Each consists of a proximal, elongated, holhjw rod,

and a small, expanded, movably-jointed end-segment, with a deep

indentation in its distal margin. The simple setit?, which alter-

nate with them in the male, are of equal length, but very slender

and delicate, and tapering to a fine point. The body-hairs are

a very consjDicuous feature in this species. Thev are verv

long, relatively to the width of the trunk; and all have a bulb-

Hke swelling at the base(Figs. 26, 27, 35, t.h.). They are arranged

in eight longitudinal rows, two lateral rows on each side, two

dorsal, and two ventral, which are all continued over the head

to the anterior end of the rostrum (PI. xlvi.). The dorsal and

dorso-lateral rows extend down to the margin of the tail, but

the ventral and ventro-lateral rows only to the beginning of the

ventral setae, with the inner and outer rows of which they are

respectively continuous. The number of hairs in each row is

limited, and appears to be fairly constant. On the trunk, there

are, in the dorsal rows, 20-30 long hairs; dorso-lateral rows, 19-

27; ventro-lateral, 15-17; and ventral, 15-23. On the head,

there are, on the hinder region, 3-5 hairs; on the banded area,

two; and, on the rostrum, 3-4, the terminal hair of each of the

eight rows being situated right at the anterioi- margin of the

cuticle, so that there are eight hairs forming a circle surrounding

the lip-like prominence, in the centre of which, the mouth is

situated (Fig. 25, a.h.). Immediately round the small mouth-

opening, there is another ring of small hairs, about six apparently,
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but the number is difficult to determine (Fig. 25, m.h.). On the

dorsal side of the rostrum, the rows of hairs are distinct from,

and lie between, the stout 'dorsal hairs,' or seta3, already de-

scribed. On the trunk, in each row, there are, alternating fairly

regularly with the long hairs, very short, blunt hairs (Fig. 26, i'. A'),

which have a similar bulb-like swelling at the base. This, in all

the hairs, seems to be hollow. Particles of dirt are frequently

found adherin

are glandular, and secrete some sort of

5, to the hairs, and it appears probable that these

mucilage. The 'long

trunk-hairs' of the dorsal rows are longer than those of the other

rows, especially over the region of the genital organs in the

female, but the variation in length is not marked. In different

specimens, the length varies from 0'025mm. to 0*05 mm., and

seems to average about tsvo-thirds the average width of the body.

In the male, there are,

in the region of the anus.

nuc

Figs. 28, 28a. -Gh hasirelli.
*

level of the anus and the beginning

several hairs differing in

character from the ordin-

ary trunk-hairs, stronger

and stouter, and without

the basal swelling. These

appear to be very constant

in position, i.e., two insert-

, ed very close tocjether about

half-way between the outer,

ventral vow of setae and the

anus (Fig. 2 6, ^j)?'. 6'.), two on

each side af the anus, one

behind, and one in front of

it, in the mid-ventral line

(Fig.26, a.6'.), and one or

two others between the

of the tail. The cuticle of

* Fig.28.—L.S. through body-wall, cutting through one of the meso-

dermal bands, and the subcuticular layer on either side of it; (x9o0).

Fig. 28a.—T.S. through anterior region of trunk of a young Ch. haswelli;

X 950).



BY VERA A. IRWIN-SMITH. 789

the body-wall is a thin, homogeneous layer, about 0*001 mm. thick

(Fig.28, cut.). An extremel}^ thin, dark line(/.), which, however,

becomes much thicker in the head, divides it from the next layer.

This is of about the same

thickness as the cuticle. It

is difficult to make out any

structure in it, but it appears

to be of fibrous composition;

and, lying along its inner

border, there are, at wide in-

tervals, elongated, oval nuclei

(71UC.). Below it, at about

equally spaced intervals, there

run four longitudinal bands

of mesoderm, containing nu-

merous, crowded, round nuclei

{d.m.b., and l.m.b.). These

bands are continuous from

the neck to the tail, and form

the innermost layer of the

body-wall. Within it is a

wide ccelomic cavity {cce/.), in

which lie the enteric canal

and the genital organs. In

the head, a loose sort of pro-

toplasmic tissue fills up a

great part of the cavity, be-

tween pharynx and body-wall.

Below the ventral body-wall,

in the region of the ventral

setae, there are four rows of block-like, finely granular masses,

staining deeply blue with hsematoxylin (PL xlvii., 6.771.). They

are quite separate from one another, about ten to twelve in each

* Fig. 29.—L.S. through body-wall in region of ventral setae; ( x 950).

rig.29a.—T.S. in same region; ( x 610). The section has been flattened

out in cutting; v.s., bases of ventral setje.

Figs.29, 29a.—Ch. haswelli/
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row; and tliey He directly under the rows of locomotor seta?

thi-oiighout their length (Figs. 27, 29, b.m.). It is probable that

they have some relation to the setie, since they are found only in

this region; but T cannot trace any direct connection between

them.

Figs. 30, 30a.— 67*. haswe/JI.

Fig. 30.—Sagittal, longitudinal section through head; ( x 660).

Fig.30a.—Section through mouth-opening; ( x 760).

The mouth-opening is surrounded by a circular projection,

which seems to be protrusible, and bears a circlet of fine teeth

(Fig.SOrt). The mouth leads directly into the pharynx, which

has very thick, muscular walls, and extends thi'ough the full

length of the head. It is constricted in the middle to form

anterior and posterior bulbs, of which the posterior is the larger

(Fig. 30, a.ph., p.ph.). Both bulbs are slightly larger in the female

than in the male, corresponding to a difference in the size of the

head. The walls of the anterior pharyngeal bulb consist of a

complicated system of muscle-fibres, the arrangement of w^hich

is shown in Fig. 30. The passage is narrow, and lined with

cuticle, which is thickest towards the mouth-opening. Imme-

diately surrounding the passage, there is a mass of finely pig-

mented granules; and deeply embedded in the muscle-fibres are

numerous, small glands, probably digestive, which open into the
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pharynx by fine ducts (Fig. 83, d.cf.). Strands of tissue connect

the bulb with the inner wall of the rostrum, both at the anterior

end and further back (Fig.32, t:.). The muscle-fibres in the pos-

terior bulb are all radial, and are divided into three sections by

two radial gaps, which are very constant in position in different

Figs..31-33.— (7/t. haswelH.

Series of tr. sees, through the head; ( x 950). The head has been distorted

in shape during the process of embedding.

Fig.31.—Section through the rostrum.

Fig. 32.—Section through the 'banded' area.

Fig. 33.—Section through the hinder part of the anterior pharj^ngeal bulb;

.v., sensory cells; d.(/., digestive glands; p., pores in the striiii of

the banded area; c, fibres from pharynx to body-wall.

specimens. This gives the appearance of a broad band surround-

ing the middle region of the bulb. The gaps contain a granular

substance, wliich is probably glandular in character. The ter-

minal portion of the pharynx consists of a knob (Fig. 30, X;.),
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formed of a little group of dark granular cells, which projects

into a wide, thin-walled chamber formed by a swelling of the

oesophagus in the neck (Fig. 30, n.o.). This swelling is supported

cod.

Figs. 34-35.—C/i. hasweHi.

rig.34._L.S. through trunk of a j'oung specimen in middle region, show-

ing rudiment of a genital system igen.); ( x 950).

Fig.35.—T.S. through trunk anterior to genital system; (
x 950).

by inward projections of the body-wall. Behind it, the lumen

of the oesophagus is narrow throughout its length, and the wall
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is one cell thick (Figs. 34, .35, <f^.). The cells are thin-walled, and

roughly rectangular in cross-section, measuring about 0-014 x

007 mm. The protoplasmic contents are clear; and a large,

round nucleus {nuc.) is situated about the middle of each cell.

In the mid-region of the body, in the female, the intestine is

constricted to a narrow tube pressed up against the dorsal wall

by the genital organs. Below the posterior ovary, it widens so

as nearly to fill the C(eIome. The cells of the wall are here very

large, and the cell walls, forming the lining of the passage, are

iff.JZ

re.

rd

Fig. 39.

Figs. 86-39.—Gh. hasweUi.

Series of tr. sees, through posterior region. Like most of the transverse

sections, thej' have become distorted in shape during em))edding;

( X 950).

Fig.36.—Section through constriction between intestine and rectum. Fig.

37, through rectum. Fig. 38, through anal aperture. Fig. 39,

through tail.

slightly thickened. The cells vary in shape, and nroject into

the intestinal cavity, leaving only a narrow passage. The tube

is constricted again in the region of the ventral sette (Fig. 27, in/.).

About the level of the last of the ventral setae, the intestine

57
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passes, by a narroM^ constriction, into the rectum (Fig. 37, re), a

wide, thin-walled tube lined with cuticle. This opens by the

anus (Fig.38, rt.) on the mid-ventral surface, at an average dis-

tance of 0-080 mm., from the posterior end, in the female; and

0*099 mm., in the male.

Fig.40.— C/i. hasire/N.

Dorsal view of liead, showing arrangement of dorsal seta?, and the glandular

bodies {(//. ) lying above the pharynx; ( x 660).

Nerve-cells and nerve-fibres are distinguishable in the proto-

plasmic tissue in the head. They seem to form an ill-defined

ring surrounding the constriction between the two pharyngeal

bulbs, and give off strands forward and backward.

Lying above the pharynx, and embedded in the hypodermis,

there is a group of densely granular bodies (Figs. 30, 40, 41, 7/.),

staining dark blue, from each of which, a strand runs forward,

and apparently connects with the base of one of the dorsal set*.

One or several thickenings occur in each of these strands, towards

the anterior end. I have been able to observe these bodies only

in a few specimens, and have failed to determine their exact
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Fig.41.—C/i. hasweUi.

Lateral view of dorsal seta? and glands {yJ) in

the head; ( x 400).

nature. The thickenings on the strands seem to suggest nerve-

matter, but I think it moi-e probable that they are glandular in

character, and secrete a fluid which assists the hollow, dorsal

set?e in their locomotory function.

Another body, of a glandular character, lies in the posterior

end of the trunk,
^^^ ^^^

just dorsal to the

rectum. It is club-

shaped, composed of

several, large, finely

granular cells con-

taining numerous va-

cuoles and large nuc-

lei, and is bounded

by a distinct wall

(Figs.27, 36-39, ^.(/.).

It is connected with

a fine duct, which runs back through the tail, and opens by a fine

pore at the posterior extremity. Large, bright drops of fluid

are distinguishable in the duct, in some specimens; it seems pro-

bable that this organ is an excretory 'tail-gland.'

In the male, the reproductive apparatus consists of a single

cord, which begins at a distance of 0*074 to 0'140mm., from

the neck, and extends straight back below the alimentary canal,

to open with it at the anus. The anterior portion is solid, and

terminates in a fine point (PI. xlvi., t.). It has an average width

of 0*007 mm., and consists of a closely packed mass of small cells

enclosed by a firm wall. Further back, the cells become

larger and more loosely arranged, and take on the definite char-

acter of sperms, of rounded or somewhat irregular shape, with

fragments of connective tissue between them (Figs. 42-43, 45).

This portion, which has a width of 0*014 mm., passes abruptly,

towards the middle of the body, into a definite tube, with very

wide, cellular walls (Fig.44, v.s.). The lumen is extremely small,

and, in cross-section, is surrounded by four or five, large cells,

with very large nuclei. In longitudinal section, it has the ap-
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pearance of being a solid cord, but the dense, finely granular

substance filling it, is probably a spermatic fluid, which has

become coagulated in the fixing. It is impossible to examine it

in the living state, owing to the difiiculty of keeping the actively

moving worm in the field, under a high power. Posteriorly, the

sperm-duct diminishes in width. There are two, equal, penial

seta3 (PI. xlvi.; Text-fig.'2Q, p.s.), and an accessory organ. The
setie are long, and are curved into a bow-shape, with enlarged,

club-like, proximal ends

^~vs

Fiq.fJ.

Figs 42-44.—CA. Imf^wclll, ir Fig.45.—CA. Aa.s/re//«.t

The female genital pore (Figs. 46, 47, 9 9-V) i^ ^ transverse

slit, with prominent lips, situated on the ventral surface just

about the middle of the trunk. There are two, large and well-

developed ovaries (Fig. 46, a.ow, jy.ov.) situated, one anterior and

one posterior to the genital pore. The end of each, furthest

from the pore, is roughly conical in shape, about 0*074 mm. long,

* Series of sections through the trunk; ( x 630). The sections have been

laterallj^ compressed, and the internal structure somewhat distorted.

Fig. 42—A section through the anterior part of testis. Fig. 48, through

the vas deferens. Fig. 44, through the sperm -duct, in the region of the

ventral setae.

t L.8. through male genital tube, in region between the vas deferens

and the vesicula seminalis, showing the finelj^ granular matter in which

tlie sperms are embedded at the junction; ( x 680).
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and 0-026 nun. broad at the widest part; and ccjntains large

nuclei embedded in finely granular substance. It is continuous

%9P

Fig.46.

—

Gil. hasireUi, ?. Genital system; ( < 400).

with a much broader portion, where there is a difi'ei-entiation of

the contained matter into long, thin cells, cut off in a transverse

direction. There are distinct spaces between some of the cells,

which appear to be ova in

process of formation. This

part may, perhaps, be looked

upon as an oviduct. A de-

finite, tubular duct, connect-

ing it with the uterus, is not

discernible in any of the

specimens, which I have ex-

amined. 8(jme individuals

examined had a single, lai'ge,

oval egg in the common
uterus (Fig. J:7, o.). The

uterus measures 0'092 x

0*055 mm. A large receptaculum seminis seems to be a diverti-

culum from it. It lies to one side of the oviducts, and extends

out towards the anterior and posterior ovaries. In all the speci-

mens examined, it is full of sperms (Fig. IG, .s'/y.). The narrow

passage, leading from the uterus to the vulva, has thick walls.

Ovum in
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and, at its junction with the uterus, is surrounded by a few large

cells, which probably act as a sphincter (Fig. 47, ^v/.). The de-

velopment of the fertilised ovum has not been followed.

Type-specimens, Nos.W, 454, 455; in the Australian

Museum, Sydney.

Ch(i4ot<oma hasirelli, ii.sp. Measurements in mms.

? c^

Total length ^ ... 1-39 ri28

Length of head * ... 0-144 OTiO

Length of trunk r'248 r008

Length of trunk covered by rows of seta? 0*185 0'166

Length from tip of tail to ant. end of rows of setie... 0'383 0'383

Length from tip of tail to aims 0*092 (riOT

Length of tail O'CST O'dST

Length from neck to genital pore 0*600 —
Greatest width of head 0*070 0*066

Greatest width of trunk 0*08r) 0*059

Width at level of ventral seta? 0*047 0*030

Width at level of neck-constriction 0*029 0*033

Length of rostrum *026 *022

Length of seta? on rostrum 0*022 '022

Length of hairs on trunk 0*037 0*025

Length of ventral sette, outer rows 0*044 0*055

Number of setit? in ventral rows—outer 13 7 + 4

inner ... ... 15 12

The two species, included in this genus, differ considerably

from any of the Chietosomatidft! hitherto described, in that a

well marked head-swelling is absent. There is a corresponding

difference in the structure of the pharynx, which lacks the typical

pharyngeal bulbs, and is only slightly swollen posteriorly. The

structure otherwise is very similar to that of the Chf^tosomatidie,

but the differences indicated seem to be of sutticient importance

to constitute a new genus of this family.

Genotype, iV". tenax, n.sp.

NoTOCH^TOSOMA TENAX, g. et sp.nov. (Platcs xlviii.-xlix.).

Only a few specimens have, so far, been obtained, all taken

from a single locality in Port Jackson. I first found four in the
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winter of 1916, in material collected at Vaiicluse, on the rocks

between, and just below tide-marks. Since then, about thirty

worms of the same species have been obtained from the same place;

but extensive searches, in other localities, have proved fruitless.

The ventral, adhesive setje are very powerful, and it is difficult

to dislodge the animal from its support, so that I have been al)le

to observe only five living individuals. These were taken fi-om

the concentrated washings of some thirty jars of fresh material.

Two of the worms were kept alive in a crystal-dish, with two

changes of sea-water, for a period of eight days, and a third for

nine days. They have the characteristic, creeping mode of

locomotion of the Cha'tosomatida?; and are more easily distin-

guishable from marine Nematodes when alive, than after death.

When fixed, the general appearance of the body so closely

resembles that of a small Nematode, that it is only possible to

detect them by means of the minute setic on the head and

ventral surface.

The largest individuals attain a size of l"Omm., but the

average size is somewhat less than this, from 0'8 to 0*9 mm.
Male and female appear to be of the same length. The shape

assumed, when fixed, is not constant; but the posterior third of

the body is usually sti-aight, while the region in front is more or

less arched in a dorsal direction. The anterior end is only

slightly enlarged, and is distinguishable as a head-region by its

curvature, rather than by any definite neck-constriction. It is

usually more or less bent in a ventral direction, but the curva-

ture varies considerably in different specimens, as will be seen

in the Plates. The cuticle covering the body is very thick, and,

from the rostrum to the beginning of the tail, is transversely

striated. There is no special banded area behind tlie rostrum,

the strife being all broad and deep, of the same thickness all over

the body, though there is a difference in character between the

stride of the head-region and those behind, the former overlapping

one another, from behind forward, to a much greater extent

than the strife on the trunk (Fig. 53, cut.). The rostrum (Figs. 48,

53, n), is short, 0*014 to O'OlSnnn. long; and the smooth cuticle
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covering it is very thick, and has a serrated anterior marpjin.

Beyond it, is a projection of tissue, 0*01 1 mm. long, with .a

rounded extremity, in the middle of which the very small, circular

mouth-opening (Fig.48, ??i.) is situated. The width of the body,

just behind tlie rostrum, is 0-040 to 0*050 mm., which decreases,

at the level of the neck-curve, to a width of 0*033 to 0*037 nun.

The length of this anterior, ventrally curved portion varies, in

different individuals, from 0*122 to 0*150 mm. Behind it, the

body gradually increases to a widtli, in the male, of 0*050 to

0"060mm., and, in the female, in tlie region of the genital organs,

of 0*070 to 0*096 mm.

Fig. 48.

—

Xofochnfo-soma fenax, n.sp.

Lateral view of anterior extremity; ( x 630).

The tail (Fig.49, tl.) is narrow, and sharply pointed. In the

male, it averages 0*085 mm. from anus to tip; in the female,

0*077 mm. Cuticular striations are absent from the terminal

portion (0*040 mm. long), and the anterior half of this part is

closely pitted. A pair of long hairs is inserted on its dcn-sal

surface, just at its junction with the striated area (Fig.49, r.h.).

As in the other species, the anus is situated on the mid-ventral

surface, close to the posterior end (Fig.49, a). The ventral setw

are arranged in four rows, and cover a length of about one-sixth
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to one-fiftli the total length of the body

0"04o iiini. ill front of the

anus, and extend forward

for a distance, which

varies from 0-092 toO-188

mm., according to the age

of the animal, and the

number of seta". The

outer rows (Figs. 49, 50,

6».r.)are laterally situated,

separated by a wide in-

terval from the inner

rows (i-r.), which are in-

serted very close together,

and in pairs anteriorly.

Further back, they alter-

nate irregularly, and the

two rows are not so clear-

ly distinguishable. They

usually begin further for-

ward, and their sette are

much shorter than those

of the outer rows.

In the male, the outer

rows are composed of

compound and simple

setiw alternating irregu-

larly, the simple setie

(Fig. 49, fi.s.), being fewer

in number, and shorter

tlian the compound (c.s.),

and very slender. Four

The rows be'nii about

Figs. 49, 49(

or five, short, simple set«e continue the outer rows back on either

'•'Posterior region of trunk. The tail-gland and penial setie are seen

in outline through the body-wall; ( x 386).

Fig. 49a.—Compound seti^ of ventral row; ( x 630).
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side of the anus. The number varies, in the specimens examined,

from seven compound and five simple, to fifteen compound and

seven simple set^e. In the inner rows, the setie are all compound,

and vary in number from 10-17.

In the female (PL xlix.), all the setfe, of both outer and inner

rows, are compound, and vary in number, from nine in the outer

and ten in the inner, to twenty in the outer and twenty-two in

the inner rows. All the compound seta? in this species are com-

paratively short and stout. The proximal segment is hollow;

while the distal segment is very

broad, with two, curious, lateral pro-

cesses, which are very characteristic

(Fig. 49a). In some of the younger

specimens, two, distinct, inner rows

of set{« are not fully developed. The

head-seta3 are not inserted on the

rostrum, but immediately behind it,

on the margin of the striated area

(Fig. 48, d.s.). They are ari-anged in

a semicircle on the dorsal side of the

head; and, in most adult worms ex-

amined, are eight in number, forming

two rows of four each. But, in one

female specimen, there is a third row

of two behind the other rows, the two

being inserted in a line with the

middle two of the rows in front.

or.

Ficr.oO tenax.

L.S.throiigh cuticle, and bases {Several young specimens have only
of ventral setas; ( x 830). r. » , . , i n , .

one row oi tour seta?, with a fine hair

inserted close to the outer mai-gin of each. In one case, a second

row appears to be just in process of foi'mation, in front of that

which is fully developed. In specimens deeply stained with

hiematoxylin, a small, jointed, distal segment is clearly discerni-

ble on each seta, the only case in which I have been able to dis-

tinguish this; though, in the other species examined, I have

thought it probable that the head-setae, as well as the ventral
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setae, were compound. The distal segment is much smaller than

in the case of the ventral setae, and can be seen only with the aid

of an oil immersion lens. The setae are hollow, and slightly

swollen at the base. They are bent forward, arching over the

rostrum, but do not reach quite to the anterior margin.

