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. BACTERIOLOGICAT, AND OTHER RESEARCHES.

A/

1

- By .AR.CIEIIBA_L'D Lang McLeaw, B.A,; M.D., Ch.M. (M.C.), Suigeon‘ and Bacteriologist.

1.
L

With Eleven Plates and Thirteen 'l‘e)_zt-ﬁgm;es.- |
. INTRODUCTION. - _
" THE object of the Australasian Antarctic Expedition (1911-1914) was to-explore and
sto prosecute scientific investigations over a tract of 2,000 miles of coast line contained
within the "Australian Quadrant of Antarctica (between 90° and 180° east longitude).
. "This atea'of the continent, 6f Antarctica lies to the south of Australia and New Zealand. .

A Map of the Antarctic Regions as_knowh at the -present day.

" Moreover, it was fitting that an e;xpedition compqéed of men of the Commonwealth
and “Dominion shouldiqu attempted to define its geographical contours, especially
4s thébe had, ‘up to the year 1911, only been .vaguely indicated. Two navigators,

- Dumont D’Urville and Charles Wilkes, in the year 1840, proved the existence "of

4
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'constltuted an addition to the sum of sclentlhc ]\nowlcdge

6 o ‘ AUSTRALASIAN ANTARCTIC EXPEDITION.

undoubted ]andfal]s In 1so]mted localities, but no-one had -actually wintered on the

“maintand ‘nor *had made any exhatistive scientific enqairiés between' Cape Adare on

the east and Gaussberg to the west, With such an outlook, 1t may be understood
that the scientific' aims of the Australasian Dxpedltlon were dnected 80 as to be as
wide and embiacing as possible. '

B'Lctenology ‘was to be my speola.] depaltment, and the tms]\ of obtammg various
suggestions as to lines of work and securing suitable ‘apparatus was compressed into
two short months towards the end of 1911.

<

The field was one in whlch four previous bacteriologists ha.d carried out
1mportant leeeawhes, to whose records I-had access only in one mstance owing to

the exigencies of time. In any case, a gleat deal had been accnmphshed but in this

new sphere of Antarctic land every fresh, observation was of value, In 50 {ar 98 1t

+

Spemﬁ(. suggestlons were not wantmg " Kach da.y new 1deas were discussed,

and the programme 1ncreased_\m sizé until.it became dlf’ﬁcult to- Se]ect what would be

most practicable and fer tile in result. Ant‘ucmca was so to speal\, :mothel world,
the peculiar conditions of which were worthy of study in-the 1ccmds of exploration.
The tools for the task were.to be suited, to the envnonment Pr esumably the South
was germ-frec, bit the 1ntest1nes of -antarctic amma]s must hzwe some kind of a
bacterial flora. The bnds and, sezﬂs were possessed of sclentlﬁo interest, even for a
student in medlolne '_lhe “healthirless of the explorers life. was plovelbla,l—shou]d

not one be in a posmon "o study physmlogy, Immunity a.nd psycho]ogy under unique -

circumstances? Such’ wete some of the' general quenes and’ the actual practice has
nauowed down bo’ the chaptels which fo]low o '

N

The - equipment ‘I took to Adehe Land was - mu]tlfa.llous in detail, on the

assumption that it is, better ‘to ‘overstock than to fail; m an important ‘observation

through the lack of some snnp]e 1nstrument or. chemlca] There was ‘theé. pr oblem of
space, of course, and it was a v1tal one: on’ our small e\plonng ship, laden with
provisions for thirty-two men over' ‘a’ period of two years, four huhdred tons of coal,
sledges the timber of four huts, two wireless plants, an 'Leloplane, a motor-boat,
sledgmg dogs, scientific instruments, and a gleat mlsce]l{my of a]tlcles either lashed
on deck or stored below. Such a recital will brmg home ‘the essentlal]y pmctlml SIde

~ of exploration. . ' 5

Tt ‘was useless to attémpt any- bactermloglcal work “on the- passmge to Adehe
La.nd amidst the impedimenta which filled the cabins and overflowed on to the decks;
a dlsa.dvanta.ge which T felt on arriving at Macquaue Isla.nd with its, wondelful faung
and diverse soil characters. The first necessity was to establish our bases at, various

,pomts' making- the random notes or collections which time permltted S e

-



BACTERIOLOGICAL AND .OTHER RESEARCHES—McLEAN, iz

i~ In Adelie Land a hut was built in a feW-weeké_, and here, after a time, 1 was able
gradually to unpack my boxes dumped ‘with the cargo on to_the ice-foot; afterwards

to find space for some of their contents in the dwelling which formed our Main Base

in Antarctica for a period of two years. .