The trunk-hairs (Fig. 4 9, t.h.) are short and slender, not more

than 0'012 nnn. long, and are not swollen at the base. They

are arranged in eight longitudinal rows, the two rows on each

surface, dorsal, ventral, and lateral, being situated close together.

Each hair is inserted in a pit-like depression in the cuticle, from

the base of which, a fine canal runs inward to the inner body-wall

(Fig.51, t.h.). The rows extend over the rostrum to the serrated

margin of the cuticle, where

the terminal hairs form a

circle surrounding the pro-

minence on which the mouth

is situated (rig.48). The hairs ^'^^^

become longer towards the

anterior end (0*022 mm.), and

are especially long on the

rostrum, where there are three

strong hairs in each row.

Those on the ventral side of

the rostrum are nearly as stout

as the dorsal setae, so that,

under low magnification, they

give the appearance of a cir-

cular fringe of stout hairs sur-

rounding the anterior end.

TW.d.

mb

S.c

m.b.

Fiy.31

Fig. 51.

—

X. tenax.

Transverse section through anterior

region of trunk; ( x 950).

The ventral rows of trunk hairs are

continuous with the rows of ventral setae. The lateral grooves

(Fig. 48, l.o.) lie between the two lateral rows of hairs on each

side of the rostrum. They are large, and horseshoe-shaped or

hook-shaped, with the open end directed posteriorly.

On account of the toughness of the cuticle, satisfactory longi-

tudinal sections are difficult to obtain, but some transverse sections

show the internal structure fairly well. The thick cuticle (Fig.51,
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c?(^.) seems to consist of several concentric ]ainin{i3. AVithin it, is

a fine, structureless layer of uniform thickness, below which is a

very irregular layer, which ai3pears deep brownish-yellow in all

sections w^iich are double-stained with Erlich-hsematoxylin and

eosin. In places, this projects into the body-cavity, in the form

of thickenings, which have

no regular arrangement

cut. (Fig. 52, S.C.). Extending

along the inner surface of

int. ^^^® body-wall throughout

its length, from pharynx

to anus, are four equally

si^aced ridges of mesoder-

mal tissue (Figs. 51, 52,

ni.h.). Just behind the

pharynx, these are very

prominent, and consist of

a loose, vacuolated tissue

In

S.C."

l.m>.b.

Fig. 52.—X. fena.v.

T.fS. through posterior region of trunk

{ X 950).

containing large nuclei,

the mid-region, the ridges

are barely distinguishable,

but, towards the posterior end, they again become very promi-

nent, especially the two lateral ridges, which are here very large,

and enclose large spaces which, in places, are almost filled-out

with fine granules, staining a deep pink with eosin.

The body-wall encloses a coelomic cavity (Figs. 51, 52, c(d.),

which is extensive in the anterior region of the trunk, but,

further back, becomes nearly filled up by the alimentary canal

and genital organs.

The alimentary canal extends straight through the body, from

mouth to anus. The mouth leads into a muscular pharynx,

which is elongated and slender (Fig. 53, ^.>/«.). The j^osterior end

is slightly enlarged, but there is no definite bulb. Its walls are

one cell thick, the cells being few in number, and very large, with

a large nucleus in each. Round its anterior end, is a group of

elongated, slender, yellowish bodies, which seem to open into the
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moutli-cavity. They are probably digestive glands (Fig.53,c7.c//.).

The pliarynx is separated fi'om the remainder of the alimentary

canal by a sharp constriction. Behind tliis, the canal soon

widens out into a thin-walled tube (Fig. 51, r^.) formed of a single

layer of large cells, from fi^e to ten in cross-section, bounded

internally by a fairly thick wall, apparently composed of cuticle.

In side-view, the cells are pentagonal in shape, and ver}' large.

In the mid-region of the body, the alimentary canal becomes

narrower, and lies dorsal to the genital organs (Fig.55, int.). At
the level of the ^'entral setie, it again widens (Fig.52, inf.), and

its inner wall is thickened. Posteriorly, the intestine passes into

a wide rectum (Fig.56, re.) with thin walls of cuticle, wdiich opens

on the ventral surface by a narrow, transverse slit, the anal

aperture {a.).

cut

Fi^.Sj. M
Fig.53.—X tenax.

Sagittal, longitudinal section through antericjr end; ( x 830).

A group of finely granular, somewhat pear-shaped bodies lies

above the posterior end of the pharynx (Fig. 53, yls.). From each

of these, one or more strands run forward towards the anterior

end. It is not possible, in any of the specimens examined, to

trace them to their termination; but it seems evident that they

end in the bases of the dorsal seta3, and that the l)odiesare glands

supplying the set?e with some sort of fluid..
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Lying in the mesodermal tissue, just below the ventral setae,

there are, in addition, several rows of block-like, granular masses

(Fig. 56, b.m.), similar to those de-

scribed in Ch. haswelli. They cor-

respond fairly closely with the posi-

Figs. 54, 55.—^V ttnax, 9
*

Fig. 56. X. tenax, 9 .t

tion of the setfe, though they are fewer in number, as a rule.

They do not appear to communicate directly with the setae, and

* T.S. through genital region; ( x 630). Fig. 54.— Section through an-

terior ovary. Fig. 55.—Section through 9 genital aperture, and uterus,

t Posterior end, as seen in longitudinal section; ( x 550).
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I have not been able to determine their exact nature, but they

evidently bear some relation to the setie, and are probably

glandular. A large and prominent tail-gland {t.y.) lies dorsal to

the rectum. From this, a narrow duct, with very definite walls,

runs backward to open by a prominent pore, situated at the

posterior extremity of the tail. In several specimens, clear,

oval drops may be seen lying in the duct.

The male genital apparatus (PI. xlviii., t.) consists of a single,

straight cord running through the body-cavity ventral to the

alimentary canal. It begins towards the anterior end, and

appears to open posteriorly into the rectum. Its anterior end

consists of a solid mass of oval sex- cells in two or three closely

packed rows. Further back, the sperms become gradually differ-

entiated, and lie free in a wide tube, which passes abruptly,

about the middle of the body, into a thick-walled passage, ap-

parently filled with a solid, granular matter. There are two,

equal, penial setae (Fig.49, ^>.s.) lying dorsal to the rectum. Each

is a long, slender, curved rod, with an expanded, flattened,

proximal end.

The reproductive organs of the female (PI. xlix.) consist of two

ovaries, anterior and posterior {a.ov.^ p.ov.) which are connected

by a wide, median uterus. The latter opens on the ventral

surface, in front of the middle of the body, by a wide, transverse

slit, with thick walls. The ovaries are straight, fairly elongated,

and broadly spindle-shaped. Towards the uterus, each becomes

divided into a single row of long, narrow cells, cut off in a trans-

verse direction across it. It narrows as it approaches the uterus,

and is here sharply pointed, the contained cells being smaller and

more numerous. The uterus forms a receptaculum seminis

which, in most specimens examined, contains sperms. None of

the specimens examined contained ripe ova, and the development

has not been followed out.

Type-specimens, Nos. W, 456, 457; in the Australian

Museum, Sydney.
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Xotochti'tomma tenax, gen. et sp.nov

Total length

Length fi'om anterior end to neck -curve

Length of trunk covered bj' rows of setne

Lengtli from tip of tail to anterior end of

of seta-...

Length from tip of tail to anus ...

Length of tail

Greatest width at anterior end ...

Width at neck-curve

Greatest width of trunk ...

Width at level of ventral setK ...

Width at beginning of smooth tail-part

Length of rostrum

Length of setx" on rostrum

Length of hairs on head ...

Length of hairs on trunk ...

Length of ventral setre, outer rows

Length of ventral setae, inner rows

Number of setoe in ventral rows, outer...

Number of setce in ventral rows, inner...

Length of penial setct

Length from anterior end to genital pore

Measurements
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outer row (o.r.), and eiglit in each inner row (i.r., i.r .); and tlie

length of the rows is about 0'148 mm. The setae are short, the

inner shorter than the

outer. They measure re-

spectively 0'015 mm., and

0-026 mm. They are all

rather slender, and tapei-

distally. The end-segments

are small and expanded,

with two, small, lateral

„ . -.y processes.

-V.r -^^9 '^ ' The cuticle covering the

U body is much thicker than

Fig.oT.—X. cryytoctplmhim, n.sp. »i any othei' species ex-

Trunk in region of ventral setae, showing amined from New South

the character of the striations on cuticle, AVales' and the transverse
and the arrangement of the set.ne; ( x 650). ^^^^^ ^^.^ ,,^j,^, x^vO'^A, with

fairly wide intervals between them (Fig. 57). They number

about 200, and are of the same character and size all over the

body.

Fig. .")S.—y. i-ryptoctphalum.

Lateral view of anterior end; ( x 860).

The smooth rostrum (Text-fig. 58, r.) at the anterior end is

"OSS mm. long. It bears two rows, each of four dorsal set;e(f/.,s\),

about midway between the beginning of the striated area and

58
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the anterior extremity. They are comparatively short, 0-015

mm., and do not extend over the anterior margin of the rostrum.

There are no hairs or setpe on the posterior portion of the

rostrum, but several rows of hairs lying ventrad of the dorsal

seta?, which are almost as stout and as long as the setae, are on

a level with them, and are arranged in an exactly similar way.

The hairs on the trunk are fine and short, not more than 0-007

mm. long, and are quite inconspicuous.

The lateral grooves on the rostrum (l.o.) are in the shape of a

strongly curved spiral, with the opening turned towards the

dorsal seta\

The anus is a transverse slit, 0*140 mm. from the tip of the

tail (Text-fig. 59, a). It is surrounded by an oval, flattened patch

of cuticle, which is finely pitted. Just behind it, two stout hairs

are inserted, and bend over towards it.

Fig. 59.

—

X. cryptocephalum, 6 .

Posterior end; the penial set?e are seen througli the body-wall; (
x 480).

The shape of the tail is peculiar. It is 0-066 mm. long, slender,

and sharply pointed. The cuticle covering it is finely pitted for

two-thirds of the distance to the tip, and, on the ventral side, it

is raised into six sharp ridges or serrations, which give it the

appearance of a saw (Text-fig. 59, ^/.). About midway along its

ventral surface, there are two hairs inserted close together.

The cuticle is so thick that it is almost impossible to make out

any deta^ils of the internal structure.

The alimentary canal (Plate 1., r^., i/^/.) is a tube continuous
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from the mouth, at the anterior, to the arms, near tlie posterioi-

end, but the structure of its walls is not visible. The pharynx

{ph.) is slender, with a slight enlargement at its posterior end.

The male genital apparatus {t., v.s.) is just visible in outline,

and appears to be very similar in structure to that of the other

species described. Two, equal, penial sette are present (Text-fig.

59, />.*•.). They are 0'066 mm. long, and are very slender, and

strongly curved, with enlarged, proximal ends.

Type-specimen, No. W, 458; in the Australian Museum,

Sydney.

Xotochd'fosoma crypiocephahim, gen. et sp.nov. Measurements in mnis.

6

Total length 1 -QoG

Length of rostrum 'OSS

Width behind rostrum ... ... ... ... O'052

Width of narrowest part behind anterior end (r048

(Greatest width of trunk ... ... ... ... ()'()66

Width in region of ventral sette ... ... ... 0*048

Width at beginning of tail... ... ... ... (rdl,")

Length from tip of tail to anus ... ... ... 0'140

Length of tail 0-066

Length from anus to rows of ventral setie ... 0*048

Length of body covered by ventral seti>?... ... 0*148

. Length of bod3^-liairs ... ... ... ... 0*007

Length of dorsal seta^ ... ... ... ... *01 o

Length of hairs on rostrum ... ... ... O'Oll

Length of penial setie ... ... ... ... 0*066

Length of ventral setse, outer rows ... ... (rO'iO

Length of ventral set;e, iinier rows ... ... 0*015

Key to the Genera of the Family CluHosoDiatida',.

a. Head -swelling well developed, and well marked off from the

trunk by neck-constriction; pharynx enlarged in liead-

region to form one or more bulbs Cii.^iTOSow a

aa. No well developed head-swelling, and no definite neck-con-

striction; pharjmx not enlarged in head to form bulbs

NOTOCH.^TOSOM A.

Key to the Sj^ecies of the Genus Ch(Hfosotna.

a. Not more than two rows of ventral sette.

/) . \Vithout head-setcC C. op/iioccphalum

.

bh. With head-seta^.
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c . Setfi? of ventral rows compound C. dapartdii.

cc. Settt of ventral rows simple, and very delicate... 6'. macrocepha/um.

aa. More than two rows of ventral seta".

d. With three rows of ventral seta^.

e. Inadequatelj^ described species C. [ir<i^nkiudiciim.

ee. Recoij;nisable species.

f. Rostrum short and strai^^ht; head-seta^ poorly developed,

and not hook-like C. trixtlcocheta.

ff. Rostrum very long and sharplj' bent in a ventral direction;

head-setje well-developed and hook-like C. loiKjirosfrum.

dd. With four rows of ventral seta?.

g. With a conspicuous band of transverse stride behind rostrum.

h. With onlj^ one roM' of dorsal head-seta?; rostrum provided

with spines C. spinosum.

hh. "With more than one row of dorsal head-seta?; rostrum not

provided with spines.

/. With two row^s of dorsal head-setae; trunk-hairs arranged

in eight longitudinal rows C. ha-sirtlli.

n. With three rows of dorsal head-seta; trunk-hairs arranged

in six longitudinal rows C. hiheniicnm

.

gg. Without a conspicuous band of transverse stria? behind rostrum.

/. With three rows of dorsal head-sette; rows of trunk-setw

very long, extending halfway vip trunk C. falcutum.

Key to the Species of the Genus XotocJuetoi^otna.

a. Dorsal head-set;e not inserted on rostrum; tail not serrated . X. tenax.

aa. Dorsal head-sette inserted on rostrum; tail serrated along ventral

surface X. cryjAoa^phaliim.

All tlie figures, for both Plates and Text-figures, were drawn

with tlie lielp of the camera lucicla, the finished drawings being-

prepared by Mr. F. AV. Aitkins, of the Technical High School,

Sydney.
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EXPLANATION OF PLATES XLIV.-L.

Befereace fetters.—a., Anus

—

a.o., Swollen anterior end of resophagus in

head—«. or.. Anterior ovary

—

a.ph., Anterior pharyngeal bulb

—

h., Banded

area on head

—

h.77i. , Block-masses of granular tissue below ventral seta;

—

c.s.
,

Compound seta of outer row of ventral seta;—coe^.,C<Telome

—

cm^. Cuticle

—

rf.,'*., Dorsal locomotor seta;—c?.w./>., Dorsal, longitudinal, mesodermal band
—e.h., End-hairs

—

9 , ff.p., Female genital aperture

—

f/L, Glands lying

above pharynx

—

hd., Head

—

h.h.. Head-hairs

—

int., Intestine -/./*., Inner

roAv of ventral setae

—

i.r'.. Second inner row of ventral set*

—

Lo., Lateral

sense-organ

—

vi.. Mouth

—

nk, Neck

—

n.o.. Swollen anterior end of (eso-

phagus in neck

—

o.r.. Outer row of ventral sette

—

a\, (Esophagus

—

ph.,

Pharynx

—

p. or.. Posterior ovary

—

p.r.. Postanal portion of outer row of

ventral setai

—

p.ph., Posterior pharyngeal bulb

—

p.^., Penial sette—r..

Rostrum

—

re. Rectum— -s-., Simple setag in front of inner rows of ventral

seta;

—

s.c. Subcuticular layer of body-wall

—

s.s.. Simple seta of outer row

of ventral setse

—

sp., Sperms in uterus

—

t.. Testes

—

t.h.. Trunk-hairs

—

t.li'.. Short trunk-hairs between the long hairs tL, Tail

—

t.tj., Tail-gland

—

ut., Uterus— r.//t. 6., Ventral, longitudinal, mesodermal band— r.^-., Vesicula

seminalis.

Plate xliv.

—

Chfvtosoma falcatum, sp.n., 6 .

Fig. 1 ;— Side-view of a whole mount, (
x 240), with the cuticle drawn in (nit-

line onlj^, in order to show the position of the internal organs, the

structure of which is only faintly discernible through the thick

bodj'-wall.
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Fit,', lr^—Latero-ventral view of the posterior end of a male specimen,

siiowing the arrangement of the four rows of ventral setie, and the

character of the striated cuticle; ( x 520).

Plate xlv.

—

-Ch. falcatum, sp.n., ?.

Fig. 2.—8ide-view of a whole mount; (x240). The structure of the in-

ternal organs is not clearly visible through the thick cuticle.

Fig.2a.—Posterior end of a female specimen, seen from the side; ( x 520).

Fig. 2/).—A compound seta; (
x about 2000).

Plate xlvi.

—

Ch. hasiceUi, sp.n., J .

Surface- view, from the side, of a whole male specimen; ( x 240). The verj'

fine striations on the cuticle are only indicated in places.

Plate xlvii.

—

Ch. hasiceUi, sp.n., ? ; ( x 240).

Fig. 4rt ,—Sagittal, longitudinal section through anterior and middle region

of body, showing alimentary and genital systems. The bod3^-wall

has been crushed out of its normal position during the process of

embedding and section-cutting, so that the ctelome is almost ob-

obliterated, and the section is narrower than the true width oi the

animal. The posterior end is cut out, and hairs and other delicate

external structures do not show in a mount in Cana 1
' balsam.

Fig. 4/).—Whole mount of an immature specimen, with only a single row

of dorsal seta?, and three pairs of ventral setffi.

Fig. 4c.—Anterior end of specimen shown in Fig.46.

Plate xlviii.

—

Notodui'tosoma tenax, gen. et sp.n., i .

Side-view of a whole mount, ( x 240), showing the character of the thick,

striated cuticle, and other external features. The sharp curvatuie

at the anterior end is more pronounced in this specimen than is

usually the case. Plate xlix. shows the more normal curvature.

Plate xlix.—A", tenax, n.sp., ? ; ( x 240).

Side-view of a whole mount, with the cuticle drawn onl^' in outline, and

the internal structure shown.

Plate 1.

—

X. cryptocephalum, n.sp., i .

A whole mount, ( x 240). The posterior end was broken oti' during mount-

ing, and is shown separated from the rest of the body. The strong,

broadly ringed cuticle does not permit of a clear view of the internal

structure.
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Introduction.

Although cows' milk has been used by man as a food so long,

only during the last fifty years have precise methods been devel-

oped for the determination of its quality.

The keeping of herds is one of the most ancient of human indus-

tries, and the forerunner of the dairy farmer must soon have

noticed that the milk obtained from different cows differed in

quality. The differences first observed were, no doubt, merely dif-

ferences of taste; their detection arose directly from the evidence

of the senses. But later, when the arts of cheese- and butter-

making were acquired, arts which are themselves older than any

human record, differences in the amounts of these products

obtained from different samples of milk must have made them-

selves apparent. Rich milk was distinguished from poor; and so
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the first knowledge of the quantitative variation of the composition

of cows' milk was obtained.

Towards the end of the eighteenth century, man's attention

began to turn seriously to the quantitative investigation of the

composition of substances; and, during that period, Parmentier

and Deyeux (1790) published their quantitative analyses of cows'

milk, wliich are among the first recorded. By that time, a fairly

complete knowledge of the qualitative composition had already

been acquired. As early as 1615, Bartoletti had shown that milk

contains a sugar, in addition to fat and the cheese-forming sub-

stance known even then.

The first quantitative analyses of milk were, no doubt, of purely

scientific interest, but, as the dairying industry has grown, and the

output of its products has increased, the demand for precise

methods for determining the value of these products has become

more insistent. For milk is the most easily adulterated of foods.

Its bulk may be increased by the mere addition of water, and the

unscrupulous milk-vendor has been only too ready to avail himself

of this simple method of adding to his profits. lii all civilised

countries, therefore, administrative bodies have been appointed

to control the sale of milk and of other foods. On the

recommendation of these bodies, standards are fixed by

law from time to time. To these standards all milk

produced for sale is required to conform. The standards

vary in different countries, and in different districts of the

same country. They were primarily devised for the detection

of the addition of water to milk, and generally consist of state-

ments of the percentage values of certain constituents, fat, solids

not fat, and total solids, below which the values in the milk sold

may not fall. The addition of substances foreign to the milk to

preserve it is also forbidden, and, recently, a certain value of the

freezing point has been added to the standards required in some

districts.

As a result of these regulations, the chemical examination of

milk lias become a daily necessity, and, in the last quarter of a
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century, an enormous number of analyses has been carried out,

both by the authorities responsible for the control of the food-

supply, and by the producers who wish to know the value of their

product.

The standards set by the authorities were considered by them to

he such as would be complied with by any normal, unadulterated

milk. These standards, of course, were based on extensive series

of investigations, and, for a time, all milk not complying with the

standards was regarded as adulterated. Those engaged in the

dairying mdustry, however, soon found that, even under normal

conditions, the composition of cows' milk sometimes varied between

wider limits than those prescribed by the standards. This fact has

been somewhat tardily recognised, in some cases, by the authorities

controlling the sale of foods, but a distinction is now made in most

countries, between the sale of adulterated or pathological milk, and

the sale of milk which may be simply below standard in some of

its constituents.

The question whether milk lias been adulterated with water, or

is naturally deficient in solids, is one which is extre.nely difficult to

settle by chemical means alone. The early investigations of Beck-

mann (1894), Winter (1895), Carlinfanti (1897), and others, on

the freezing point of milk showed that, in the measurement of this

property, lay a convenient means of detecting the addition of

water. They showed that the freezing point of milk remains

extremely constant, no matter liow the composition may vary. The

work of subsequent investigators, notably that of Brownlie

Henderson and Meston (1913, 1914), in Queensland, has con-

firmed and extended these results. This method, however, does not

detect the addition of solutions which do not alter the osmotic

pressure of the milk.

The relatively large variations to which the composition of nor-

mal cows' milk is subject, and the consequent fluctuations in its

butter-value, have induced dairy farmers to carry out numerous

investigations with the object of determining the cause of the

variations. The possession of this knowledge would be of use in

59
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suggesting means by which the variation might be controlled and

made to proceed in a desired direction, or, at least, predicted. The

researches which were luidertaken to acquire this information were

at first confined almost entirely to determinations of the amounts of

butter-fat yielded by cows.

The two outstanding factors which have been recognised to play

the chief parts in determining the amount of fat which a cow yields

in its milk are, firstly, the breed and individual peculiarities of the

animal; and, secondly, the method of milking. The factors were

recognised vaguely before any quantitative work was done on the

subject, and the investigations so far carried out have doi^ little

more than confirmed and made precise the prevailing impression.

Unfortunately, the investigators have concerned themselves chiefly

with the output of herds, and not of single cows. For the herd is

the commercial unit: it is the mixed milk from his herd that a

dairyman usually sells.

Certain breeds of cow, such as the Jersey, habitually yield a milk

which is rich in fat, while other breeds, such as the Holstein, give

a more copious flow of a poorer milk. It has been pointed out by

von Wendt (1903), that cows yielding a rich milk are, in general,

small. Their calves will, therefore, lose heat more rapidly in pro-

portion to their weight than the calves of larger animals, and will

require a relatively greater supply of heat-producing material in

their food. Conversely, the larger breeds of cows produce a greater

quantity of milk poorer in fat, since their larger offspring require

more nutritive material, but do not lose heat so rapidly, in propor-

tion to their weight, as those of the smaller animals.

Although the breed of a cow is, for practical purposes, the most

important factor determining the quality of its milk, since herds

are usually dealt with, it must be remembered that the individual

peculiarities of an animal are of even more fundamental import-

ance. The formation of a breed is, after all, only a means adopted

to perpetuate the qualities of certain individuals, which are

superior in some way to their fellows, either in their suitability to

environment, as in the natural breeds, or in their economic value,

as in the breeds produced by human selection.
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The breed and individuality of a cow are thus tlie principal

factors determining' its total output of milk from day to day.

But the amount and quality of a sample of milk, obtained from a

cow at any particular time, are subject to great variations, and

these variations are dependent on the manner in which the cow is

milked. It is obvious that, if a cow yields a certain amount of

milk per diem^ the more frequently it is milked, the smaller will be

the quantity obtained at each milking; for it has been shown, that

the number of milkings j^er diem only slightly affects the total

yield (Lalim and Grande, 1913). The amount of milk which is

obtained at a milking is proportional to the period which has

elapsed since the last milking.

The quality of milk is also profoundly affected by the stage of

milking at which the sample is collected. This fact was known to

Peligot (1836), who showed that the milk first drawn from the

udder is considerably poorer in fat than the last portions of a

milking. Numerous subsequent investigations have confirmed this

observation, and the work on the subject was reviewed and

extended by Ackermann in 1913, and again by Isaachsen, Lalim,

and Grande in 1913. The first portion.s of a milking may contain

less than 1% of fat, while the last portions contain more than

.10%.

The quality of the milk obtained is affected in the opposite

direction to the quantity by the periods which elapse between suc-

cessive milkings. The milk obtained after a short period of rest

contains a higher percentage of fat than the milk obtained after a

longer period (Melander, 1892; Petersen, 1894). For this reason,

the milk obtained in the morning, when cows are milked twice a

day, contains a lower percentage of fat than that in the milk of the

afternoon. The period elapsing between the milking in the morn-

ing and that in the afternoon is generally greater than that

elapsing between the milking in the afternoon and that on the

following morning.

The food which a cow eats naturally exerts a great influence

on the quantity and the quality of the milk which the animal pro-
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duces. But this influence seems to be nothing more than the

general effect of food on the health and activity of a living organ-

ism; a well-nourished cow yields more and better milk than a

poorly nourished animal. An enormous, amount of work has been

done to determine the relation between the food of a cow and its

production of milk. The co-operative experiments which have

been in progress in Denmark, since 1887, may be referred to as an

instance. In these experiments, more than 4,000 cows have been

examined, but the results, which have been reviewed by Annett

(1915), show that the food has practically no influence on the

composition or quantity of fat in the milk produced, as long as the

food is sufficient to maintain the cow in vigorous health. These

statements refer only to feeding on a commercial scale, and not

to the administration of special substances, nor to the eating of

plants which may impart distinctive odours or tastes to the milk.

Much work has also been done to determine the effect of the

addition of various inorganic salts to the diet of a cow, but the

investigations of von Wendt {loc. cit.), and of Schulte-Bauming-

haus (1903), have shown that, in this case, too, no definite effect

can be produced on the quality or quantity of the milk secreted.

The only effect noticed was a slight increase of calcium in the milk

after the administration of calcium salts. The amount of phos-

phate could not be correspondingly increased.

It appears from the work of Graham (1904), however, that the

amount of water, which a cow receives with its food, has a definite

effect on the yield of milk. A copious water-ration appears to

lead to the secretion of a larger volume of more dilute milk. "Milk

may be watered through the mouth of the cow."

The effect of the injection of so-called galactogogues into the

circulations of lactating animals may be mentioned here. The

most effective and best known of these substances is pituitary

extract. It was thought by some investigators that the injection

of these substances acted as a stimulus to the secreting cells of the

mammary glands, and led to an increased production of milk

(Hammond, 1918; Maxwell and Rothera, 1915). The work of
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Gaines (1915) demonstrated, however, that pituitary extract exerts

its effect by stimulating the smooth musculature of the mammary
gland, and leads to an increased extrusion, but not to an increased

secretion of milk (see also Mackenzie, 1911), since the volume of

milk produced under its influence is no greater than the decrease

of the volume of the udder.

The effect of the seasons of the year, on the mean composition of

cows' milk in Great Britain, is well shown by the monthly aver-

ages which are published, from year to year, by Droop Richmontl

(1887 onwards). The milk secreted during the winter-months has

slightly higher percentages of fat, and of solitls not fat, than the

milk secreted during the summer-months. The work of Lythgoe

(1914) has shown that a similar effect is exerted in North

America, and that the behaviour of the percentage of solids not

fat is due chiefly to variation of the percentage of protein.

Seasons, in the sense of good and bad seasons, of course, have a

very marked effect on the milk-production of a cow, but this eifect

is an indirect one, and is due to variations in the quality and

quantity of the food-supply of the animals.

The effect of the course of lactation on the composition of cows'

milk has been studied in some detail. The greatest changes occur,

as is well known, during the period immediately after calving.

Colostrum, the milk secreted during the first day or two of lacta-

tion, contains a much larger percentage of protein than ripe milk.

The extra protein, which is present in colostrum, has been shown

by Crowther and RaLstrick (1916) to be a globulin, identical with

tlie globulin of the blood-plasma of the cow. In ripe milk, the

amount of this globulin is very small (0'03%).

After the first week of lactation, the composition of the milk

does not vary rapidly in any one direction, although it is subject

to daily fluctuations. No precise generalisation can be formulated

for the variation of composition during lactation. Recent work

shows, however, that, on the whole, the average percentages of fat,

protein and ash fall during the first three to six weeks of the post-

colostral period, vary about constant values during the greater
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part of the period of lactation, and increase again towards the end

of the period. The yield of milk, and the percentage of sugar,

on the other hand, decrease steadily during the whole period of

lactation. (Crowther and Ruston, 1911; Eckels and Shaw, 1913).

The factors which determine the composition of the milk secreted

by a cow thus fall into two groups: those which are due to con-

ditions independent of the animal itself, and those which are fixed

by the animal. The chief extrinsic factors are : the food, the sea-

sons, and the methods of milking. As long as the variations of

these factors are not such as to disturb the health of the cow, they

have very little effect on the average output or quality of the milk.

The main intrinsic factors are: the idiosyncrasy of the cow, its

inherited characters or breed, and the stage of its lactation. These

are the factors which determine the kind and amount of milk that

a cow secretes, and, of these factors, the first two are predominant,

except at the beginning and end of the period of lactation.

A cow, then, is not to be regarded as a milk-producing machine,

whose output is determined by the nature of the raw material sup-

plied, and by the conditions of working. It is a physiological

mechanism whose product, though not uniform, is independent of

considerable variations of the external conditions. The variations

of the product are determined by the mechanism itself. This great

fact is now fully recognised by the dairy-farmer, who realises that

the output of his herds is to be improved by paying attention, not

so much to the feed, as to the breed of the cows.

Since the composition and amount of the milk produced by a

cow cannot be varied at all, by adjusting the external conditions

and diet, it is important to know over what range of values the

spontaneous variations of composition and properties may be

expected. Such information is only to be obtained by examining

specimens of milk from a large number of single cows. The

l>aucity of complete analyses of the milk of individual cows has

already been referred to. The bulk of the analyses of this

kind have estimated only the volume of milk yielded by the

cow and the i3ercentage of fat; the investigators have been con-
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cerned solely with the butter-producing quality of the animal. The

series of more complete analyses are, in general, too short to allow

any useful conclusions to be drawn from them. Among the few

extensive series of analyses may be mentioned those of Collins

(1904), whose object was to calculate the probabilities of devia-

tions of different magnitude from the legal standard; and of

Fresenius(1909). This work, too, however, was conhned chietiy to

an examination of the fat-content. Lythgoe {luc. cit.) carried out

a very extensive investigation of a similar character, in whicli

other constituents besides fat were determined.

The statements of the different investigator.s, as to the relative

variabilities of the constituent of milk, are not very concordant.

Nearly all agree in one conclusion, however, and that is that the

most variable constituent of milk is the fat. The majority of

investigators also find milk-sugar to be the least variable of the

constituents, but, on this point, the agreement is not so complete.

ticope of Present Work.

The object of the work recorded in this paper is to present a

series of complete analyses of samples of the evening-milk of

hidividual cows. The cows examined were not chosen for the pos-

session of any special qualities. They were, however, members of

herds which were maintained under the most favourable conditions,

and were not kept for profit. All the cows examined were supply-

ing milk which was being used for human consumiDtion, and all

were milked under the same conditions, as regards time of milking

and period since last milking. The cows had not been subjected

to any change of diet for several weeks, at least, before the collec-

tion of tlie samples. The collection of samples extended over three

seasons of the year. Over one hundred samples of milk were

examined, and determinations were made of: (1) the yield of

milk; (2) density; (3) freezing-point; (4) electrical conductivity;

(5) total solid matter; (6) fat; (7) sugar; and (8) ash. From
these results, the percentages of protein and extractives, and of

solids not fat, and the total quantities of fat yielded were cal-

culated.
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The results obtained have been submitted to a simple statistical

treatment, by which the most probable values of the ciuantities

measured, and their relative variabilities, have been determined. It

has been found that the quantities measured fall into three sharply

defined groups, as regards their variability: the values of certain

physical properties are least variable, the concentrations of the

substances present are more variable, and the amounts of these

substances obtained at a milking are most variable. The concen-

trations of the substances in solution are considerably less variable

than those of the substances in suspension.

Methods.

The cows examine d—The cows, from which the samples

of milk described were obtained, were all kept in the dairies

attached to certain Government Mental Hospitals in the vicinity

of Sydney. The whole output of the cows was consumed in the

Institutions to which they were attached. The following data with

regard to the cows were obtained from the dairy stock-books.

(1) The breed of the cow. In nearly all instances, the cows

were crossbred, and the breed given is that of the predominating

strain.

(2) The number of calves, to which the cow liad given birth at

the time of the collection of the samples of milk. In the cases of

cows Nos. 23-46, records of the numbers of calves could not be

obtamed. Records of the ages of the cows Avere available, how-

ever; and to make the data for these cows uniform with those for

the others, the numbers of calves have been calculated from the

ages, on the assumption that the first calf was born when the cow

was two years old, and that, after that age, one calf was born every

year. The numbers of calves calculated in this way are only

approximate.

(3) The period which had elapsed between the birth of the last

calf, and the collection of the sample of milk. This period is

exjjressed in Table ii. below, in days.
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The following data were also obtained at, the time of the collec-

tion of the samples:

—

(4) Tlie diet of the cows. The daily rations of the various cows

were as follows:

—

Cows, Nos. 1-22—Pollard, 2 51bs. ; bran, 701bs.
;
green barley-

chaft', ad lib.

Cows, Nos. 23-34—Bran, 81bs.
;
green chaffed oats, (iOlbs.

Cows, Nos. 35-46^Bran, Slbs. ; lucerne-liay, 301bs.

Cows, Nos. 47-109—Bran, Slbs. ; cow-meal, 21bs. ; lucerne-chaff,

161bs.

In no instance had the diet of the cows been changed immedi-

ately before the collection of the samples of milk. The shortest

period, which elapsed between a change of diet and the collection

of samples, was three weeks. It occurred in the case of cows, Nos.

35-46.

The period during which samples of milk were collected

extended from October 31st, 1916, to April 30th, 1917. This

period was one of six months, and included the latter half of

Spring, the whole of Summer, and the first half of Autumn.

The cows examined were all milked twice each day. The

morning-milking occurred between six and seven o'clock, the after-

noon-milking between three and four o'clock. The period between

the milking on one morning, and that on the following afternoon,

was thus about half that between the afternoon-milking and that of

the following morning. It is to be expected, from what has been

stated already with regard to the proportionality between the time

of rest and the yield of milk, that the amount obtained at the

afternoon-milkings, from which the samples were obtained, would

be about half that obtained at the corresponding morning-milkings.

To test this supposition, the weights of milk obtained in tlie morn-

ing were measured, as well as the weights obtained in tlie after-

noon, in the cases of a number of cows. The following Table gives

the results obtained.
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Table i.

Weights of milk obtained at morning- and afternoon-milkings.
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thoroughly mixing the milk before taking a sample, if the sample

is required to give information about the total amount of milk

yielded by the cow at the particular milking under examination.

The quantity of milk obtained from each cow was deter-

mined by weighmg with a spring balance. These weights are

correct to about 01 kg.

The examination of the milk was commenced on the afternoon

on which it was collected. The milk was kept in an ice-chest, at a

temperature of about 5"C., during the following night. When-
ever possible, all the operations, which it was necessary to carry

out upon t?he fresh milk, were completed before the following

afternoon, i.e., before the milk was 24 hours old. During this period

the milk was kept for about 14 hours in the ice-chest, so that it was

exposed for less than 10 hours to ordinary temperatures. The

temperature of the milk never rose above 20''C., and Chapman

(1908) has shown that, even at temperatures as high as over

30°C., souring does not commence until about 1 1 hours have

elapsed since milking. Whenever it became impossible, for any

reason, to complete the examination of the milk in the unaltered

state within the specified time, 5 drops of formalin were added to

each 100 c.c. as a preservative. The addition of this small

amount does not measurably alter tlie properties of the milk under

investigation (Reiss and Sommerfeld, 1909).

D e n si t y.—The density of the samples of milk was deter-

mined by weighing in a pycnometer of 25 cc. capacity, provided

with a thermometer. To save time, no attempt was made to till

the pycnometer at a constant temperature. The weights \vhen

filled at different temperatures were determined, and a gra23h was

drawn, from which the corresponding weight at 25X\ could

be read off. Observations were made at temperatures ranging

from 10'' to 30°C. Above 17''C., the points plotted lay upon,

or very close to, a smooth curve, the maximum deviation

being less than 2 mg. Below 17°C., the points obtained were

rather scattered. This behaviour is due to the fact, which was

noted as early as 1841 by Quevenne, that, at a temperature in the
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vicinity of IS^C, a sudden increase of density, which has been

termed the thickening' of milk, takes place. Fleischmann and

Wiegner (1913) have shown that this change is due to the solidifi-

cation of the milk-fat, wdiieh causes a discontinuous change of

density. In the present case, all the determinations of density

were made at temperatures within 17°C. and 22°C. Within this

range of temperature, the coefficient of expansion is practically

independent of the fat-content {cf. Midler's Tables, 1892). The

pycnometer was weighed to the nearest 25 mg., a weight which

corresponds to a difference of density of 1 in 10,000. This differ

ence is, therefore, the limit of accuracy of the determination.

The pycnometer was standardised with water at 25°C., and the

densities arc those of milk compared with water at this temper-

ature.

Depression of freezing-poin t.—The freezing-

points of the samples of milk were determined by the method

described in a previous paper (Wardlaw, 1911). The greatest

variation observed between duplicate estimations v.as 0'002"C.

The freezing point of water could be determined within the same

limits. The depression of freezing point (A) is the diffei-ence

between these two values; its possible range of variation is, there-

fore, 0'001°. As this variation is on a depression of the freezing

point of water of about 0'55°C., the results obtained are com-

parable to 1 in 125. Milk contains substances in suspension.

Its value of A is, therefore, slightly lower than that correspond-

ing to the actual amount of substances in true solution (Tezner

and Roska, 1 908). In the present work, only comparable values

of the depression of the freezing point are required, and no

attempt was made to obtain absolute values, to obtain which,

special apparatus and precautions are required (Kaoult, 1898).

The difference from the absolute values of the present results is

very unlikely to be more than 0"01°C.

Electrical conductivit y.—The electrical con-

ductivities of the samples of milk were determined by the usual

method of Kohlrausch and Nippoldt (1869). The secondary

circuit of an induction coil was used as the source of current, a
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telephone was used as the null instrument, and the readings of

resistance was made on a Wolff's pattern Wheatstone-bridge.

The conductivity-vessel was made with vertical electrodes to

hinder any settling of particles upon them. The cell-constant of

the vessel was determined by measurement of the resistance of

N/50 KCl solution. The determinations were all made in a

thermostat at 25°C. Readings of the bridge could be made
within a range of 1 in 200, and as the determination of the cell-

constant was subject to about the same variation, the values

obtained for the conductivities are subject to an error of 1 in 100.

Total solid s.—The percentage of total solid matter in the

samples of milk was determined by evaporating 1 cc. to dryness

in a watch-glass at 102^^0., in a glycerine-oven. The heating-

was continued for about IS hours. The solids were cooled over

CaClo in a desiccator before weighing. The amcjunt of milk

used was measured from a pipette which had been calibrated by

weighing, the calculations being made on the weight of milk

delivered. It has been shown by Poetschke (191 1), that the

weights of successive portions of a sample of milk, delivered from

the same pipette, agree together very closely. This result was

also obtained in the present case, when the extreme difference

between the weights of five portions of a sample of milk, de-

livered from the pipette used for the analyses, was 0"0004gm.,

or 0'04%. The extreme variation observed in two series of 1

2

test-determinations each, of the weight of total solids obtained

from Ice. of milk, as described above, was 0*0016 gm. The

results obtained in the remaining determinations are assumed to

be comparable within this limit of variation (0"7%). The solids

of milk are very hygi-oscopic, when nearly dry, and it has been

shown by Leavitt (1910) and by other workers that, although

closely agreeing values may be obtained for the percentage of

moisture in substances like this when the estimations are carried

out under uniform conditions, it is a matter of some difficulty to

determine the absolute amount of water present. Further, de-

hydration of lactose proceeds slowly at temperatures of about

100° (Soldner, 189G).



830 THE VARIABILITY OF COWS' MILK, i.,

F a t.—The percentage of fat in the samples of milk was

determined by the method of Rose (1887), as modified by Gottlieb

(1890). Milk, mixed with ammonia and an equal volume of

alcohol, is shaken up with ether; petroleum spirit is then added,

and the mixture shaken up again. After standing, the mixture

separates into aqueoiLs and ethereal layers. The levels of the two

liquids are read off, an aliquot part of the ethereal layer is

evaporated down, and the fat left is weighed. The relative accu-

racy of the method depends chiefly on the precision with which the

levels can be read. In the present case, the volume of the ethereal

layer was about 50 cc, and this volume could be determined to

0*5 cc, or about 1%. The difference between duplicate estimations

might thus amount to double this value, if the errors in the two

estimations were to fall in opposite directions. The actual range

of variation observed in six control estimations was 2-3^, a value

sufficiently close to the calculated maximum variation. The devia-

tion from the mean is half tliis value, and the results are given in

the Table to 1 in 100. Ten cc. of milk were used for each estima-

tion. The milk was delivered from a pipette delivering a known

weight, as described previously.

L a c t o s e.—The percentage of milk-sugar was determined

by the method of Salkowski (1912). In this method, milk is

almost saturated with ammonium sulphate, and mixed with an

equal volume of a saturated solution of ammonium sulphate. The

liquid is filtered, and the specific rotation of the clear filtrate is

determined, [ajp being taken as 52 '53'. Jahnson-Blohm (1913),

and Rosemann (1914) have shown that the presence of ammonium

sulphate, in the concentration used by Salkowski, lowers the optical

rotation of a solution of pure lactose by about 2%. Scheibe(1901)

showed, liowever, that, in the case of milk, optical methods in

general gave higher results than gravimetric methods. This is

due to the fact that, in precipitating the proteins, the volume,

through which the lactose is distributed, is reduced, and its con-

centration is raised. Kretschmer (1913) has shown that the

results obtained by Salkowski's method are about 1% higher than

those o))tained gravimetrically.
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In the present work, the rotations could be read to 0*02', or a

variation of about 1%. The vohnne of the Hquid, in the cylinders

in which the precipitations were carried out, could be read to

0*5 cc. in 100. The total range of variation is thus 1'5%, which

would give a possible difference between duplicate estimations of

3*0%, if all the errors in the two cases fell in opposite directions.

The difference actually found between duplicate estimation.s was

2%. The results given are regarded as relatively accurate to 2 in

100, and are given to the nearest 0*05%. As this variation is

greater than the correction proposed by Kretschmer, this correc-

tion has not been applied in the present case.