" .The heat for the iﬁcubator‘ was supplied - by
capsule and lever regulators worked well, so that it was possible to grow cultures either

ab 18° to 20° C., or at 37° . 1t would have been a great advantage to.have had two’

incubators for this purpose; especially during the final relief cruise of the “ Aurora,”
when cultures from animals were grown with others from soil, marine mud, and ice.
As the latter were grown at 18° to 20° (., many of the former either did not develop or
+ soon ceased to grow. The rolling of the ship during gales and blizzards—gs well as the
occasional extremities of cold—made it difficult to keep the incubator at a uniform
terperature. R : -

++ + - Bacteriological Laboratory in the Hut at Adelie Land,

A lai:ge stock of culture me:dia—ge‘lat_ir'le, nutrient agar, "serum agar and glucose

. agar—were carried in tins_,- each containing one gross of tubes. It would have- been
* possible to mla.nuf‘g'ctulre media on the spot—and for'f':his_ purpose the necessary materials
were takén;but,s11i)seq11e11tly it'-a.ppea.ljed’ that the Hut was infested by, the spores of
moulds which would doubtless have infected the culture tubes. FEven though the media
became frozen soon after the ship had entered the pack-ice, two tins were found, after

a few months in the Hut, to have become contaminated, and were’discarde"d, rendering’
1t necessary, in using a doubtful tube, to incubate it beforehand for a period of twenty-

four or forty-eight hours. 'Dr.‘_ Ekelot, oft_he Swedish“ Expedition (1901-1903), and
Dr. ‘Pirie, of the Scottish ‘Expe‘ditiol} (1902-1904); record similar experiences.

Again, the gelatine’ media, after being: frozen, were found to split and crack

after inoculation by stab-culture. Sometimes the whole médium became broken up,’
and the conditions for anaerobic growth and gas-formation ‘were not present. - Actually

a .kerosene lamp. The ether

o



8 .. /AUSTRATASIAN ANTARCTIC EXPEDITION. .

- the number of tubes available for making cultures dwindled so much, that I was not
able always to make subcultures, and the bacteriolocrica.l.work had to be limited.- :

There were nmny difficulties which presented themselves and had seve1a.lly lto
be overcome or recognised as insuperable. Tests which could be quickly and acour ately
carrled out in an ordinary laboratory, replete with conveniences, occupied a “mich
longer ‘time in the winter quarters at Cape Denison. The claims of - general work,
incidental to the operations of a self-contained expedition, were rmlwa.ys present, though"
I should meéntion that our leader, Sir Douglas Mawson, gave to all thOSe engaged mn
spemal research the utmost encouragement. ‘ . f

5 B . . - . LEEER N ) o ety

. A SN 1,11 corner of the Hut was reserved for bactcnology Here, a few' shelves"
a.nd a table accommodated stains and other reagents, slides, a spirit lamp, a centnfuge,"
a microscope, a steriliser, and other miscellaneous apparatus. For more than four
months T was unable to make up Gram’s iodine, owing to the potassium iodide and
jodine having been misplaced. Smears from many of the cultures made from animals’
in 1912 were, thercfore; not stained by Gram’s method. - The boxes containing f’ny_
stock of materials were buried in snow outside the Hut and wére only accessible on:
the rare fine days, when they had to be dug out, opened ‘md re-packed. :
«" The Main Base of the Expedition was located at Commonwealth Bay, Adelie
Land. Here, at Cape Denison, is an outcrop of rocks, mainly gneissic granite, forming
about 1 mile of the coast-line, from east to west, and not more than one-third of a niile.
at the widest part, measured from the sea back to the moraine in which the glacier ends,
to the south. On either side streams down the pledmont glacier,, presenting at the
sea-front a perp_endlcular wall of ice, from 80 to 120 feet in height. Tive miles to the
west, following the icy face, is another outcrop, where a large rookery of Antmrcﬁc petrels
was subseqtiently discovered. - The glacier’s wall continues then for some 20 miles 'to
- the next outcrop. From observations made by sledging parties, and as a result of the
three Antarctic cruises of the ° © Aurora,” 1t is plobable that these DlOtlllSlOIlS of tho
underlying 'land "occur at megulal intervals along'the' glaciated coast of the' continent
for 1,300 milestto Queen Mary Land, where the second Antarctic party landed, under
the lea.dershlp of Mr.- Frank Wild.  Dr. 8. E. Jones, the surgeon, was equipped to carry '
on bacteriological work, but was forced ‘to abandon’ any researches on’ aoeount of hls
culture medla becoming contaminated. T L ‘