Ash.—The percentages of ash in the samples were deter-

mined on the weight of milk delivered from a 5 cc. pipette, cali-

brated as described. The samples were first dried at 103°C.,

and then ashed in a muffle-furnace at a low red heat. In order to

determine what loss of chlorides occurred in the ashing carried out

in this way, control-determinations were made by charring the

milk at a temperature below red heat, leaching out the chloride,

ashing the remainder, adding the solution of chlorides, and evapor-

ating to dryness. The results by the two methods differed by only

0'4% of the weights of ash obtained. The values in the Table

are given to 0*01%, or to 1 in 70.

The substances left, after the estimation of fat, sugar and ash,

consist of protein, citric acid(0"2%, Scheibe, 1891), and substances

containing about 5% of the total nitrogen of the milk. Of these

residual substances, the protein forms more than 90% (Munk,

1893; Camerer and Soldner, 1893). Numerous attempts were

made to estimate the protein directly by precipitation with alcohol,

according to the method previously described for human milk

(Sikes, 1906; Wardlaw, 1914). With cows' milk, however, the

precipitate obtained in this way contains a very high percentage

of ash (over 10%), and in the time available for this portion of

the work, it was found to be impossible to dry the precipitate to

constant weight. The figures given for the percentage of protein

and the remaining constituents of the milk were ol)tained })v sul)-
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traction of the percentage of fat, milk-sugar, and ash, from the

percentage of total solid matter. The values given for protein and

tlie remaining substances are, therefore, subject to the variations

of all the values for the percentages of fat, milk-sugar, ash, and

solids; and if all these errors happened to fall in the same direc-

tion, the corresponding error of the percentage of protein, etc.,

might amount to as much as 5%. In practice, however, the error.'^

will be more likely to balance one another. The figures for the

percentages have been given to the nearest 005.

Results.

The numerical results of the chemical and physical examina-

tion of the samples of milk discussed in this paper are given in

Table ii. The Table also contains the data for the breed, age,

and stage of lactation of the cows from which the samples were

obtained. The entries in the sev^eral columns are as follows:—
(1) Serial number of sample.

(2) Date of collection.

(3) Chief strain of breed.

(4) Number of calf.

(5) Age of calf in days.

(6) Weight of sample in kg.

(7) Density at 25 C.

(8) Depression of freezing point (A).

(9) Electrical conductivity in reciprocal ohms x 10~''',at25C.

(10) Percentages of total solid matter.

(11) Percentage of water.

(12) Percentage of fat.

(13) Percentage of solids not fat (8,n.F.).

(14) Percentage of lactose.

(15) Percentage of ash.

(16) Percentage of protein and extractives.
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To obtain some general idea of the significance of series of

figures like those in the above Table, it is usual to calculate from

them certain representative or mean values. The commonest form

of mean value is the arithmetic mean, and this is meant by the word,

unless something else is specified. The arithmetic mean, however,

is only truly representative of a series of results when all these

results may be considered as equally likely to occur. A few excep-

tional results do not really alter a series as a whole, but such

exceptional results affect the arithmetic mean value, and their

effect becomes more noticeable as these results become more

unlikely to occur. Such a mean value, which <is unduly affected by

exceptional results, has, therefore, obvious defects as the repre-

sentative value of a series. Further, the arithmetic mean takes no

account of the manner in which the results in a series are grouped.

It gives no information whatever about the distribution of the

results withm the series. The arithmetic mean, on the other hand,

is very simply calculated, and in series of values that have no

definite grouping, it is the only form of mean value which can be

obtained.

Attention may be drawn here to the fact, that the mean values

of the composition and properties of a number of samples of milk

are not necessarly the same as those of the milk obtained by mixing

together all these samples. In calculating the arithmetic mean, no

account is taken of the varying sizes of the samples. In mixing

together a number of samples, how^ever, the size of each will have

an effect on the composition and properties of the mixed milk. As

it is the mixed milk, and not a hy^Dothetical mean milk w^hich is

sold, the values of the composition of the mixed milk have been

calculated, and the figures for them have been inserted in brackets

under the corresponding mean figures. As will be seen, the differ-

ence between the two figures in no case exceeds 2% of their value.

The ''mixed" values of the physical properties have not been cal-

culated, as the variation of these is so small, that the differ-

ences from the mean values must be even less than in the ease of

the composition.

The sunLs of the percentages of the constituents in the above

Table do not exactly equal the percentages of total solids. This
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is due to the fact that the percentages of the constituents are not

given nearer than 0*5%, except in the case of the percentage of ash.

Tlie mean vahies of the results in Table ii. are given below

(Table iii.). The maximal and minimal values of each quantity

Table iii.

Maximal, minimal, and mean values of the composition and properties of

cows' milk; and actual and relative ranges of variation of the results.
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is not from zero to the maximal value, but from the density of

water to this value.

Similarly, the greatest range of the percentage of water in the

milk is nut from zero to 100%, but from the minimal percentage

to this value, and the relative variation is the same as that cal-

culated for the range of the i^ercentage of total solid matter.

The above results show that the greatest relative variation of the

values of the quantities observed is in the weight of fat obtained

at a milking. This weight varies from 416 to 53 gm. The maxi-

mal weight is nearly 8 times the minimal, and the relative range

is 2.

The quantity having the least relative variation is the depression

of freezing point of the milk, for which the value is 0084. For

the weight of fat, the relative variation is more than 20 times as

great as this.

The greatest relative variation of the percentage of a constituent

of milk is that shown by the protein, in which it is 1-5. The per-

centage of total solid matter shows the least relative variation, the

value in this case being 0-45.

Among the single constituents of the milk, the least relative

variation is that shown by the lactose, in which it amounts to 0-59.

The relative variation of the percentage of fat is 10, or nearly

double that of the lactose.

In the following Table are given the mean values of the com-

position and properties of the samples of milk obtained at the

same milkiugs. Each mean figure, except the fii^st two, is for the

milk of 12 cows; the first two series of mean values are for the

milk of 11 cows. From these figures, comparisons may be made of

the average milk obtained from ismall herds at single milkings.

For the reasons already mentioned, these figures are not neces-

sarily identical with the figures for the values of the composition

and properties of the mixed milks of the herds.

The actual and relative variations of the different quantities

are given as before. In addition, the ratios of the ranges of

variation of the mean figures (Range 2) to the ranges of variation

of the individual figures (Range 1) given in the previous Table

are also shown.
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The ranges of variation of these mean values of tlie composition

and properties of the milk of groups of cows are, of course, less

than those of the individual samples. The extents to which the

individual variations are masked by this process of averaging are

widely different in the different quantities measured. The relative

values of this masking-effect are shown by the figures in the column

headed Range 2, Kange 1. These figures show that, in the case of

the values of the weight of milk obtained at a milking, the mean

results have a range of variation 041 of the range of the indi-

vidual results. The masking of the individual variation, produced

by taking the mean figures, is less in the present case than in the

case of the values of any of the other cjuantities.

The mean values of the percentages of solids not fat, on the

other hand, show a range of variation which is only Oil of that

of the individual results. The process of taking the mean values

of the percentages of these substances has, therefore, a very pro-

nounced effect of obscuring the range of variation which actually

occurs, even in the case of small groups of samples, like the

present.

The difference between the mean composition and the com-

position of the mixed milk is more pronounced in the case of these

smaller numbers of samples than it was in the case of the larger

number. The difference does not in any case exceed 5% of the

value in question, however.

These results raise the question, whether the fact, that the

samples of milk examined for commercial or legal jDurposes are

almost invariably mixed samples, may not have given rise to an

exaggerated notion of the constancy of the percentage of solids

not fat. The existence of such a notion would, perhaps, lead to

the establishment of a standard for the percentages of these sub-

stances, which would be too close to the mean value to make allow-

ance for the variation met with in individual samples of milk.

The standard for the percentage of solids not fat is 8-5 in all

the States of Australia, and in England. It is mteresting to

observe that, even among the above mean and "mixed" values of

the percentage of solids not fat, one is at the standard, and one is

below it. Of the individual values, nearly one-half are at or below
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this standard. This fact is discussed in greater detail later.

It is interesting to notice that the group of samples ('J8-105I),

the mean value of whose percentage of solids not fat is below

standard, is not the same as the group (59-70), whose "mixed''

percentage is below standard. Such an instance emphasises the

importance, for some purposes, of distinguishing betw^een the mean

composition and the composition of the mixed milk.

Distribution of Results.

A knowledge of the distributions of the values obtained for the

different i3roperties and constituents of milk is of much greater

13ractical importance than information about their mean values, or

the extreme ranges over which they may vary. The practical ques-

tion which must be answered is : Of a given number of samples of

milk, how^ many may be expected to have values of their composi-

tion or properties below or above certain limits?

Although the limits may be chosen arbitrarily, it is useful to

have some central value about which to' fix them. The objection to

the arithmetic mean, as already stated, is that it is miduly influ-

enced by exceptional results. A value which is even more simply

obtained than the arithmetic mean, and which is not affected by

exceptional results, is the median. The median value of a series

of observations is that value, above and below which 50% of the

results lie. The position of the median is most easily determined

graphically by plotting the values of the observations as abscissae,

and the numbers of results below each value as ordinates. The

median value is that whose ordinate is equal to half the maximal

ordinate. The curve drawn through the points obtamed in a

diagram of this kind is usually S-shaped, and was termed the ogive

by Galton (1879), by whom this method of examining a series of

observations was very extensively used.

The median, then. Is a convenient central value about which to

measure the distribution of a series of measurements. In the

following Table are given the numbers of results lying betweeii

certain percentage differences from the median values of the com

position and properties of the samples of milk under discussion.

The numbers of results are expressed as percentages of the total

and are given to the nearest whole number.
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The above table shows the differences of closeness of grouping

about the median of the values of the diiferent quantities

measured. The general shape of the table shows almost graphi-

cally the different ranges of variation which have been discussed

above.

If a range of, say, 10% from the median be considered, the

grouping of the results in the immediate vicinity of the central

value may be compared. The results within this range indicate

that the quantities measured may be divided into three main

groups as regards their relative variability:

—

(1) The total amounts of substances produced by the cows in

the period which had elapsed since last milking, about 8 hours.

These quantities are the most variable.

(2) The concentrations in which these substances appear in the

milk. The variations of the concentrations are less, and in some

eases very considerably less, than the variations of amount.

(3) The values of certain physical properties. These are the

least variable of all the quantities measured.

The quantity of the milk secreted by a cow in a given time is

the most variable quantity observed. As the above Table shows,

only 22% of the results fall within a range of 10% from the

median value.

The quantity of fat produced by the cow in the same time is

rather less variable, as 33% of the results occur within 10% of

the median value. This method of examining the figures, there-

fore, shows that there is some tendency of the amount of fat pro-

duced to be more "constant" than the total quantity of milk.

The variations of the quantities of the remaining constituents

of the milk must be between that of the amount of milk, and that

of the amount of fat, since, as will be seen below, the amounts of

these substances produced are more dependent on the amount of

milk than is the amount of fat. Their concentrations are more

constant.

As regards the concentrations of the components of the milk,

the substances present in milk may be divided into two classes:

those wiiich exist in suspension, and those which are in true solu-
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tion. The variability of the former class of substances is much

g-reater than that of the latter. The greatest variation is shown

by the values for the percentage of fat. Within 10% of the

median, 38% of the results lie. The amount of fat produced,

Lliercfore, is less influenced by the amount of milk secreted than

are the amounts of the other constituents.

The percentage of protein is somewhat less variable than that

of the fat, although its extreme range is the same. In this ease,

42% of the results lie within 10% of the median value.

The percentage of ash is considerably less variable, as 61% of

the results lie within the range specified.

The percentages of total solids, and of solids not fat are again

considerably less variable. In the case of the former values, 79%
of the results are within 10% of the median, and in the case of

the latter values, 82% of the results are within this range.

The constituent of milk, the percentage of which is least vari-

able, is lactose. Within 10% of the median, 84% of the values

for the concentration of this substance lie.

Among the physical properties estimated, the most variable is

the electrical conductivity; 70% of the values of this property lie

within 10% of the median. This variability is rather less than

that of the ash, but considerably greater than that of the percent-

age of lactose.

The values of the other physical properties determined are

much less variable than that of the electrical conductivity. The

whole of the results for the values of the density and of the depres-

sion of the freezing-point lie within 10% of the median values.

The wdiole of the results for the depression of the freezing point

lie within 5% of the median, in fact. The molecular concentration

of the dissolved substances is, therefore, the most constant pro-

perty of milk.

It should be noted that the variability of the density has been

calculated not on the actual values obtained, but on the differences

between these values and the density of water, for the reasons

stated above.

The distributions of the above series of values is shown more
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clearly in the accompanying diagram (Text-fig. 1). The curves

are the probability or frequency curves. They show the

relative closeness of grouping of the results about their most

probable values. The abscissae represent the values of the

different quantities measured. To facilitate comparison, the

values are expressed as percentages of the most probable values,

or of the values corresponding to the maximal ordinates. Each

ordinate represents the percentages of the total number of results

within a certain range of values on either side of it. The range

chosen is 5% of the most probable value.

50
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The values correspondino- to the maximal ordinates of these

curves are the most probable values or modes, of the quantities

whose variations are represented. The figures for the modes of

the different quantities are given in Table vi. (p.851).

The frequency curves of the values of the depression of the

freezing point, and of the density, are not shown in* the diagram,

as their ordinates are too high, in proportion to the ran^e of their

abscissae, to allow them to be conveniently represented on the

same scale as the other curves : all the results occur within a very

small range of the most probable values.

The curves for the distribution of the other values fall obvi-

ously into three groups.

In the first group are the curves for the values of the per-

centages of lactose, solids not fat, total solids, and ash, and the

value of the conductivity. The percentages of these values,

within 5% of the most probable values, range from 53%, in the

case of the concentration of lactose, to 41%, in the case of the

concentration of ash.

In the second group are the curves for the values of the per-

centages of protein, and of fat. The percentages of results

within 5% of the modes are 19% and 20% respectively.

The values of the weight of milk, and of the weight of fat,

form the third group. Between these two curves, lie those for

the distribution of the weights of the other constituents, as was

explained above. These two curves show that, in the case of

the weights of substances obtained at a milking, only 8*5 to 10%
of the results lie within a range of 5% of the mode.

The concentrations of the substances in the first group are

thus at least twice as constant as those of the substances in the

second group.

The concentrations, however, even of substances in the second

group, are at least twice as constant as the total weights pro-

duced, the curves for which are in the third group.

The values of the percentages of fat, and of solids not fat, are

of great importance, as certain values of these quantities are

chosen as standards of the quality of milk. The distribution of
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these values will, therefore, be considered separately in greater

detail.

In the following diagram (Text-fig. 2), the ogive of the per-

centages of fat in the present samples of milk is given. The

corresponding derived or frequency curve is shown by a discon-

tinuous line. The percentages of fat are plotted as abscissae.

The ordinates represent the numbers of results, out of a total of

109, which occur at, or below, given values of the percentage.

The circles correspond to the actual numbers of results. The

ordinates refer only to the ogive, and not to the frequency
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Tt will be seen from the above diagram that only a small pro-

portion of the samples examined contained percentages of fat

below the legal standard of the State in which they were obtained.

The frequency curve shows that the most probable percentage

of fat in these samples of milk is 4-65. It must be borne in

mind, however, that the samples are of the afternoon-milk, which

is richer in fat than the milk obtained in the morning.

In the next diagram (Text-fig. 3), the ogive and the frequency

curve of the percentages of solids not fat are given. As before,

the abscissae represent the percentage-values of the quantity

measured, and the ordinates, the numbers of results at and below

these values. The ordinates again refer only to the ogive. The

heavy line at 8 '5% indicates the position of the standard per-

centage of solids not fat.

XJ'J

100
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standard. The frequency curve also shows that, in the present

results, the most probable value of the percentage of solids not

fat is 8-65. This value is very close to the standard, which,

therefore, allows a very small margin of variation. Over 90% of

these results, on the other hand, lie above a percentage of solids

not fat of 7*9.

In the preceding discussion, three forms of mean value have

been used, the arithmetic mean, the median, and the mode or

most probable value. In series of results which are symmetri-

cally arranged about their central values, these three means are

identical. Actual series of results are rarely quite symmetrical,

however, and in such cases the three means may differ. In the

accompanying Table, the three forms of mean values of the results

of the present series are placed together for comparison.

Table vi.

Aiithmetic means, medians, and modes or most prol)al)le values, of the

composition and properties of cows' milk.
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are also less than the mean values, the former to the extent of

about 7%, the latter to the extent of about 6%. The mode of

the percentage of total solids is also less than the mean value, as

a consequence of the behaviour of the values of the percentage

of fat. The three forms of mean of the percentage of solids not

fat, however, are practically identical.

Relations between Constituents and Properties.

Although no general relations, between the percentages of the

various constituents of the milk and the values of the various pro-

perties, are at once apparent from an examination of the figures

for the individual samples, such relations do exist. So definite is

the relation between the density, the percentage of fat, and the

percentage of solids not fat, or total solids, for example, that

Fleischmann (1885), and Helmer and Droop Richmond (1888)

have devised formulae by which the value of one of these three

quantities may be calculated from the values of the other two.

From the figures for the mean values of the composition and

properties of the milk collected on the same days, however, it

may be seen more readily whether any relations exist between

the different quantities. To display graphically any such rela-

tion, the mean values of the quantities for the several days have

been plotted as ordinates in the following diagram (Text-fig. 4).

The different ordinates on which the values are measured are

spaced equally along the abscissa, and represent the different

days on which the samples were collected. The points represent-

ing the different mean values of the same quantity have been

joined by straight lines. It is to be borne in mind, that the

lines obtained in this way are not graphs in the ordinary sense

of the word. They do not represent the values of the ordinates

corresponding to given values of the abscissae. The points on

the abscissa have no "values," they simply represent different

groups of samples; and the ordinates for the different values of

each quantity have been joined by lines merely to connect them

together, and to facilitate their comparison with the correspond-

ing points for the values of other quantities.
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The values for the electrical conductivity have been measured

downwards in the above diagram to render them more easily

comparable with the values of the other quantities, which have

been measured upwards in the ordinary way.

Samcles 12-22

5.0

5.0

1.030

1.028
35. ^6 59-70 -

Text-tig. 4.

Diagram showing relation between various properties and constituents of

cows' milk. Ordinates : values of quantities measured. Points on

abscissa represent corresponding values of different quantities.

The diagram show^s, at once, that there is a distinct, inverse

relation between the mean percentage of lactose, and the mean

conductivity. Jackson and Rothera (1914) showed that a similar
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definite relation between these quantities exists in the samples of

milk obtained from the different quarters of a cow's udder at one

milking. Their measurements of conductivity were made, how-

ever, upon milk from which the fat had been removed. These

relations are also shown by the diagrams representing the effect

of the number of calves or age of the cow, and the stage of

lactation or age of the calf, on the mean composition and pro-

perties of the milk (Text-figs. 5 and 6).

Text-fig. 4 also indicates the existence of a direct relation

between the weights of milk obtained at a milking, and the

corresponding weights of fat. The mean weights of fat fluctuate

in the same direction as the mean weights of milk, and do not

show any tendency to remain constant and independent of the

amounts of milk. The present results are for single milkings,

however, and not for the daily outputs of the cows. The above

Figure shows also that there is a relation between the percentages

of lactose and the conductivity, and the weights of milk and of

fat. Cows producing larger quantities of milk thus show no

tendency to yield a secretion poorer in fat or in lactose than

those producing less milk under the same circumstances.

Between the remaining mean values of the composition and

properties of the milk no distinct relations are shown by the

above diagram. The dependence of the density on the percent-

ages of fat and of ash, which is to be observed in certain in-

dividual samples, is not seen when the mean values are con-

sidered. There is also no evidence that a higher percentage of

fat is generally associated with a higher percentage of protein,

as was thought to be the case by Hart (1906), and by Eckels

and Shaw (1913).

These results do not show the direct relation between the per-

centage of ash and the conductivity, which was observed by F.

Petersen (1904).

Effect* of Breed.

In the following Table are given the mean composition and

properties of the milks of cows of different predominant strains

of breed. The numbers of cows of each strain vary from 51 to
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12. The calculated mean values are, therefore, not so strictly

comparable as if the numbers of the cows of each strain were

approximately equal.

Table vii.

Predominant strain.
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Among the physical properties, the greatest variation is shown

by the electrical conductivity, which ranges from 4*75 x 10~-

reciprocal ohms in the case of the Jersey strain, to 4*55 x 10~-

in the case of the Crossbreed strain. The variation of the mean

freezing point is within the limits of error of the determination.

The density varies from 1"0301 in the milk of Jersey and Short-

horn strains, to 1'0293 in that of Crossbred cows.

The average numbers of calves of the cows of the different

strains range from 5 to 3. The average ages of the calves range

from 3*9 to 4*8 months. The data for the effect of the number

of calves or age of the cows, and of the period of lactation or age

of the calves, show that these variations are not large enough to

affect appreciably the present comparison of the mean values of

the composition and properties of the milk of cows of different

predominant strains.

Efefct of number of calves or age of cow.

Tn the following Table are given the mean values of the com-

position and properties of the milk of cows which have had

different numbers of calves, that is, of cows of different ages.

The number of cows at each age varies from 7 to 28. In this

case the means compared are those of rather widely varying

numbers of results, and are not so strictly comparable as they

would be, if the numbers of the cows at the different ages were

approximately equal. The numbers of calves of the cows ex-

amined range from 1 to 9; the ages of the animals, therefore,

range from 2 to 10 years.
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Table viii.

Effect of number of calves or age of cow on mean composition and

properties of its milk.

Number of calves.
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The mean number of cows at each month of lactation up to and

indudmg the seventh, is 12, and the maximum deviation from this

mean is 2. After the seventh month, the number of cows in milk

shows a sudden falling off.

The average number of calves to which the cows at each month

of lactation had given birth is given in the third column, to the

nearest whole number. This number, for the hrst seven months,

varies between 4 and 5. The average values of the composition

and properties are thus quite comparable for these months, both

as regards the numbers of samples examined at each month, and

as regards the mean age or number of calves of the cows. After

the seventh month, the variation of the number of calves is from

3 to 5, and as the numbers of results examined at each month ai'e

only half those examined in the earlier period, the mean values of

the composition and properties of the milk secreted during the

eighth and later months are, perhaps, not so strictly comparable

with those of the milk secreted during the earlier periods of lac-

tation. Of the total number of samples examined, 86 were of the

milk obtained during the fu'st seven months of lactation, 16 were

of the milk of the eighth to eleventh months, and 2 were of the

milk of later periods.

In the accompanying diagram (Text-fig. 6) the values of the

properties and composition given in Table ix., have been plotted

as ordinates, while the corresponding periods of lactation have

been plotted as abscissae. Smooth curves have been drawn through

the points obtained in this way.

The scales of the ordinates are not the same for each curve. In

the case of the curves for percentages of total solids, fat, solids

not fat, protein, and sugar, the distance between adjacent hori-

zontal lines represents a variation of 2%. In the case of curve

for the percentages of ash, this distance represents a variation of

0-2%. For the other curves, this distance corresponds to the fol-

lowing variations: density, 0*02; freezing-point, 0-02°C.; con-

ductivity, 2-0xl0~- reciprocal ohms; weight of milk, 5*0 kg.,

weight of fat, 200 gm. The scales of the ordinates are the same

as in Text-figure 5.
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The curves show that the percentage of fat in cows' milk tends

to rise slowly during- the whole period of lactation.

Text-tig. t).

Effect of age of calf or stage of lactation on composition and properties of

cows' milk. Ordinates : values of composition and properties. Ab-

scissae : ages of calves (months).

The percentage of protein falls slightly during the first three

months, and then rises till the end of lactation, when its value is

nearly 30% higher than it was in the first month.

The percentage of ash falls slightly during tlie first five months,
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and during- the remainder of the period rises again, finally reach-

ing its initial value.

Tlie percentage of lactose falls steadily during the whole period

of lactation, the final value being about 10% lower than the initial

value.

The variation of the percentage of total solids is dependent on

that of the separate constituents. This value, like that of the per-

centage of protein and of ash, falls at first, and then rises again.

The value of the conductivity increases steadily during the

whole period of lactation ; the final value being about 10%
higher than the initial.

The values of the density and of the freezing'-point remain con-

stant through the whole course of lactation.

The weight of milk obtained at a milking falls steadily and

rapidly as lactation proceeds, the yield towards the end being less

than half of what it was at the beginning.

The weight of fat obtained at a milking also tends to fall

steadily during the whole period of lactation, and to about the

same extent as the weight of milk, in spite of the fact that the per-

centage of fat tends to increase.

As was stated above, the weights of the remaining constituent?

are more dependent on the total amount of the milk than is the

weight of fat. The weights of these constituents will, therefore,

fall steadily during lactation with the weight of the milk.

In conclusion, I wish to express my indebtedness to Professor

Sir Thomas Anderson Stuart, in whose laboratory this work was-

done; and to Dr. E. Sinclair, Inspector General of the Insane, by

whose courtesy the samples of milk discussed in this paper were

obtained. I also wish to thank Dr. H. G. Chapman for his helpful

criticism during the progress of the work.

Summary.

The variations of the composition and properties of samples

of afternoon-milk from 109 normal cows are discussed.

The following were the most probable values of the quantities

measured: depression of freezing-point, 0*562°C.; density, 1-0297;
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electrical conductivity, 4'5 x lO""' reciprocal ohms; total solids,

13-24%; fat, 4-65%; solids not fat, 8-65%; lactose, 5-0%; ash,

0*72%; protein and extractives, 2*9%.

The depression of tlie freezina-point, and the density were the

least variahle quantities measured.

The concentrations of the constituents were much less variahle

than the total quantities obtained at a milking.

The concentrations of the soluble constituents were much less

variable than those of the constituents in suspension. The concen-

tration of lactose was tlie least variable, that of fat the most

variable.

About 3% of the samples contained a percentage of fat belo\v

3*2; about 40% of the samples contained a percentage of solids

not fat below 8*5.

The mean percentages of fat and of ash were greater in the

milk of older cows ; the mean percentage of protein was less. The

percentages of the other constituents, and the properties, were not

affected by the age of the cow.

The mean yields of milk became lower in the later stages of lac-

tation ; the mean percentages of lactose was also slightly lower

in the milk of the later stages of lactation, but the electrical con-

ductivity, and tlie percentages of fat and of protein became higher

as the stage of lactation became later.
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THE COMPOSITION OF EXPIRED ALVEOLAR AIR.

By Ethel C. Pinkerton, B.Sc. (Syd.), Science Research

Scholar in the University of Sydney.

(From the Physioloyical Laboratory of the University of Sydney.)

In a previous communication (1) dealing with the percentage

of carbon dioxide in expired alveolar air, it has been shown that

the amount of carbon dioxide in the last 625 c.c. of expired air

does not vary beyond the error of the analytical method, when the

expulsion has been performed within two seconds, for quantities

of air of two litres or over, and within one second for quantities

of one to two litres of expired air. The investigation of the com-

position of expired alveolar air has now been extended to the

estimation of oxygen as well as carbon dioxide, and more accu-

rate analytical methods have been employed for the determinations

of the amounts of the gases.

Methods.—The samples of air have been obtained in tlie same

way as in the previous research (i) b}^ collecting them through

small capillary pipes set in a long brass tube, into which the sub-

ject of the experiment breathed. The tube is the same as used

previously, and the capillary tubes have been fixed 250, 500, 1750

and 2000 mm. from the mouthpiece. The analyses of the gases of

the samples have been performed in a large Haldane apparatus,

the carbon dioxide being absorbed by potash, and the oxygen by

alkaline pyrogallic acid. The carbon dioxide can be estimated to

001 c.c. in a measurement of 1 c.c, giving an analytical error of

1 in 100. The percentages of carbon dioxide in the samples are

calculated, therefore, to the second decimal place. The error in

the determinations of oxygen has been ascertained in a series of



BY ETHEL C. PlNKERTON. 867

estimations of the amount of oxygen in the air of the room. The

results of these analyses are given in Table i.

Table i.

Date.
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Table ii.
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A more extensive series of figures lias been oljtained in the first

set of experiments, in which glass-wool was placed in the brass

tube. The results, arranged according to the depth of the expira-

tion, which varied from IJOO c.c. to 1025 c.c, are recorded in Table

iii.

Table iii.
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greatest ditt'ereiiee observed in this investigation. Tiie total volume

expired in exi3erinient 2 is 1000 c.c, so that the composition of the

last 600 c.c. does not vary by more than 0-36% oxygen, and 0*22%

carbon dioxide. In experiment 9, which is typical of many, the

oxygen has decreased 0'22%, and the carbon dioxide diminished

0-16%.

From these two series of experiments, it appears that the carbon

dioxide increases slowly in the expired air during a rapid expira-

tion. The rate of increase varies, but, in tlie last 000 c.c. expelled

from the lungs, the increase is not more than 0*22% carbon

dioxide, while it is not more than half this figure in 17 out of o2

experiments.

Discussiun of lietmlta.—Two methods have been used recently

to examine the comp^ition of successive portions of the air

expired. Haldane^S) has measured the percentage of carbon

dioxide in the linal portion of the air breatlied out during a series

of expirations of increasing depth. He has concluded, from his

results, that the deeper part of an expiration contahis no more

carbon dioxide than the middle part. Krogh and Lindhard(4)

have examined successive portions of tlie air breathed out during

work, the samples being collected at intervals of some hundredths

of a second. They have found that each successive portion of the

expired air contains more carbon dioxide than that wljicli precedes

it, and less than that which follows it. They have been unable to

apply this method to the examination of the breath expired when

the body is at rest, but they have employed a modification, whence

they conclude that the percentage of carbon dioxide rises slowly

at the end of a normal respiration, the curve of the concentration

of carbon dioxide in the breath showing a marked tendency to

become asymptotic.

The method used in this paper makes it possible to examine the

composition of a part of the air of the same breath to a certain

degree of accuracy. When the analysis is made sufficiently deli-

cate, it is possible to detect a change in the composition of the

final 600 c.c. expelled from the air-passages. The concentration
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of carbon dioxide increases by a variable amount in different

experiments, but never more than 0-22%, while tlie increase can

liardly be detected in some experiments. The percentage of

oxygen diminishes by not more than 0'36%.

In considering which of these methods yiehls tlie most correct

information as to the composition of the expired air, it may l)e

noted that Haldane's experiments have been made on different

respirations. His method of estimating carbon dioxide has been

sufficiently accurate to detect the change of composition, but the

fact that he obtained his samples at various depths of respiration

from different breaths has not permitted him to recognise small

differences in concentration. Krogh observed the change of con-

centration during work by analysis of successive samples collected

at consecutive intervals of time, but, for conditions of rest, his

curve was mainly the result of interpolation. In the method

employed in this investigation, the analyses are made on successive

portions of the same respiration. When the gaseous analysis has

only been capable of recognising the change of concentration of

0*2% in the amount of carbon dioxide, the composition of the

final 600 cc. expired has appeared uniform; but, with greater

delicacy, a change in concentration of not more than 0-22% of

carbon dioxide, and 0*36% oxygen has been observed.

Tliese results are in accord with the results of Krogh and Lind-

hard. They support Lindhard's contention (4), that the final

portion of the expired air has not the same composition as the air

in the alveoli of of the lungs, since the portion of the alveolar air

in the trachea and bronchioles will contain more carbon dioxide,

than the air expelled from the mouth, as it leaves the alveoli later.

Conclusions.

(1) Estimations of the percentage of oxygen and carbon

dioxide in the successive portions of air rapidly expelled from the

lungs, show that the concentration of carbon dioxide diminishes

by not more than 0'22% in the final 600 cc, respired, and that

the concentration of oxygen augments by not more than 0*36^

in the same portion of the breath.



872 COMPOSITION OF EXPIRED ALVEOLAR AIR.

(2) The ehang'e in concentration is independent of the depth of

respiration, bnt depends on the speed with which the air is

expired. The more slowly the air is breathed ont, the o-reater the

chang-e in concentration of the gases of the final portion.

(;]) Tliese results lead to the inference, that the alveolar air in

tlie pulmonary atria at the end of an expiration contains a lower

concentration of oxyg-en and a higher concentration of carbou

dioxide, than the air last expelled from the month in the rapid

expiration.

I beg to express my indebtedness to Professor Sir Thomas

Anderson Stuart, in whose De]iartment this researcli has l)een con-

ducted, and to thank Dr. H. G. Chapman for his encouragement

and assistance in this work.
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Addendum.—Seven sets of analyses with Haldane's apparatus

were made on the contents of the brass tube after washing it out

with gaseous mixtures containing known amounts of carbon

dioxide. The results demonstrated the completeness of the

replacement.
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Journal of the Board of Agriculture, xxiii., 7-12; xxiv., 1,

3-6(1916-17).

Special Leaflet, No.7(1917).

British Museum (Natural History)—
Catalogues : («) Freshwater Fishes of Africa (G. A. Boulen-

ger), iv.(1916); {b) Mesozoic Plants : Cretaceous Flora,

(Dr. M. C. Stopes), Part ii.(1915); (c-) Ungulate Mammals

(R. Lydekker), v.(1916)— Guides: Economic Series, No.

2
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(1915)— Special Guide No. 7. Specimens and Models of

Insects and Ticks, tkc.(1916).

Geological Society—
List, September, 1917(1917).

Quarterly Journal. Ixxi., 4; Ixxii., 1(1917).

LiNNEAN Society—
Journal. Botany, xliii., 292-291:, T,p.»S:c.(1916-17). Zoology,

xxxiii, 223(1916).

List of the Society, 1916-17(1916).

Proceedings, 128th Session, 1915-16(1916).

Royal Botanic Gardens, KeW'—
Bulletin of Miscellaneous Information, 1916(1917;.

Royal Microscopical Society—
Journal. 1916,5-6; 1917,1-1(1916-17).

Royal Society—
Philosophical Transactions. Series B. ccviii., Nos.B351-354

(1916-17).

Proceedings. Series B. Ixxxix., Nos. B 617-622, T.p.&c.

(1916-17).

Zoological Society—
Abstract of Proceedings. Nos.U7, 160-169, 171(1916-17).

Madison, Wis.

Wisconsin AcadExMY of Sciences, ttc.

—

Transactions, xviii., 1-2, T.p ttc. (1915-16).

Madrid.

Real Sociedad Espanola de Historia Natural—
Boletin, xvi., 7-10; xvii., 1-3, 5,7(1916-17).

Memoirs, viii., 9, T.p.tfcc; x., 6-8(1916-17).

Manchester.

Manchester Literary and Philosophical Society—

Memoirs and Proceedings. Ix., 3, T.p.Ac: Ixi., 1(1917).

University of Manchester : Manchester Museum—
Publications of the Manchester Museum. No.79(1916;.
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Manila, P.I.

Bureau of Forestry : Dept. of the Interior—
Annual Report of the Director for the year 1916(1917).

Bureau of Science of the Government of the Philippine

Island Si—
Philippine Journal of Science. Section A, xi., 4-6; xii., 1—

Sec. B, xi., 4-6; xii., 1-4— Sec. C, xi., 6; xii., 1-2— Sec. D,

xi., 5-6; xii., 1-3(1916-17).

Massachusetts.

Tufts College—
Tufts College Studies (Scientific Series), iv., 3-4(1916).

Melbourne.

Australasian Journal of Pharmacy— Vols xx-xi., 372; xxxii.,

373-383(1916-17). From the Publisher.

Commonwealth of Australia : Department of Trade and

Customs—
Pamphlet: "Investigations into the Causes of W'orm-

Nodules in Cattle." By C. G. Dickinson and G. F. Hill

(8vo., 1917).

Commonwealth Bureau of Census and Statistics—
Census of the Commonwealth, 1911. Vol. i., and Appendix

A, Vol. i.(1917).

Department of Agriculture of Victoria—
Journal, xiv., 12; xv., 1-11(1916-17).

Pamphlet :
" Agricultural Education " [reprint of a series

of four Articles, which appeared in the "Herald,"' May
23rd-26th, 1917, by C. G. lioss].

Field Naturalists' Club of Victoria—
"Victorian Naturalist." xxxiii., 8-12; xxxiv., 1-7(1916-17).

Public Library, Museums, &c., of Victoria—
Report of the Trustees for 19 I 6(1917).

Royal Australasian Ornithologists' Union—
"The Emu," xvi., 2-4; xvii., 1-2(1916-17).
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Royal Geographical Society of Australasia: Victorian

Branch.

Victorian Geographical Journal. xxxiii.( 1 9 1 7 ).

Royal Society of Victoria—
Proceedings. New Series, xxix., 1-2; xxx., 1(1916-17).

University of Melbourne—
Calendar. 1917(1916).

Mexico

Instituto Geologico de Mexico—
Anales. No. i. (1917).

Boletin. Niim. 34(1916).

Modena.

La Nuova Notarisia—From the Editor , Dr. G.B.De Toni

Serie xxiv., Gennaio, 1913; xxv., Aprile, 1914(1913-14).

Montreal.

Natural History Society of Montreal—
Canadian Record of Science, ix., 8, T.p.&c. (1916).

Royal Society of Canada—
Proceedings and Transactions. 'J'hird Series, x.. Parts 2-4

of Sections i.-iv.(1916-17).

Ne'w Haven, Conn.

Connecticut Academy of Arts and Sciences—
Transactions, xxi., pp. 1-144(191 6).

Ne"w York.

American Geographical Society—
(jeograplncal Review, ii ,

2-6; iii., 1-6: iv., 1-4(1916-17). *

American Museum of Natural History—
Bulletin. xxxv.(1916).

{a) Bibliography of Fishes, by B. Dean, enlarged and edited

by C. R. Eastman. Vol. i.( 1 91 6). - (6) Bibliography of the

Published Writings of H. F. Osborn, 1877-1915, and

Supplement for 1916. Second Edition (1 916-17). — (c)
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Check-list of Mammals of the N. A. Continent, the West
Indies and the neighbouring Seas. Supplement b}^ D. G.

Elliott(1917).

New York Academy of Sciences—
Annals, xxv., pp.1-308; xxvii., pp.31-38, 39-191, 193-203,

205-214(1916-17).

Ottavra.

Geological Survey of Canada—
Map No.57A, Frank Alberta (showing the Landslide of

1903)[1917].

Memoirs. Nos 51, 73, 84, 85, 87, 89, 92, 93, 97, 98, Supple-

ment to No.31(1914-17).

Museum Bulletin, Nos.23-25(1916-17).

Summary Report for 1916(1917).

Oxford.

Radcliffe Library, Oxford University Museum—
Catalogue of the Books added during 1916(1917).

Palo Alto.

Leland Stanford Junior University—
Publications (University Series). No.22(1916),

Paris.

"Journal de Conchyliologie." Ixii., 4; Ixiii., 1(1917).

Societe Entomologique de France—
Annales. Ixxxv., 3-4(1917).

Bulletin, 1916, 15-21, T.p.ctc; 1917, 1-6, 9-14(1916-17).

Pavia

Istituto Botanico dell' R. Univeksita di Pavia—
Atti. ii. Serie. Vol. vii.( 1902).

Perth, W.A.

Geological Survey of West Australia-—
Annual Progress Report for the Year 1916(1917).

Bulletin, Nos. 66, 67, 68 (Text and Atlas), 69 (Text and

Atlas), 72(1916-17).
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Government Statistician, West Australia—
Monthly Statistical Abstract. 1916, 197-199; 1917, 200-207*

(1916-17).

Royal Society of Wrst Australia—
Journal and Proceedings, i , 1914-15(1916).

Petrograd.

SociETAS Entomologica Rossica—
HorH3 Entomological, xli., 7, T.p.Ll-c; xlii., 2(1916).

Revue Russe d'Entomologie. xv., T.p.ctc ; xvi,, 1-4(1916-17).

Philadelphia.

Academy of Natural Sciences—
Proceedings. Ixviii., 3(19 1 7).

American Philosophical Society—
Proceedings. Iv , 6-8, T.p.itc.( 1916).

Zoological Society of Philadelphia—
l<'orty-fiftli Annual Report of the iioard of Directors, April,

1917(1917).

Pietermaritzburg.

Natal Museum—
Annals. Vol. ii.. Index No.; iii., 3(1916-17).

Portici.

Laboratorio di Zoologia generale e Agraria della R,

ScuoLA Sup. d'Agricol.—

BoUettino, viii.(1914).

Port Moresby, NG.
Government Geologist of Papua—

Bulletin of the Territory of Papua, No.3(1915).— Report on

the Geology of Woodlark Island. By E. R. Stanley,

Government Geologist (n.d.).

Pusa, India.

Agricultural Research Institute—
Memoirs of the Department of Agriculture in India. Bo-

tanical Se7'ies. T.p.&c. of Vol. vii.; viii., 2, 4-6, T.p.&c;
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ix, 1 and 3{19\6-17).- Entomological Series, v., 2-3(1917).

— Bulletin, No.64 ( 1 916).— Keport of the Agricultural

Research Institute and College, Pusa, 1915 16(1916).—

Report on the Progress of Agriculture in India for 1915-

16(1917). ^

Richmond, N.S.W,

Hawkesbury Agricultural College—
H. A. C. Journal, xiii., 12; xiv., 1-11(1916-17).

Rio de Janeiro.

MusEU Nacional do Rio dv: Janeiro—
Archivos. xvii.(1915).

San Francisco.

California Academy of Natural Sciences—
Proceedings. Fourth Series v., 7-8; vi., 1-7(1916).

Santiago de Chile.

SOCIETE SCIENTIFIQUE DU ChILI -

Actes. xxii., 1912(1913).

Sao Paulo.

MusEu Paulista—
Revista, ix.(1914).

Sendai, Japan.

ToHOKU Imperial University—
Science Reports. Second Series (Geology), iv., 2(1917).

Stockholm.

Entomologiska Foreningen I Stockholm—
Entomologisk Tidskrift. xxxvii., 1-4(1916).

KONGL. SVENSKA VeTENSKAPS-AkADEMIE

Arkiv f. Botanik xiv., 3(191 6)—A>mi. &c., vi., 2-3(1916) -

Mathrmatik, etc., xi., 1 -3( J 91 6)— Zoo%i. x., 1-3(1916).

Arsbok, 1916(1916).

Handlingar. Iv., 1-6, T.p.ctc.(191 5-16)

Lefnadsteckningar. v., 1(1915).

Meddelanden fran K. Vetenskapsakademiens Nobelinstitut.

iii., 3(1916).
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Sydney.
Australian Museum—
Annual Report, 1915-16(1916).

Records, xi , 6-12, T.p.&c.(l 916-17),

Botanic Gardens and Domains, Sydney—
Annual Report for 1915(1916).

Census of New South Wales Plants. Supplement i.: Fresh-

water Alga?(1917). By G. I. Playfair.

Critical Revision of the G^nus Eucalyptus, iii , 8-10; iv., 1-2

(1916-17). By J. H. Maiden, Government Botanist, <kc.

Bureau of Statistics—
Othcial Year Book of New South Wales, 1915, 14-19, T.p.

&c.; 1916, 1, 3-11, 14-16(1916-17).

Statesman's Year Book of New South Wales, 1917(1917).

Chief Secrktary's Department : Fishekies—
Report on the Fisheries of New South Wales for the Year

1916(1917).

Department of Agriculture, N.S.W.—
Agricultural Gazette of New South Wales, xxvii., 12, T.p.

&c.; xxviii., 1-11(1915-16).

Department of Agriculture: Forest Branch, N.S.W.