The weather:in Adelie. Land. was. ‘extraordinarily severe. An a'most continuous
blizzard blows there year after yefu The average ]10mly velocity of this torrent of
polar air amounts to 50 miles per h0u1 a record for avy inhabited loeallty on the’ face’
of the earth. On our arrival at Commonwealth Bay, there were seals and "penguiiis,
skua gulls and petrels-to be found along the foreshores of Cape Denison, but we were
all so busied in building huts, erecting wireless masts, and ma]ung the winter quarters,
habltable, that 1 had scant opportunity until the followmg splmg of securing cultures,
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BACTERIOLOGICAL -AND OTHER RESEARCHES—MOLEAN‘. ‘9

from animals with any degree of leisure. In the summer of 1912 to 1913, most of us
were away on long sledging journeys, and all the collections were packed up in reediness
for our letuin to Australia. So, it may be understood that, during the wmtel of 1912,
most attention was directed to the bactenology of ice, snow, and soil.

Owing to the cal:ymity w]iich befél one of the sledging parties, seven men weie

| obl'ged to spend another winter in Adelie Land. During this period I was unable to

continue my special studies, as the incubator had been taken on board the “ Aurora,”
and had not been transferred again to the Hut owing to the unprecedented weather.
But there ‘was ample occupation adding to the biological collections, while our
domestic duties and the regular meteorological and magnetic observations ]\ept us
all fully employed during 1913. However, when the ship returned to. relieve us in

‘December, 1913, I found that the incubator had been returned with a fresh consignment

of culture tubes. For a week, then, during a spell of sunimer calm, I was able to make
certain cultures which were carried back to Australia, and on which reports, appearing
in due course, were furnished by the. Bureau of Mloroblology, Sydney.

Tinally, there aTe certain acknowledgments I should like to make; in particular,
the advice and practical help given me by Dr. J. B. Cleland. To him and Drs. E. W,
Ferguson and K. Smith-T am iridebted for the investigation of cultures and specimens
brought back from Antarctica. Professor D. A. Welsh of Sydney-University offered
me many -suggestions and. apparatus which proved 1nvalua.ble in the South. While

in Hobart, I was grateful to Dr. J. 8. Purdy for the use of the Board of Health

laboratory. In Adelie Land, one was generally in touch with, and ready to aid the .
other’s special department. of science; I should mention the help of my comrades,
Messrs. J. G. Hunter and W. H. Hannam. * Later, in Sydney, Dr. B. T. Edye assisted
me to standardise two instruments, and. Mr. R. Grant of the Bureau of Microbiology
kindly took the micro-photographs which appear among the_illustrations. Dr. O.

. Latham, pathologist of the Department of Lunacy, was unfailing in his sympathetic

assistance. Six photographs by Mr. J. F. Hurley appear among the plates. at the end
of the Report. They represent artl_stlcally the surroundings of the Hut at Cape
Denison. . _ , ' N ‘

el
"
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10 - 0. "AUSTRALASIAN ANTARCTIC' EXPEDITION, ' .-
o (o CHAI—:’TER I. _ _
CULTURES FROM l\IAl\I\[ALS BIRDS A\TD 1*1SHES

'

TrE following obselvastlons are extla.cted velbatlm or n summmy f10m the record. of

_the Bactenologlcal Log -
- WEDDELL SEAL (Lepton Jchotcs weddella) o o

11-3-12. Throat and Nose

Cultules from the thloat and nose of.a Weddell seal were ma.de nmnedmtely
a,fter the animal had ‘been shot, on serum agar and nutrient agar slopes. |

After four da.ys at 37° C., there were well- malked colonies, -fusing into a pale

white smear, having a faint yellow tint over the surface. - The two types were :—

() Small, pale, circular colonies, and (b). larger, white colonies,” quickly losing their
‘ circular form during glowth and fusing to foml an irregular, filmy, pale smear.