—

Annual Report, 1915-16(1916).

Forest Flora of New South Wales By J. H. Maiden,

Government Botanist, etc. vi., 10, T.p.tfec; vii., 1(1916-17).

The "Austral-Briton" for August 31st, 1917 [containing an

article on "The Great Australian Bush" (by the authority

of the N. S. Wales Forestry Commission).

Department of Mines —

Annual Report of the Departmentof Mines for 1916(1917).

Mineral Resources. Nos.24, 26(1 916-1 7).

Records, ix., 3(1916).

Department of Public Hkalth—
Report of the Director (general for the years 1914, 1915

(1916).

Education Department—
Education Gazette of New South Wales, x., 12; xi., 1-11, and

two Supplements( 1916-17).
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Report of the Executive Committee of the Advisory Council

of Science aud Industry, Commonwealth of Australia,

Uth April-30th June, 1917 (July, 1917).

Education Department : Teachers' College—
Records of the Education Society. Nos.-27, 30(1916-17).

Teacher's College Calendar, 1 9 1 7(1 9 17).

Education Department: Technical Education Branch —
Annual Report, 1915(1916)

Technical Gazette of New South Wales, vii., 1(1917).

Technical Education Series, Nos.l8, 21, 22(1913-16).

New South Wales Naturalists' Society—
"Australian Naturalist." iii., 13-14(1917).

Public Library of New South Wales—
Special Donation : — (^aj American Anthropologist, N.S.,

Vols, i., ii., 2-4, iii.(1899 1901 ). (h) Annual Report for

1899, 1900, 1902, 1903; and Transactions, Nos.55, 57, 59-

68(1900-05), of the Historical and Scientific Society of

Manitoba, (c) Bulletin of the Philosophical Society of

Washington, xiv.-xv.(incomplete)[1907-10]. (d) Bulletin,

i., 1-3; ii., 1-4; iii., 1-4(1897-1902): and Transactions, i., 1-3;

ii , 1-2(1904-07), of the Free Museum of Science and Art

of the University of Penns37lvania (Dept. of Archaeology).

(e) Journal of the Anthropological Society of Bombay,

Vols. vi.-viii.( 1901 -08) [incomplete]. (7) Journal of the

Polynesian Society (New Plymouth, N.Z.), Vols, i.-xvi.,

xvii.(1892-1913), and Vols, xvii.-xxiii. (incomplete) [1908-

14]. (g)3ouYnsi\ of the Straits Branch of the Royal Asiatic

Society, Nos. 30-32, 35-45, 47, 48(1897-1907). (h) Korres-

pondenz-Blatt der Deutschen Gesellschaft fiir Anthro-

pologie. Ethnologic, und Urgeschichte (Miinchen), xxix.-

XXXV., xxxvii., xxxix. (incomplete) [1898-1908]. (i)MsLn\

A Monthly Record of Anthropological Science (London),

i.-xv.(incomplete) [1901-15]. (j) Rijks Ethnographisch

Museum te Leiden: Verslag van den Directeur, 1898-1915

(incomplete) [1899-191 6]. (k) Smithsonian Contributions

to Knowledge, Nos.208, 220, 259, 267, 331, 383, 489(1869-
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83).—Smithsonian Miscellaneous Collections, Nos. 216,

544, 630, 969(1867-94). ^/; Zeitschrift fiir Ethnologic

(Berlin), xxviii.-xxxix. (incomplete) [1896-1907].

Royal Society of New South Wales—
Journal and Proceedings. 1., 1-3, T. p. Arc. (1 917;.

Royal Zoological Society—
"Australian Zoologist." i., 2-3(1915-16).

"Scientific Australian," xxii., 2-4; xxiii., 1(1917). From the

Publishers (Bishop Bros.).

University of Sydney—
Calendar, 1917(1917).

Reprints of Papers from the Science Laboratories, 1909-16,

B., Vols.i.-ii., 1909-16(1916).

Taihoku.
Bureau OF Productive Industries, Government of Formosa.

Japan—
Icones Plantarum Furmosanarum. Vol. vi.(1916).

Tokyo.

College of Science, Imperial University of Tokyo—
Calendar, 1915-16(1917).

Journal, xxxvii., 6-8; xxxviii., 2-5; xxxix
, 1-5(1916-17).

Tokyo Zoological Society—
Annotationes Zoologicse Japonenses. ix., 3(1917).

Tring, Herts.

Zoological Museum—
Novitates Zoologicje. xxiii., 3,4; xxiv., 1-2(1916-17).

Trondhjem.
Kongelige Norske Videnskabers Selskab—

Aarsberetning for 1914 (1915).- Skrifter, 1914 (2 vols.;

1915).

Tunis.

Institut Pasteur de Tunis—
Archives. T. ix., 4(1916).
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Upsal.

Royal University of Upsal—
Bref Och Skrifvelser af och till Carl von Linne, &c. Afd.

ii., Del 1(1916).

Urbana, 111.

University of Illinois —

Illinois Biological Monographs, i., 1-4, T.p.ttc; ii., 1-3; iii.,

1(1914-16).

Washington, DC.
Bureau of American Ethnology—

Bulletin. No.55(1916).

Pamphlet :
" The most ancient Skeletal Remains of Man."

By Dr. A. Hrdlicka. Second Edition ( 191 6).- Twenty-

ninth, Thirtieth, and Thirty-first Annual Reports, 1 907-

08, 1908-09, 1909-10(1915-16).

Carnegie Institute of Washington^
Department of Experimental Evolution: Annual Report of

the Director, 1916 [Reprint from the Year Book, No. xv.]

(1916).

National Academy of Sciences—
Proceedings, ii., 11-12; iii., 1-10(1916-17).

Smithsonian Institution—
Annual Report of the Board of Regents, 1914-15(1916).

U.S. Department of Agriculture—
Bulletin. Nos. 344, 408, 416, 419, 421, 424, 427, 429, 431,

432,435-438,484, 489,513,539, 550, 553, 554, 566(1916

17).

—

Bu7'ean of Entomology : Technical Series, Contents,

T.p.^^c. of No.l9(1916).

Entomological Reprints (12) from the Journal of Agricul-

tural Research, vii., 4, 7, 8, 11(2); viii., 6, 7, 11; ix., 10;

X., 6; xi., 1-2(1916-17).

Pamphlet: "Suggestions for Owners of Wood-lots in New
England." By F. H. Mosher(1917)

Year Book, 1916(1917).
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U. S. Geological Survey—
Bulletin. Nos.610, 618-6200, 6-21M-P, 623 and Maps, 626-

630, 632-636, 638, 640A-E, 641A-E, 645, 649(1916).

Mineral Resources. 1914, i., 25, 26: 1915, i., 1-5, 7; ii., 1-14,

16-17, 19-20(1916).

Professional Papers. Nos.89, 91, 98A-K, M, N(1916).

Water-Supply and Irrigation Papers, ^os. 332, 360, 369^

374, 375G, 383, 384, 3S7, 395, 398, 399(1916).

U. S. National Museum—
Bulletin. Nos.93, 95, 96(1916-17).

Contributions from the U. S. National Herbarium. T. p. lire.

of Vol. xvii.; xviii., 7; xx., 1-2(1916-17).

Proceedings. 1.(1916).

Wellington, N.Z.

Department of Minks: Nkw Zraland Geological Survey—
Bulletin. N.S. No.l8(1917).

Eleventh Annual Report. N.S., 1916-17(1917).

Palseontological Bulletin. Nos. 4-5(1917).

Dominion Museum—
Annual Report for 1916-17(1917).

Bulletin. No.5(1916).

private donors (and authors, unless otherwise stated).

Bonaparte, Le Prince, Paris - " Notes Pteridologiques." Eases,

ii.-iv. (Paris, 1915-17).—Two Reprints: " Fougeres

d'Afrique," et "Fougeres de I'Herbier du Museum [Bull.

Mus, d'Hist. nat., Paris, 1917, Nos. 1 and 7].

Froggatt, W. W., F.L.S.—One Pamphlet [Farmers' Bulletin,

Dept. Agric. N. S. Wales, No.ll3(June, 1917)].

Smith, R. Greig, D.Sc, Sydney (donor)—Report of the Dove

Marine Laboratory, Cullercoats, Cumberland, 1 91 5-16(1 91 6)

—County of Northumberland Education Committee: County

Agricultural Experiment Station, Cockle Farm : Guide to

Experiments for 1917. Report by Prof. D. A. Gilchrist

(1917).

63
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TiLLYARD, R. J., M.A., B Sc, Sydney — Three Reprints: (a)

"Life-Histories, etc., of Australian .Eschiiince," ttc, and (h)

''A Study of the Rectal Breathing Apparatus in LarMv of

Anisopterid Dragonflies" [Journ. Linn Soc. London, Zo-

ology, xxxiii., July and Nov., 1916]; (c) " Mesozoic and

Tertiar}' Insects," itc. [Publication No. 253, Geol. Surv.

Queensland].— The Biology of Dragonflies [Cambridge Zo-

ological Series] (1917).

Veitch, R., B.Sc, F.E.S., Fiji — Agricultural Reports of the

Colonial Sugar-Refining Company, Ltd., Fiji. Nos. 1-2

(1916-17).

[Printed oft', March 27tl;, 1918.



(UJ17.)

(a) GENERAL INDEX
Acacia, on a new sitecies of, 441.

, seedlinj,'8, exiiibited. o03.

Address. Presidentiiil, .Marcli 2Stli.

I'JIT. 1.

J'Jschn'idopsis, fossil draj^onfly,
670.

Air. expired alveolar, composition
of. 8G()

;
percentage of COo in,

14G.

Alkaloids of Dulxj'iaiu L< ichliardtii,

1L17.

Announcements, 11, 25, 13G, 20.2,

249, 511, 603.

Antirrhinnm, fasciated, exhibited,

512.

Appeal for support of pendulum
work, 202.

Attunga district, geology of, 6U3.

Australia Tropical, Carabidcr,
from. 406

—

Jlctcromcra and i<li'j-

modera from. 701.

Australian Coleoptera. 545—Ina-
gontlies, 450—Lepidoptera, 303,

344—:\Iecoptera, 284, 302—Xe.i-

roptera, 203— Plants, pollina-

tion of, 12—Tabanidcc. iii., 513

—Trilobites, 480.

Bacteria in soil, action of micro-
organisms on numbers of. 162.

bacteriologist, summary of year's

work. 10.

I'.akcr. [I. T., sec Exhibits.
1
'.a lance Sheet, etc., 1916. 26.

lUnnboo in flower, exhibited. 246.

liaiihsia hit
i
folia, section of log

of. exhibited, 603.

Penson, W. N., Geology and Petro-

logy of tlie Great Serpentine
Belt of New South Wales, Pt.

vi.. General Account of the
Geology and J'hysiography of

the Western Slopes of New

England, 223, 250—Appendix,
693.

licjicriw wax, exhibited, 247.

"Pilly-goats" (Linaria), exhibited.

512.

Plakeley, W. P., On a new Species

of Acacia, 441.

lUowllies, parasitic wasp from
pupie of. exhibited, 302.

llrachiitnct()i)HH, first record of,

from (Queensland, 605.

Practeoles in Callistcinon, ex-

hibited. 512.

Breakwell. \l. A., remarks on dis-

tribution and eAolution of

Grasses, 303.

Jironteuhv, Australian, "ISO-

t'alli.st( moil, brac.teoles of, ex-

hit>ited, 512—flowering speci-

mens of, exhibited. 343, 440. 512.

Col lime neidcG, Australian, 480.

Campbell J. II.. Hon. Treasurer's
Financial Statement, and Bal-
ance Sheet. 25 '29—lie-elected

Hon. Treasurer, 136.

(\ufi.hid(e, endoskeleton of head,
etc., in, 339—Prom Troi)ical

Australia. 406.

Carbon dioxide in expired, alveo-
lar air, 146.

Carne, J. E., re-elected to the
Council. 25.

. AV. .M.. plants collected by.

exhibited, 512.

Carter H. J., On some new llctcro-

)ncra and a new Sti<jnio(J( ra
from Tropical Australia. 701.

Carvings. Aboriginal, notice of

.some. 512.

Cavities coxal, in Cawhidcc and
Ciclndelidcc, 339.

Cell-cultivation of Yeast, 220.



INDEX.

Ch(cto,wiMitiihc, descriptions of,

757.

Chapman. H. G., elected Presi-

dent, 25

—

^ev Exhibits.

Cheel, E., remarlis on Callistctnon,

440 ; on ^ilciie, 604—See Ex-
hibits.

, iS'otes on tlie "Common
Nightshade" {Solan iini nigrum
Linn.), and some closely related

Forms and Species that have
been confnsed with it, 583.

Cheiruridce, Australian, 480.

Chemistry of the Dnboisias. 118.

Ciclndel'uUi, endoskeleton of head
&c., in, 339.

Cleland, J. E., sec Exhibits.
Cobar, pendnlnm-investigations at,

202.

Coccid (Brachyscelid) galls, ex-
hibited, 302.

Coleoptera, descriptions of new,
545.

Composition of expired, alveolar
air, 866.

Coxie. anterior, and coxal cavities

in Camhidcc and Cicindelidcc,
339.

Cows' milk, variability of, 815.

Cradle Mt... Tasmania, insects
from, and lantern-slides of, ex-
liibited, 201.

Cretaceous dragonfly, 676.

Crocodile, median parasphenoid of,

604.

Cultivation of Yeast, single cell.

220.

David. T. W. E., re-elected to The
Council,

DigitaU.s, synanthic flowers of, ex-

hibited, 512.

Donations and Exchanges, 30, 136.

202, 249, 303, 343, 439, 511, 603.

Dragontlies, caudal gills of larvie

of Zygo])terid. 31, 606—From
Australia and Tasmania, 450

—

Fossil, from (Queensland, 676.

Dnboisias, alkaloids of the, 118,

137.

Dun, W. S.. re-elected to the
Council, 25—lie -elected a Vice-
1 'resident, 136.

Krhlnuriu, n.g., description of.

391.

Egypt, plants from, exhibited, 512

Elections, 25. 136, 202, 249.

lOndoskeleton of head in Carabi-

die and Cicindelidic. 339.

Epmr'iH lon(/if]ora, white-flowered,
exhibited, 512.

Ercmophila, lepidopterous galls

on, exhibited, 439.

Etheridge, 11.. and Mitchell, J.,

Silurian Trilobites of New South
Wales, with references to those
of other parts of Australia. Ft.

vi. (\d\jmenc\dce, (Jheirurid((\

Harpc'uhc, Bronteidce, &c., witb
an Ai)pendix. 480.

Euc(il!ii)tiiH (Fifth rocori/fi in flowe)-.

exhibited, 201.

J Exhibits :—
Faker, \l. T., secticm of trunk

of California lledwood sln»w-

ing annual rings ; Vegetable
wax from Beyeria, 246-247—
Section of log of Bastard
Honeysuckle {Banlcsia lati-

foJia), 603.

Chapman. H. C... peptone pie
pared from preteins of egg
white. 247—Extract of the
pancreas of the ox, and i^s

coagulative action on milk

;

synanthic flowers of Fuchsia.
512.

Cheel, E., abnormal inflores-

cences of Waratah. 440

—

1^'lowering Callistemon hy-
brids; examples of bracteoles.

in addition to bracts in Callis-

temon ; an introduced weed.
LinarUi I'< lUs.scriana, 512.

Cleland. J. B.. oyster-shells from
the bank of the Nanioi ]{ .

247; an introduced weed (Xi-

Icnc) from Thirroul, 604.

Fletcher. J. J., abnormal flow
ers of (IrcrUJca hu.rifoJiu, 247
—lieversiou-shoots and Aca-
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Exhibits: -

ci{i-see(lliiij;s. 303 — Tlirte

crimsoii-tlowered Callistemous,
343

—

VuUUtcmoti sp.. 440.

Froj^pitt, J. L.. pMi-asitic- wasp
from i»ni>fe of Blowtlies, 30:^.

. AV. AV., mos(initoes

from JJiveriiiJi ; destriutive

insects from wlieat-staclvs. 240

—IJraeliyscelid pills, :i02

—

(iraiii weevils from Sydney
and Melb(^)iirne, 343—Lepidop-
teroiis jjjalls on Ercinophilu,

4 39—Xew Wax-Scale from
Xew (ininea ; i»erforated no-

dule from an ants' nest, 511.

Hamilton. A. A., specimens of
an introduced Tetraj^onia, 247
—Plants from Ki;ypt and
Palestine, collected by Mv. \\.

M. Carne. 513.

Hynes, Miss S., wliite-fiowered

var. of EiMivrin hnujiflora

:

fasciated Antirrhmum ; syn-

antliic flowers of Dif/itaJis:

spikes of CalU.strtnoih Juicarls

var.. with flowers of difTerent

colours, 512.

Maiden, J. H., flowerinu twii; of

Eucnhji)iu)i crj/throcori/ti, 20J.

Tillyard, IX. J., collection of

insects from, and lantern
slides illustratini; the natural
history of. Cradle ^Nlt., X.W.
Tasmania. 201—Collection of

INIecopterous insects {I'anor-

pata), 302.

Turner, P., flowerini:; Pamboo;
Timothy-jjjrass from the Ade-
lon.i; district; a ]K)ison-plant

((J(ifitrolohiuni) . from W.A. ; a
poisonous Chilian Lobelia, 246
—Star-.u:rass from the In-

verell district. 302—Fruits of

Ped (Juandon.ij; ; a specimen
of an introduced Liliaceous
plant ( 7'y<7r/r/a ) spreadin.uj in

the Coolamon district ; fasci-

ated Red Lac Sumach. 439.
440—Pink-flowerinij variety of
Twoma ja-sminoides, 511.

Fasciation in Sumach, exhibited.

440 ; in Antirrhinum, exhibited,

512.

Fellows, ]jinnean jNlacleay. sum-
maries of year's work, 10, 11.

Fellowships, appointments to, 11

—

Announcements, 511, 603.

Fletcher, J. J., remarks on two
Australian plants naturalised in

S. Africa and ^ew Zealand.
302 ; on Abori,dnal Carvin,sxs at

Palm Beach. 512

—

ISce Exhibits.

Flowers, abnormal, exhibited, 247.

512.

Fro.i;ii;att. J. L., avc Exhiltits.

. W. W., re-elected a Mce-
President. 136

—

Sec Exhibits.

Fry, D. P.. Member, notice of his

decease, 202.

Fuchsia, synanthic flowers of, ex-

hibited, 512.

Calls. JJrachyscelid, exhibited, 302;
lepidopterous, exhibited, 439,

(limtrolohiiun, poison-plant, ex-

hibited, 246.

(ieoloj^y of the (Jreat Serpentine-
Pelt, 223. 250, 693-Of the Wes-
tern Sloites of New En,L,dand,

223, 250.

(iills. caudal, of the larvie of

Zyiropterid Dra.uonflies, 31. 606.

(IrvrUIca hn.rifoVui, abnormal flow-

ers of, exhibited, 247.

llallmann. I']. P., Linnean JNlac-

leay Fellow in Zooloj^y ; sum-
mary of year's work, 10—Ke-
appointed, 1917-18, 11.

, On the Genera Echi-

na.i-ia and Khahdosiyma [Poki
fera], 391.

Hamilton, A. A.. Notes on the
Cienus Lcpidiiim, from the
National Herbarium, 44 5

—

Sec
Exhibits.

.— , A. G., Presidential Ad-
dress, 1—Elected a Vice-Presi-
dent, 136.

Hardy, G. H. H., elected a Mem-
ber, 202.
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Haipcida of Australia, ^^^^

Haswell. AV. A., re-elected to the
C'oiiiK-il. 25.

Head, eiidoskeleton of, in C'ara-
hi(l(B and Cicindclidw, 339.

Medley, C. reelected u Vice-Pre-
sident. 136.

Herharinm. National, Notes on
Lepidinm. from, 445.

Heteromera. some new, from Tro-
pical Australia. 7U1.

Honeysuckle. Bastard, section of
loii; of. exhibited. (303.

Howe Island, Lord, Odonata,
Planipennia, and Trichoptera
from, 529.

Hydrocyanic Acid in Plants, Pt.

iii.. 113.

Hynes, ^Miss S. A., sec Exhibits.

Insects, Mesozoic. of Queensland,
Xo. i.. 175 ; Xo. ii., 676—Tas-
manian. exhil>ited. 201—iDe-

structive in wheat-stacks, ex-

hibited, 246—Mecopterous, ex-

hibited. 302 — Permian and
Triassic, 720.

Investi.uation. chemical, of poison-

ous. Solanaceous Plants, Pts.

iv.-v.. 118, 137.

Jacobs, E. G., elected a Member.
202.

KesteAen, H. L., Note on the

median l*ara sphenoid of the

embryonic Crocodile, 604.

Lea. A. :M.. Descriptions of new
Species of Australian Coleop-

tera. xiii.. 545.

Lvpidiuni, notes on the ,i;enus, 445.

Lepidoptera, win,u;-venation of. 167

—llevision of Australian. Pt.

vi., 304, 344—Ualls of, exhibited,

439.

Linaria, naturalised, exhibited,

512.

Lismore, Rhizopods of, 633.

Lobelia, poisonous Chilian, ex-

hibited, 246.

Lord Howe Island. Odonata, &c.,

of, 529.

Lucas, A. PI. S., re-elected to the
Council, 25.

C, elected a Mem-

elected a Mem

^IcKeown, K
ber, 136.

McC^iij,',i,'in, H. G.

ber, 249.

Maiden, J. H., re-elected to the
Council. -aS'cc Exhibit!;

May, J. H., obituary notice of. 7.

Mecoptera, Studies in Australian,
Xo. i., 284—From Xew Zealand,
281—p]xhibited, 302.

Mesozoic Insects of Queensland,
175, 676.

Micro-orj^anisms, action of, on
soil-bacteria, 162.

Milk, coagulative action of pan-
creatic extract on, 512—\'aria-

bility of, 815.

Mitchell. J., Xote on a Trilobite

{lirachymetopus) from Queens
land, 605—Permian and Trias-
sic insects from his Collection.

720.

and P]tlieridge, 11., Silu-

rian Trilobites of Xew South
AVales, with references to those
of other Parts of Australia, Pt.

vi., 480.

^lorphology of caudal .^'ills of the
lar>te of Zygopterid Dragon-
Hies. 31, 606.

^Mosquitoes, exhibited, 246.

Xamoi. oyster-shells deposited by
human agency in bank of, 247.

y<t II n()(horistid(v, new family of
.Mecoptera, 284.

Xeuroptera, Australian, Pt. iii.,

203.

Xew England. Geology of AVestern
Slojies of, 223. 250.

Xew Guinea, new AVax-scale from,
exhibited, 511.

Xew South AA'ales, (ireat Serpen-
tine 'P,elt, 223, 250 — Silurian
Trilobites, 480—Permian and
Triassic Insects, 720 —('h.wfo-
sunidtida', 757,
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New Zealand. California Pvedwood
from, exliihited, 246—Mecoptera.
284.

"Niii;litsliade, Common." and forms
and species eonfnsed with it,

58:?.

Nodnle. i)erforated. exhibited. ."Sll.

Norfolk Island. ()d(mata. IMani-

]>ennia. and Trichoittera from.
529.

North, A. J.. Member, notice of his

decease. 202.

Northern Territory, new 'ri,i:;er-

beetle from, 201. 337.

Note on the median parasphenoid
of the embryonic Crocodile. 004
—On a Trilobite {Brachtimcto-
piist). from (Queensland. 005.

Odonata from Lord Howe and
Norfolk Islands. 529.

Oyster-shells from Namoi Uiver,
exhibited. 247.

Palestine, plants from, exhi))ited.

512.

Palm Beach, aboriijinal carvinj^s

at, 512.

Pancreas of ox, action of extract
of, on milk. 512.

Pendnlnm investigations at Cobar,
202.

Peptone, locally made, exhibited,

247.

Permian Insects from X.S. Wales,
720.

Petersen, E., Australian Nenrop-
tera, Pt. iii., 203.

Petrie, J. M., Linnean Macleay
Fellow in Biochemistry : sum-
mary of year's work. 10—Pe-
appointed. 1917-18, 11.

, Hydrocyanic Acid in

Plants, Pt. iii., 113—Chemical
Investi.i2:ation of Poisonous
Plants in the N.O. SoUmacece,
Pt. iv., Chemistry of the Duboi-

sias, 118; Pt., v.. Alkaloids of

DiihoiKia Lpirhhardtii, 137.

Petrolo.uy of the Great Serpentine

Belt. 223. 250, 693.

Physiography of New England.

223, 250. 693.

Pinkerton, Miss E. C, Percentage
of CO2 in expired alveolar Air.

146—Composition of expired al

veolar Air, 866.

Planipennia. fossil. 175—From
Lord Howe and Norfolk Lslands,

529.

Plants. ])ollination of Australian,
12—Poisonous Solanaceous, 118,

137—Exhibited. 201, 246. 247,

302, 303, 343, 439, 440, 511, 512,

603. 604.

Playfair. (i. I., Phizo])ods of Syd-
ney and Lismore, 633.

Pollination of Australian plants.

12.

Protomecoi»tera. fossil, 175.

Quandong. Bed, fruits exhibited,

439.

Queensland. Mesozoic insects, 175,

676—^Unre-orded Trilobite from,
605.

Bamsay. E. P., obituary notice of,

7.

Bedwood, California, exhibited,
246.

Beversion-shoots, exhibited. 303.

Bevision of Australian Lepidpp-
tera, vi., 304.

RhalKJosigma, n.g., descrijitiou of,

391.

Bhi%oi>ods o£ Sydney and Lismore,
633.

Biverina. mosquitoes from, ex-
liibited. 246.

Boiling Downs Series, fossil dra-
gonfly from, 676.

Serpentine Belt of N.S. Wales, 223.

250. 693.

Silcnr, introduced weed, exhibited.

604.

Silurian Trilobites, 480.

Sloane, T. (J,, Descriptions of two
new Tiger-beetles from the Nor-
thern Territory [Title], 201—
Description of a new Tiger-

beetle from the N.l\, 337—On
the Endoskeleton of the Head,
the anterior Coxte, and the an-
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terior Coxal Cavities in the
Families Carnhidm and Cinn-
(lelidcp, 339

—

CarahidcE from
Tropical Australia (New Genera.
Species. Notes and Synonymy,
and Synoi)tic Tables. Tribes
Srarituii, Harpaliui, OdacantM
ni, Lchiini, and HcUuonmi). 406.

Smith, E. A., Corr. Member, obitu-

ary notice of, 7.—
, li. (irei.i?. jNTacleay Bacteri-

ologist to the Society : summary
of year's work. 10.

, Contrilnitions to

our Knowledge of Soil-Fertility.

XV.. Action of certain Micro
organisms upon the numbers of
Bacteria in the Soil. 162—The
Single Cell Cultivation of Yeast,
220.

Smith. INfiss V. A. Irwin. On the

(^hcrtosnmnfida., with Descrip-
tions of a new Genus and four
new Species from tlie coast of
Xew South Wales. 757.

Soil bacteria, action of micro-
organisms on, 162.

Soil-fertility, contributions to a

Ivuowledge of. 162.

Solanarcac, chemical investigation

of poisonous plants in tlie N.O..

iv., 118; v., 137.

Star-grass, exhibited, 302.

St if/modera. new, from Tropical

Australia, 701.

Sumach, fasciated, exhibited, 44 ).

Sydney, Rhizopods of, 633.

Tabanidpp, Australian, iii., 513.

Tasmania, insects from, exhibited.

201—Xew dragonflies from. 450.

Taylor, F. H.. Australian Tahani-

vidcF, iii. 513.

Tcooma jaHmwoidr.9, pink-flower-

ing, exhibited. 511.

Tctrnfjonia. introduced, exhibited.

247!

Tigei* beetle, new, from Northern
^rerritory. 201, 337.

llllyard. R. J., Linnean INfacleay

Fellow in Zoology: summary of

year's work, 10—Re-api)ointed.

1917-18, 11—Congratulations U^.

on the award of the Crisp :Medal

and Prize, 202

—

See Exhibits.

, On the ' Morpho-
logy of the Caudal Gills of the

Larvje of Zygojiterid Dragon-
flies. Introduction, Pt. i. (Gen-
eral Morphology), and Pt. ii

(Studies of the Separate Types).
31; Pt. iii.. (Ontogeny), and ]*t.

iv. (Phylogeny), 606—Wing
Venation of Lepidoptera (Pre-
liminary Report). 167—Mesozoic
Insects of (Queensland. No. 1.

riauipeDnia, Trichoptera, and
the new Order Protomeeoptera.
175 ; No. 2, The fossil Dragonfly
J^jSchnidopHis {j!Enchnn) fUn-
der.siensis (Woodward) from
the Rolling Downs (Cretaceous)
Series. 676— Studies in Austra-
lian Mecnptera. No. i., The new
Family Nafinochori.'ifidcr, with
descriptions of a new (ienus and
four new Species; and an Ap
pendix descriptive of a new
Genus and Species from New
Zealand, 284—On some new
Dragonflies from Australia and
Tasmania, 450

—

Odouata, Plani-

pennia, and Triehoptern from
Lord Howe and Norfolk Islands,
529—Permian and Triassic In
sects from New South Wales, in

the Collection of :\[r. J. jNIitchell,

720.

Timothy-grass, exhibited, 246.

Triassic insects from N.S.W.. 720.

Trichoptera, fossil, 175 — From
Lord Howe and Norfolk Islands,

529.

Trilohites, Silurian, 480.

Turner. A. J.. Revision of Aus-
tralian Lepidoptera, Pt. vi.. 304.

344.

, F., see Exhibits.

Variability of Cows' Milk. 815.

Veitch, R., elected a Member, 136.
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Waratah, abnormal inflorescences. Wax, ve,£:etable, from Beyeria, ex-

exhibited, 440. liibited, 247.

Wardlaw, H, S H., Linnean Mac- Weevils from wheat-stacks, ex-

leay Fellow in Physiology: snm- hildted, 343.

mary of year's work, 11

—

He- West Anstralia, poison plant from,
appointed. 1917-18. 11. exhibited. 246.

, Variability of Cows' Wheat, insects destructive to, ex-

Afilk, rt. i., 815. hibited, 246, 343.

Wasi), parasites on pni)!-!^ of P.low- Win.i;-venation of Lei»idoptera, 167.

flies, exhibited. 302.

Wax-scale, new, from New Guinea, Veast, single cell cultivation of,

exhibited. 511. 220.

64
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(6) BIOLOGICAL INDEX.

Names in italics are synonyms.

Page.
Ablacopns ater 546

Aln-axas 30G, 382, 386

expectata 382. 383

flavimaenla 382

grossiilariata 382

Acacia.. 14. 21. 23

aulacocarpa 1^0

celastrifolia 15, 24

Cheelii 441

Ciinuingliamii 140, 442

dealbata 22, 302

deciirrens var 140

glaucescens 442, 443

implexa 140

penniiiervis 140

sp . . 15, 303

Acadra tcssellata 315

Acanthaclisini 210

Acantliaclisis anniilatu .. ..210
Acaiitliopyge 503

australis 504

Aridalia imprimata 311

Actinocvstis corniibovis . . . . 698

sp 242

Actinomyces 162, 163, 164

chromogenns 162

Aclelidiiim "^52

cortlatum 'J'21

Adeliiim '^^~

Ademosyne.. .. 749, 750, 751, 752

major 750

punctata 750, 751

wianamattensis 720.750

^schna 676, 678

flinclersicnsis.. .. 676, 690, 691

I<:sohnidje 453, 454, 680, 689, 690

.^schnidiid^ 676. 678, 689, 690.

691

.T^schnidiinfe 690

.l^schiiidiopsis 690

flindersiensis, 676, 682, 683, 687.

691, 692

.Esclmidinm, 676, 678, 688, 690,

691

bubas 678, 690. 691

densum.. .. 678, 683, 685, 691

fUndersivnsc 691

/Eschiiinge ,. 453, 454, 458. 678

Page
Aethaloptera 186

Agonoehila lineclhi 433
littera-v 433

minima 433

Agriou .. 104, 454, 477, 478, 626

astelifp, 37, 38, 104, 105, 106. 626

brisbanense . . 454, 477, 478, 479
lyelli 478, 479

merciiriale 98, 99

piiella 98, 454

pulchellnm 98

AgrionidJB, 34, 36. 38, 57, 65, 85,

89. 107, 454, 475, 531, 621, 624,

627, 628, 631, 738.

Agrioninte. 38, 108, 454, 477, 531,

621, 625, 626, 628

Agrionini 96

Alcis 370, 371

repandata 371
Aletliopteris sp 232, 725

Alloformicaleon 208

canifrons 208, 219

Alocasia angustiana.. .. 113, 116

indica 116

intermedia 113, 116

macrorrhiza 113. 114

r. variegata 113, 116

metallica 116

Sauderiana 113, 116

sp 116

spectabilis 113, 116

zebriua 117

Amarygmus striatns 715

sulcatus 715

Amblychia 312. 366

angeronaria 366

subrubida 367

Amldygnatbiis pbilippensis . . 411

Amelora 305, 306

Amoeba 634

Umax 634

nobilis 634

proetus r. granulosa . . . . 634

r. nobilis 634

quadrillneata 634

radiosa 636

V. minutissima 635

V. stellata 635
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Page.
Amoeba .striata 634

striolata 634
verrucosa 634

V. maxima 634
/•. (iiiadriliiieata 634

Amuebiiia 634

Ami)liioii( ?) brevisi)iiiiis .. 505
pseiuloartic'iilatii.s 505

Amphip.syche 186

Amphitrema tlaviim 671
AiR'homeiiini 413

Aiiclioiioderides 413

Aiigelia 305

Angoi)ht)ra cordata 12

lanceolata 140

siibveliitiiia 140

Aiigiiilllilidce 769, 813

Aiiisoceiitroims 186

Anisodcs pardaria 313

Aiiisograplie 309, 311

dissimilis 309
subpiilclira 310

Anisoptera . .• 32, 43, 45, 453, 454,

681, 682, 686, 688, 689

Aiikryopteris grayi 265

Aiiiiiilaria 725

Auomoctena 319

trisecta 319

Auomotariis 435 436

alliens 435

crudelis 435

liiimeralis 435,436, 437

minor 435

olivaceus 435

riificornis 436

tiimidiceps 435

iimbratiis 435
iiiiimaculatiLS 435

Authoccrcis Hopiroudii .. 119, 137

Aiiticoma 769, 771

Antirrhinum sp 512

AphidcB 754

Apiomorplia pliaratrata . . . . 302

Aporoctena aprepes 321

scierodes 320

Aprosita 387

macrocosma 387

Araucaria excelsa 530

Arcella 637, 639, 641

anfiulosa 640

artoerea 040

Page.
Arcella cat inns 640, 672

V. anstralis 640
costata 640, 672

v. angulosa . . 640, 641, 672
V. couica.. .. 640, 641, 672

crenata 638, 672
dentata 639
discoides r, foveosa, 639, 672

r. scutelliformis . . 638, 672
liemispliterica . . . . 638, 672

V. depressa . . . . 638, 672
megastoma 639. 672

L\ alta 639, 672
mitrata v. angulata, 641, 672

r. depressa 641, 672
rotmidata 637, 672

V. alta 637, 672
r. scrobicnlati. . . 637, 672

.stellaris 639
vulgaris 637, 638
rulf/aris 637

V. comprcssa 640
Arcellina 637
Archipanorpa, 191, 193, 195. 19?.

198, 199, 200, 740, 749
magnifica, 191, 194, 197, 200,

679, 746
Arcliipanorpidi-ie 191
Arcbipetalia . . 451, 453, 454, 455,

459
auriculata, 450, 453, 455, 456,

457, 479
Argiocnemis . . . . 47, 98, 99, 625

rubescens 38, 99, 110
Argiolestes, 39, 71. 100, 101, 454,

475, 626, 627, 628
amabilis 476, 477
australis 454
clirysoides, 450, 475, 476, 477
griseus.. .. 38, 103, 110, 627
icteromelas . . 38. 47. 49, 103,

110, 111, 113
Asaplius 505
Asilidae 288
Aspergillus 162
Aspidoptcra nariyata 309
Aspilates Clarissa 346

c.rfusaria 319
Assulina minor 669

muscorum 669
Ataloplilebia sp 617, 618
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Page,
Atropa belladoiiiia . . . . 586, 588

Atrypa sp 698

Aucella liiij;lieiideiisis . . 676, 677

Aiilopora sp 698

Aiilospoiigiis moiiticularis . . 393

tiibiilatiis 393

Austrocvschua 453, 461

hardyi 453, 461, 479

multipimctata 462

parvistigma 453, 462

tasmaiiica 462
Austroagrion, 90, 93. 95, 478, 632

cyaiie, 38, 65, 68, 71. 95, 110,

111, 607, 608, 609, 610, 611,

612, 613, 614.

Aiistrociiemis 39, 98, 626
spleiidida . . 38, 47, 98. 99. 110

Aiistrogymuofiiemia . . ,, 206, 207
bipnnctata 206
iiiternipta 206
maciilata 206
pentagramma 206
tipularia 206

Aiistrolestes, 36, 44, 67, 86, 87, 88
aiialis 38, 88, 89
eiiigiilatiis. . .: 38. 88, 89, 110
foleiisonis. . ., 37, 38, 89, 110
leda 38, 89, 111
psyche 38, 47, 89, 110

Aiistropetalia 450, 454
patricia 451, 458, 459

AiithcTemoii 305
Avienlopecteii sp 700
Axiiiectya 391, 393, 394

mariaua 393
Axiiiella 391, 393

froudiihi 394
m(tria)ia 393
nionficiilaris 393

Axiiiellidce 391
A.zcliiia hipluga 380

Bacillus mycuides 162

vulgatiis 162

Baiera 725
BambiLsa glauva 246

glaiicesccns 246

nana 246
rirkU-glaucescens ., .. 246

Banksia 15, 20

latifolia 603, 604

Page.
BiDikfiid rohur 603
Ba.sisticlms 413,415

micans 414, 415
Bci'otha neuropunctata , , 213, 214.

219
nifa 213

Berothidic 213
]^>cyeria opaca 247
Bibionida^ 753, 754
liithia Uijmiria 311
lUttacida^ , , 174, 200. 286, 302, 740
Bittacns 296

auHiralis 286
corcthrarius 286
ijitcrmcdiiis 286
microcercus 286

Blattoidea 176
]'>lepliaroceridte 298
Boarmia. 305, 306, 308, 311, 312,

317. 319. 320, 321, 326, 335, 336,

344, 364, 381.

acariaria 375
acriitypa . . , , 351
adelpliodes 357
aganopa 356
agonea 356
amphiclina 350
atmocyma 349
utitictu 366
aticHtu 358
uttrUjHta 330
hif(vn'iaii(i 373
caUirrossa 373
vamclaria . , .

.

.... 333
canescaria 352
Clarissa 346
cognata 354
compactaria 376
crimnodes 360
ciirtaria 350
drccrtaria 330
delosticlia 355
destinataria 358
d'n^pJicata 377
disrupta 364
cpi.sticti'i 375
ereniias 350
eiidela 347
engraphica 359
c.f.siiprrata 331
externaria 352
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IJoarinia ilJu.straria iJTO

iiiflcraria o75
leplodesma oo-i

ItMU-oplectu ;54(3

litliiiui 330, 346, 347

loxocyma 351

loxojxraplui 353
liixaria 354
l.vciaria 353. 354

inaciilata 302
marmorata Moore .. .. 362

iiKinnorata Warr 361

iiyrtopora 345. 361

pallidiscaria 357

paiicoiiita 357

peiithearia 346

perfect aria 358, 359

pdccihiria 353

propo.sita 348

liuyUlata 374

roltoraria ' 344

St HI itata 353

siiasaria 345. 3.48

syuimorplia :>54

tieiiiota 360
tepliroleuea 348

tlieriLuea 350
viridaria 359
zaloseliema 355

zasfia 357

IJoarmiaiiie 304

l>orbacha 313, 319

enelirysa 314

ixirriscripta 314

I'oreidie 740

l)C»ii.Lcaiiivillea 14

Boiiiiyoiijj^ia 497
lH)Wiiiiiy:eiisis .. 498, 509. 510

Brarhymetoims sp 605

strzclcckil 605

l>racliyiiiiii 341
Bracliypliylliim 232
Bracliytroiiiiii 459
liroiijxiiiartiella 179

BroiiteidiP 4S()

Broiiteiis 499, 500
aiigiistieaiidatiis 493. 502, 509

aiigusticeps 502
l)o\viiiiii:eiisi.s . . . . 501. 509
creswelli 500. 503

enormis 499

Page.
Broiiteus flabellifer 500

formosns 499
goniopeltis 499
.ieiikinsi 499
Jont/i.spuiifc.r 499
loiigispinosiis . . . . 499, 500
mesembrimis 500, 509
moloiigeiisis 501, 509
obloiigiis 499
pa lifer 502
partschi 499
traiisversiis 502

Bninfelsia sp 13

Briiiioiiia 17

( acochroa 547
margiiiieoUis 546
piillata 547

C teiioprosopoii 513, 518

liamlyiii 521. 522

waiiiwrighti 522, 528

Caiamites 725

("alamoceratidte 186

Calandra graiiaria 343

oryzpe 343

('aliagrioii. . .. 93, 95, 96, 625, 632

billiiigliiirsti. , 38, 93, 95, 110.

624. 632

( alielia riifiplaga 326

Callides 425

Callistemou aciimiiiatns x lau-

coolatiis 512

aiiKPiiiis 512

laiiceolatiis 303. 343
'

/•. lilaciiia 512
liiiearifoliiis 440
linearis 303, 343. 512
rigidiis 303, 343
sp 440

Calochiliis 14

Calopterygidcne, 32, 38, 65, 108, 621,

623, 628

Calopterygiiue, 36, 38, 79, 105, 622,

623. 628

C'alopteryx, 33, 35, 36, 37, 48, 50,

71, 108

sp., 38, 59, 70, 79, 80, 81, 82,

110, 111

C'alymeiie 480, 484, 487
aiigiistior . . . . 481, 484. 485

aiistralis.. 481, 484. 485, 486,

507, 608, 509
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Calymeiie blimienbacliii, 481, 482,

483, 484, 486, 487

dniii 487, 508. 510

duplicata 481

iiicerta 483, 4?4, 485

Macleayi 480

iiiagareusis 484

sp 481

tuberculata 480. 481

tuberculosa, 480, 483, 484. 486

Calymeiieidce 480

Calypte anna 22

Campanulatii^ 18

Candollea 18

Candolleacece 19

Carabidie .. 339, 340, 341, 342, 406

Carabini 342

Cardamine dictyosperma . . 113

Carccomotin pcrf^mona . . . . 374

Carenum -407

bellum 408

eximium 410

floridum 407

fulgidum 407

lepidum 407

lepidum 407

longulum 410

nitidipes 408

(piadripunctatum 408

splendidum 410

sumptuosum 408

Carobius pulchellus, 530. 531, 533

Casbia 305, 306

rectaria 305

Casnonia 413,414
aliena 413

amplipcnnis 413, 418

globidUolUs 413

ohHtura 413

pcniisiflriDiica 414

riverincc 413

Castnia 170, 173

sp 170

Catoplierus 713

corpulentus 714

Centropyxis aculeata 643

r. ecornis 643

arcelloides 642

la^Aigata 642

Cerambycida' 576

Ceratocepliala 197

Page.
Ceratocepliala longispina . . 498

vogdesi 498
Ceratoleon 207

brevicornis . . .. 207, 218, 219
Cercopidte 720, 726. 728
Cercopina? 726, 728
Ceriagrion 39,96.97

erubescens 38, 97. 110

Ceroplastes sp 511
Ceropria peregrina 702

Chittosoma .. 758, 759, 761, 76!,

769, 811

claparedii 812

falcatum.. 763, 764. 765, 766,

768, 770. 772, 773, 774. 776,

778, 779. 781. 782. 812, 813.