Smeals stained by Grans method showed :— . .
{a) Streptococcal chains, Gram- posmve »
. (6) A Gram-negative, sporing bacillus havmg short 000001d forms, and others
" constricted and dividing so a3 to resemble diplococei.

L

Subcultules of («) and (b) were made and obtained each in pule culture,

~ (b)) Aserum agar slope, aftel 24 homs, showed pale, circular colonies glowmg'

* rapidly and fusing into a filmy white smear.

2. On a nutrient agar slope there was a white gmwth spma.dmg slowly

3. A gelatine stab after a few days had a line-of minute, white- dots along the

- course of the stab; no hquef‘to’mon of the medmm -

H 1, 2 and 3. Small, stout, Gram-negative bacilli, some with 10unded ends,
arranged smgly and in groups of two ‘many, coccoid forms and pairs resembling

dlplococm

Cultures of (b) examined after six days showed involuted formg of the bacillus;
~ club-like bacilli and straight rods (short and long), many of which were spore-bearing.

)




BACTERIOLOGICAL AND. OTHER REBEARCHES--McLEAN. . 11

- After two weeks the culture ceased to grow; it was.a filmy smear, pale yellow in
tint. Involution forms of the bacilli were more mm]\ed some belng stout and curved,
and many bulbous and. beanug refractile spores.

Cultures made’ smultaneously from. the nose and throat of a- orab eater seal had
the same cha,mctm —_ -

CRAB-EATER SEAL (Lobodon cammopkagus)
11-3-12. T'lhroat and Nose. , SN

On serum agar and agar slopes, after four days at 837° C., there were well-marked
colonies fusmg mto a pale white smear having a faint yellowish tint. They were of
two types :—(a) Small, pale, circular colonies, and () larger white colonies, quickly

_ losing their circular form during growth, and fusmg to form an irregular, ﬁlmy, pale

smear.
(a) Gram- posmve streptococcn

(b) A Gram- negatlve sporing - bacillus, ha,vmg short, . coecoid forms, a.nd others

-constricted and d1v1d1ng so as to resemble d]plococm After almost a week

of growth, the bacilli were long, 1nvoluted and spore-bearing. -

Weddell Seal—TWounds. I S
It is a fact of some interest that most.of the Weddell seals Whlch man‘tged to
ﬁnd a landing-place. on the blizzard- -sweph shmes of Cape Denison were covered with
wounds which had been 1ecent1y recelved and were slowly heahng, and with many’
old scars. The wounds varied from smlple incisions to deep, ragged and extensive
lacerations. Occasionally there was Wlde spread destruction of. tissue aﬁectmg the
whole thickness of the layer of blubber, and invading the muscle. It is surmised that
the Weddell seals; which live for a ‘great part of the year on the floe-lce adjoining the
foreshores or on the land itself; are sub]ected to the attacks of sea-leopards ‘arid killer

whales, which abound throughout the zone of pack-ice. On one occasion two members

of the Bxpedition rmc’cually observed a sea- leopal d feedmg off the carcase of a seal floating
on the surface of the water. C‘e1tam it is that the.-majority of the land seals which came
‘ashore by sw1mnung across the. open water against the continuous blizzard during the -
spring’ or autumn of 1912 and 1913—there ‘were very few during the winter—had run -
the gauntlet of many attacks(Plate-14). One particular seal was so badly wounded with
multiple tears and severe lacerations, and had lost so much blood, that it had just -
sufficient. strength ‘to land on:the low, flat. harbour-icé. .This. seal was observed for -
several d‘l.yS during which 4ll the Wounds commenced to.suppurate. Then the animal

" lapsed into a comatose state from the resultlng septlc_aemla .and was.eventually shot.-

- It may seem a fact. contrary to the usual- presuppositions about Antarctica that
on every occasion in which these. wounds: were- bacteriologically - exammed they were
found to contain abundant pyogenic ‘and other bacteria, Though the temperature
of the surrounding air may bé as low as 30° F., with blizzard. winds. up. to and. beyond
one hundred miles per hour in velocity, multlphcatlon of bactéria goes on in the warm
msteltlces of the wounds and 1t is possﬂa]e to view. every stage of disintegration from

-1



12 AUSTRALASTAN ANTARCTIC EXPEDITION:

slow, degenerative sloughing down' to a.otuz‘il pus formation. ~ And round a seal with
many. wounds one may often note small heaps of frozen pus and sanious exudation
‘lying on the foot-ice.