814.

groenlandicum 812
haswelli.. 762. 763, 765, 782,

783, 784, 786, 788, 789. 790,

791, 792, 793», 794. 795, 796.

797. 798. 806, 812, 814.

hibernicum 812

longirostrum 759, 812

macroceplialum 812

ophiocephalum , . . . 757, 811
spinosum 812
tristicocluBta 812

C'liietosomatida-, 757, 759, 760. 763,

764. 765, 766, 769, 782, 798, 799,

811.

(hauliodinte 297

Cheiruridse 480, 491

Cheirurus 488, 489
insignis 489, 491, 493

Sternberg! 489

(liizala dcvcptatura 318
Clilamydomyxa 636

labyrintliuloldes. . .. 636, 674

Chlenias 306

Chloris divaricata 302

ChlorogompliincC 690

Chloropsyche 186

('h()(/(i(l(i pcrlcpidarid .. .. 373
Chonetes sp 698

ChoorcccliiUum distitauH .. 382

Chorista 736, 739

nificeps 286

C'liorlstella 298, 300

phllpotti 299

Choristidai . . .. 174, 302, 732, 749
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Choristinaj 286, 296, 297
Chrostobapta ;U)o

Clirysomelida^ 577
Chrysopa. 214, 216, 217, 534, 535,

542
anomala 531, 534, 535
araucarife . . . . 531, 534, 539
extraiiea 216, 219
latotalis 540
leai 531, 534, .538

metasti.i^ma .. 531, 534, 536,

537, 538

nautarum . . . . 531, 534. 537
iiorfolkeiisis . . 531, 534, 541
olatatis 537
rambiiri 216
sigiiata 216
waitei 531, 534, 540

('lirysoi)icliP.. .. 214, 530, 531, 533
Cieadida:^ 729, 731
("icindela iviieodorsis 337

albolineata 338
aurita 337
tetragramma 338

( k'iiidelida- .. 339. 340, 341. 342

Clareiicia 413, 415
alieiia 413

Cleora, 306, 363. 366, 369, 370, 377
aeaoiaria 371, 375
bathyseia 371
bita^niaria 371, 373
callicrossa 371, 373
oinctaria 370
compactaria 371, 376

displicata .... 371, 376, 377
euboliaria . . . . 371, 372, 373
illiistraria.. .. 371, 376, 377
inflexaria 371, 375
perlepidaria 371, ST,
prfec-isa 371.372
pupillata 371, 374
rchitinaria 333

Clepsydropsis 265

Cliviiia brevisterna 406
r. major 406

Coecinellidae 577
Cochliopodiiim asperum.. 660, 674

bilimbosum 660
Coleoptera. 176, 201, 720. 733, 749.

754, 755

Page.
Coloeasia antiqiioriim 117

r. eseiilenta 117
C'omesoma 771

vulgaris 769
Commelyna 14
Compositae 18
C'oiichuliiia 637
Coiichylosmiliis 213

triseriatiis 213,219
("onospermiim 19
Copidita apicalis 570

apieifiisca 573, 574
flava 573
gracilis 573
Ineisa 569, 571, 582
medioflava 571. 582
pachymera 570, 582
puk'lira 570
sloanei 571
teimicoriiLs 572

Coptoderides 432
Cora 74, 107, 622
Cordulegaster 467
('ordulegastriiue 458, 690
Cordiilepliya 454, 467, 469

divergeiLS, 454, 467, 468, 469,

479
molilalia 469
pygma^a . . 454, 467, 468. 469

Cordiilepbyiiii 467
Corduliiiise. . .. 453, 463, 464, 530
Corizoiieiira fiilva 517
Corydoeephalus 504

baiieri 504
palmata r. siiiuata . . . . 504

Corymica 307
ariiearia 307

C'orythioii diibium 669
Cosiiia 210

maelaehlani 2 10
Coi<iimhi(i rlari.ssta 346

pcnthearia 346
rupicolor 346

CraHpedosiH 334
leiicosticta 386

C'ratystylis conocephala . . . . 449
Lreagriiii 203, 204
Vreagris niihecula 204
C'roeodilus porosiis 604
Crotaloeephaliis. . ,. 488. 489, 492

articulatus 488
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Crotaloeepliahis sihbns. 488. 489.

491

miu-rayi 488

qiienstedti 488, 491

sculptiis 492. 508, 509

silverdalensis .. 490, 492, 508

sp 492

sternbei-ffi 488, 493

Crustacea 45, 100

Cr.vptodiffugia fi56

angnlata 657, 674

compressa 656, 673

r. aiistralis . . . . 656, 673

r. ovata 656, 673

creiiulata 657, 674

r. globosa 658, 674

miiiuta 656, 674

oviformis 656, 673

piisilla 658, 674

r. conica 658, 674

sacciilus 657, 674

valida 657, 674

Ctenodaetylides 413

i.'ueurbitaeejip IS

Cuc-iirbitella aiistralica . . 653. 673

Culieidfe 297

Curculionidfe 574

Cyathophylliim sp... 242. 271, 698

Cyelotella sp 647

Cymindides 435,436

Ciimindis ce«e?/.s 435

fra.^sirppfi 438

illau-arra 435

longicolUs 427

stigmula 436

Cypliaspis 507

lilydalensis 507

Cyphoderia 669, 670

ampulla 669

Cyphoderiopsis 669, 670

longieollis 669, 675

Cystamoeba 636

digitata 636

Dactylosplijprium 635

radiosum 636

V. minutissimum . . .

.

635

r. stellatum 635

Dadoxylon 725

Dppdrosis hirsuta 711

interrupta 710

Dampiera 16, 17

/A.GE

Datura stramonium 122

Deilinia 305. 306

Deipliou 496

Doncirias hrafhUwderuH . . 427
nifcsccnH 427
tircedensis 426

Demoplatus australis 521

Deudroleonini 205

Desmaeidonida^ 391

Desmidiacesie 633

Desmoseolecida^ 759, 769
Desmospongipe 10

Diahatifns minor 435

tuwidicrps 435
Diaphonia 547
Diaphoropodon pyriforme, 671, 674

Diastk-tis 314
australiaria 314, 315

glareosa 314, 316
hypomochla 314, 316
margaritis 314. 315
odontias 314, 315
tessellata 314, 315

Diatomineura 513

aurifliua 515

auripleura 516

montana 516

pulchra 516

testacea 516

Diet.voelirysa 214

fulva .. 214, 219

Difflugia 643, 654

acumiuata 650, 651

V. hacilUfera 649
r. Levanderi 651

amphoralis 647
ampullula 650. 673
bacillariarum . . . . 649. 673

?•. australis . . . . 649, 673
r. elegans 649
r. teres 650

brevicoUa . . . . 646, 647, 673
Casinoensis 647
T'onstrieta 647

r. spinifera . . . . 647, 673
corona 648

r. Foleyana .... 648, 673
curvicaulis 651

cyclotellina 647
elegans 649

fallcKF 650
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Diffliigia gibberosa .. .. 65], 673

Slobiilaris 651

plohuloM 651
globulus 644, 651

/•. Cashii 651. 673
grameu 644, 672
helvetica r. lithophila, 647,

673

647

647
673
fi72

hydrostatiea .

V. Uthophila
Levanderi . . .

.

Lismorensis .

.

r. crutifera

r. trilobulata . . . . 646, 672

lithoplites r. pulcherrima, 645,

. . 650,

. . 645,

.. 646,

654,

lobostoma 643,

V. globulus . . . . 644,

V. truucata . . . . 644,

673
644
672
672
673
652

673
672
672
673
673

673

mitrata 652,

r. major
oviformis . . . . 643. 672,

r. mollis 643,

1\ subglobosa . . . . 644,

Penardi 650,

pulex 652,

r. cuneata 652,

pyriformis 651
spiralis 653

tuberculata 651

r. C'orouata . . . . 648, 673

r. nodosa 648, 673

r. sphan-ica . . . . 648. 673

tricuspis 643

urceolata 647

r. amphora 647

r. helvetica 647

V. sphierica . . . . 647, 673

varians 645, 672

Difflugina 643

Digitalis sp 512

Diphlebia, 36, 39, 40, 47. 50, 52, 73,

74, 75, 77, 109. 622, 624

euphceoides . . . . 37, 38, 77

lestoides .. 37, 38, 75. 76, 109

nymphoides 38. 76

Diphucephala parvula . . . . 545

pygmaea 545

tantilla 545

Diphyphyllum sp 271

Diplophrys Archeri 671

Page.
Diptera, 11, 21, 167. 195, 201, 285,

287. 297, 298, 299, 300, 513, 734,

743, 753, 754.

Discalma 318

normata . . 319
Distoleoniui 206

Dohruia bifoveicollis . . 568, 569

lK)isduvali 569
eremita 569

miranda 569

uiidulaticoUis . . . . 568. 569
Dolichoclitis tetrastigma . . 432
Drepjinacra 530

luimilis /•. longitudinalis 533

iustabilis insularis.. 531, 532

norfolkensis 531, 532

r. lineata 533

Dromiides 436
Dromius crudelis 435
Drosera 14

Dryptini 413
Duboisia .. 10, 118, 122. 124, 131

Cami»belli 118

122,

134,

133,

145

Hopwoodii, 118, 119, 121,

124, 125, 128, 132, 133,

138. 145.

Leichhardtii .. 118, 132,

137, 138, 139, 144,

myoporoides, 118, 119, 120, 121,

123, 125, 128, 129, 132. 133,

134. 135, 138, 139, 145.

Dysphania littoralis 113..

myriocephala 113

E( hiiiaxia. 391. 392, 393, 394, 405

folium 392
frondula.. 391, 392, 394, 397
hirsuta 392

liinoderidtF 759
tenopsis sp 521

troma 422, 423
tropis 305, 326, 328
argalea 327, 331
camelaria 327, 333
despicata 327, 330
desumpta 327, 331
elongata 327, 329
excursaria 327. 330
exsui>erata 327, 331
fractaria 327, 329
hemiprosopa 327, 333
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Ectropis isombra 327, 331

mniara 327, 334

moc-hlosema 327, 328

odoiitopliora 327, 334

pristis 327, 331

riifibrimnea 327, 329

sabulosa .... 327, 330. 332

subtinctaria 327, 330

Ectyche 710

bieolor 709

coenilea 710

sciilptiirata 709

Elaphromyia 517, 518

ElatericUe 721, 751

Elateridium 751

ansu^tius 721, 751

wianamattense 751

Elaterites 751

lavateri 751

Elatrhtcs 751

iciaunannittciisis 751

Elodea sp 633, 642, 656

Elphos 3G6

hymeiiaria 366

siibrubida 367

EmbotliriefF 20

Enoplus 769, 771

communis 772

Eoscarta 728

semirosea 727

Epacris longitlora 512

Epacticns aspratilis 575

nigrirostris 575

ruber 575

suturalis 574

Epallaginse . . 33, 38, 74, 621. 628

Epidesma 386, 387

queenslandica 386

P'piopblebia 628

Eranthemum 14

Eremophila latifolia 439

Erephopsis gibbula 515

lasiopbthalma 517

Erythromma 93, 96
^

na.ias 96

Erythroxylon 131

Escura 204

divergens 204

Estemoa huha.9 691

Eucalyptus 14, 15. 21, 23

crebra 140

erythrocorys 201

ficifolia 14

Page.
]^]ucalyptus hemiphloia . . . . 140

melauopliloia 140

paniculata 140

sp 276. 433, 434

tereticornis 140

Euclimacia 217

erythrcen 218

flavicostata 217, 219

nuclialis '218

torqiiata 218

Eudalia . . 413. 415, 416, 417, 418

amplipenuis 418

l)ruiineipennis . . 418, 420, 421

castelnaui 415,417
froggatti . . .... . . 418, 420

latipeunis 417, 418

macleayi 417

nigra 417, 418, 419
nitida 418, 420
oblifpiiceps 418, 420
obscura 415, 518
subhevis 418, 421
waterliousei 418

Kuglena sp 636
Euglypha 660, 661. 666

ac-antliophora.. 661, 662, 674
r. elliptica 662, 674
r. gracillima . . . . 662. 674

alreolata 662, 663
V. hamulifera 667
V. Uteris 665

australica 660, 674
V. cylindracea . . .. 661, 674
r. elegans 661, 674

bracliiata 662, 663
compressa 664, 665

V. obscura . . 665, 666, 674
crenulata 661
cristata 663

r. lanceolata .... 663. 674
r. major 663, 674

dentata 675
/•. elongata . . 666, 667, 674
r. hamulifera, 666, 667, 675

denticulata 665
filifera 664

r. cuueata 664. 674
1-. cylindracea . . 664, 674
V. elegans 663, 674
V. pyriformis . , , . 664, 674

Isevis 663, 665, 674
V. lanceolata, 663, 665. 666,

674
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En.ijlypha laevis r. minor.. .. G66

tuberculata 6G2
V. minor 002

Euglyphina 060
Eulebia 424

picipcnnis 424
plagiata 424

Euomphalns sp 098
Euphania Jiitcola 286
Eiiphnea 108
Euploea 170

corinna 171
Eusemia ma viand 385
Enthenarn.s 412,413

brunnens 412, 413
Erarma marginata 308

P'avosites gothlandiea . . .

.

098
nuiltitabnlata . . . . 242, 098
pittmani 242
sp 230

Fenestella 271
Forbesia euryceps 507
Formicaico ranifron.s 208
Frenzelina globosa 071

reuiformis 071
Fuchsia sp 512
Fulgoricla^ 729. 73 L

Fusanus acnminatns 439
r. ehrysoearpus 439

Gangamopteris 725

Gastrina 377

catasticta 377
crebina 373

Gastrolobinm spinosiim v. tri-

angulare 240

Geomela 582

bifoveata 582

blaekburni.. .. 580, 581, 582

bryophaga 582
eirc-nmflava 583
lamellifera 579, 582

montana 580, 582

nobilis 581, 582

tasmaniensis 580, 582

GeometridjB 304

Glenoleon annulicornis . . .

.

205

indecisus 200

Glossopteris 725, 720

browniana 720
linearis 720

Page.
Glycine 14

Glycyphana 547

Giiathaphaniis hrricpps • • • 411
philippensis 411
vnlneripennis 411
whitei 410

(hwphos dcfitinataria 358
(ioJdius 500

rresireUii . . . . 499. 500, 503
grcenii 499

Gomi>liinje 678
(iompliomacromia. . 453, 403, 404

l»aradoxa 453, 403
(louophafja alhipKiicta .. .. 310

Huhpulchra 310
(ioodenia lo

cycloptera 17, 18, 24
hederacea 17. 24
ovata 10, 17

Goodeniacese 15, 18, 19. 24
(ioodenoviene 15, 10, 24
Graminejp 303
Grevillea acanthifolia .... 20

bnxifolia 247
laurifolia 20
pnnicea 247
robusta 20
sp 15, 20, 21

Gromiina 070
(iymnocnemia 206

hipHHctata 200
interrupta 200
macuUita 206
prntagramma 206
tip IliaHa 206
variegata 206, 218

(hjnoptcnjx ada 380

Hakea acicnlaris 302
HaJia australiaria 314
Harpalini 406, 410
Harpeidie 480
Harpes 496, 505

trinucleoides 496, 509
ungnla 496, 497

Harpobittacus 286,290
anstralis 286
nigriceps 286
tillyardi 286

Heleopera 059
Heliolites porosa . . , . . . .

.

698
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Heliolites sp 258

Heliozoa 634

Helliiodema hruniieum . . . . 438

iiiiicolor 438

Helluoiiiiii.. .. 341, 406, 413, 438

HemerobiicUe . . 180. 290, 531, 532

Hemeroijhila crolusa 311

e.rrursaria 364

luxaria 354

mundifcra 364

pra'tereiins 311
.siUcaria 364
strirarid 312
restita 330

Hemieordnlia australifp. . 530, 531
Hemiptera, 176. 720, 721, 726, 729,

753, 754. 755
Hepialidfe 173,174,296
Hepialiis eximius 169
Heta^rina 36, 37, 79

sp 33, 38
Heterectya 391, 394, 405
Heterodendron olefpfolium . . 113
Heteromastix 563
Heteromera 701
Heteroptila 305, 369

arf?oplaea 369
xylina 369

Hiletini 342
Homaloiiotiis 506

delpliinoeephalns 506
harrisoni 506
vomer 506

Homoptera, 190, 720, 721, 726, 729,

731. 753, 754
Hyalosphenia Coogeeana, 658. 674

nohilis r. compressa, 658, 674
Hyl)eriiia 305, 324

horcophilaria 325
iiidoeilis 325

Hydro! )asileus brevistyliis . . 470
Hydrophilida- . . . . 720, 749, 750
Hydropsyche sp. . . 185, 186, 187
Hydropsychinn? 186. 187
Hymenoptera 21. 201, 297
Hyocis Bakewelli 717

eanreUdta 717
Hyperythra 305

Jljiporhroma diHRonnta .. .. 329
maciilatu 362

nun <i rid 329

Page.
Hypochrosis 381

(iilorosticha 381
cryptcu-liodata 382

Hypopetaliu 450, 454
Hyposidra 317

a II Stml is 318
.iaiiiaria ;n7, 318
sfhistacca 318
talaca 317, 318
rariahilis 318

Hypoxis 14

piisilla 24

Idoeorduliini 464
lUsemis 505

johnstoni 505
wahleiihergi 505

Iscliiinra, 96, 97, 99, 100, 108, 625,

632
aurora . . . . 38, 97, 531, 532
lieterostieta. 38, 58, 62, 96, 97,

110, 607. 611
Tsosticta.. .. 92. 95, 624, 625, 632

simplex 38, 92, lio

Jiiuciis 14

prismatocarpus 113

Laocoseaphiis doddi . . . . 40G, 407
r. triordinata 406

Lachiiothorax 413, 414
formicoides 413
paliistris 414, 415
riveriu<e 414. 415

Lngyra agrealcmna 318

homhycaria 318
diffifsata 318
flaccida " 318
infumta 318
rigiisaria 318
tahtca 318

Larentia i-iprimutaria . . 321. 322

fcraria 332
Laropliylla 389

amimeta 389
Lasiocampida^ 384
J^eaia mitchelli 726
Lebia hrncfica 423

civica 423
melanota 424
papuensis 424
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Lebiu picipeiiiiis 424

plagiatci 4™M
Lebiides 424
Lebiiiii .. .. 341. 4UG, 422
l.ebiomorphji 422, 423

beiiefica 423
civica 423

fraj^ili.s.. -. 422

.gravis 422

fiecaiiomenis liu-idiis 411
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THE SINGLE CELL CULTIVATION OF YEAST.

By R. Greig-Smith, D.Sc, Macleay Bacteriologist to the

Society.

The method of isolating single cells of yeast by means of the

pen, and growing them in tiny drops of nutrient fluid on cover-

glasses in a moist chamber, as recommended by Paul Lindner,

was a great advance upon the older gelatine process as practised

by Hansen. The Lindner-method is in general use at the pre-

sent time. It has some disadvantages, however, as will be

recognised when the method, which I am about to describe, has

been tried.

The pen acts by the capillary nature of its split, and it is a

simple step to adopt a glass capillary, such as may be obtained

bv drawing out a heated piece of glass tubing until the tube is

of the necessary bore. A four-inch piece of glass tubing of 4mra.

bore, heated in the bunsen flame until soft, and drawn out to

about thirty inches, will furnish several suitable capillaries.

The heating sterilises the glass, and the capillary is ready for

use when broken or cut into short lengths of, say, five inches.

It is better to cut the capillary with a fine file to ensure a clean

cut. A broken end will not make a good contact with the

cover-glass, when the yeast-suspension is spotted. If the hand

is used to cut or break the tube, the capillary can be sterilised

bv passing it rapidly through the flame before using.

The capillary is dipped into the suspension of yeast-cells, and

inclined at an angle. The liquid rushes up the capillary but

soon stops. The capillary is withdrawn, and 16 to 20 spots are

dotted upon a sterile cover-glass, just as in the Lindner-method.

The size of the spot can be regulated by inclining the capillary

more or less to the vertical, and by the duration of contact with

the cover-glass. The aim is to have the spot of such a size as

can be included in the field of the microscope.
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EXPLANATION OF PLATES XXL -XXII.

Plate xxi.

Rhabdosir/nia mammillata Whitelegge.

Fig. 1.—Longitudinal (desarcodised) section of the skeleton (of a digitiform

lobe), showing extra-axial region thereof and also portion of the

axial region; ( x 15).

Fig.2.—Entire specimen; { x f ).

Echinaxia J'rondala Whitelegge.

Figs.3, 4.—Pattern of the skeleton as shown in longitudinal section parallel

to and in the mid-plane of the (lamelliform) sponge. Fig. 3 shows

more distinctly vthe longitudinal spicule-strands; in Fig.4, which is

from a thinner section, many long interstitial megasclei-es are also

to be seen; ( x 50).

Plate xxii.

Echinaxia frondnla Whitelegge.

Figs. 1,2.—Skeleton as seen in longitudinal section perpendicular to the

surface of the (lamelliform) sponge. The desarcodised section

(shown in Fig. 1) is from near the upper margin of the sponge; the

other (undesareodised) is from near its base; ( x 50).
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