Infection and suppuration are undoubtedly hastened because of the tluck,
plotectlve layer (three to five inches) of blubber, with a relatively poor blood supply,
which intervenes between the hairy skin and the, muscle. Then, too, seals often lie
for days on one patch of ice, which becomes covered with their own and other seals’
excreta. So that it is not surprising to find Bacillus coli communis adding itself to an
already mixed infection. S .

In eight cultures on nutrient, glucose and serum agar which were made in Adelie
Land from wounds of a "eddell seal on December 27th, 1913, and delivered for
examination to Dr. Cleland, in Sydney, on March 3rd, 1914, the following bacteria were -
found :—Staphylococei, streptococci, a Gram-negative mycelium, Gram-pasitive yeast-
like bodies and Gram-negative bacilli.

The following notes were ma.de in the Bactenologlcml Log on March 9th,
1912 :— ’

A wound about five inches long; one inch deep and half an inch wide, with a loose,
sloughing centre was observed on the body of a Weddell seal lying on the foreshores.
There was abundant exudation which had dr ropped in several places on to the ] ice to form
yellow, frozen piles. The slough could not. be secured, but some of the exudation was
carried back to the hut for the purpose of making cultures. Smears were made from
the suppurating wound of a young seal calf and stained with Jenner’s. '

- There were many degenerated leucocytes, very granular arid crenated ; apparently
" polymorpho-nuclear. Bacteria were very numerous; cocei of va.ryiné size were present
- a8 well.as cocco-bacilli, grouped in pairs, and long, thick, bacﬂlary rods. (Plate 13,
figs. 15 and 16.) : _
Two, cultures were made on serum agar from the pus of the adult seal’s wound.

12-3-12.  After 24 hours at 37° C., a fine, smear-like, somewhat opaque growth
.bas appeared, and in 72 hows there was a well-defined, waxy growth with a dull-white
- sheen, along the line of the stroke. The bacteria present are streptococcal chains,
staphylococcal bunches, cocco-bacilli arranged 1n-pairs, and nmny curved and straight
bacillary rods. :
16-3-12. Subeultures, eight days later, show circular, white colonies’ (like
Staphylococeus - albus), a translucent smear (cocco-bacilli, airanged in pairs, mixed with
*short bacilli and longer bacillary rods); and a ﬁnegro'wth (streptococcal chains).
29-3-12. One culture from a seal’s wound appears as a white, dry growth on
serum agar; a pure culture of short coccold ba.cﬂh many oonstncted so as to appea.r
like' diplococei. .
Another culture in the form of a pale whlte firm smear contains abundant
streptococcal chains and cocei. ,
! A ‘third culture (stalned with carbol fuehsm) has stra.ight, thick, bacillary rods. .
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WEDDELL SEAL—RFCTUM

1-3-12. A stab culture in glucose agar was made from the recbuni of a Weddell
seal. It was about ten days before a fine, branching growth appeared along the site
of the stab. In several places’ there were small bubbles of gas'in the medium.

Smears show long and short bacillary rods, some with deeply stained blpola.r'
bodies; many were like: Bacillus cole comamumas n appearance:

19-3-12. Anwrobic and werobic cultu]es were made f10m the intestine of a
Weddell seal on nulrient, serum and . glucose agar.
A smear made from the la.rge 111test1ne_:, stained with carbol fuchsin, has :—
(@) Many slender, straight, bacillary rods;
(b) Short, thicker rods, some spore-bearing;
" (¢) Long bacillary tods in chaing; and
(d) Cocco-bacilli and cocei.

25-3-12. Ileum. -~ A serum agdr culture shows fine, discrete, rather opaque
colonies, examined after six days at 37° C.  In a smear, stained with carbol fuchsin,
there are long and short bacillary rods, coliform in appearance.

Rectwm.  Glucose agar stab. The medium has been broken up by the
formation of gas bubbles; along the course of the stab there is a fine, greyish growth

-and numerous, minute, gas bubbles pushing out into the medium with the lateral pro-

cesses of the growth. _
A smear shows long, short, straight and curved bacilli, some spore-bearing.

26-3-12. Sigmoz'd flexure. * Gelatine stab. The medium is full of gas bubbles
as in the previous culture; a fine growth 1s observed pushing out in lateral offshoots

_ into the medium; some liquefaction.

There- are long and. short, stout and s1ende_r bacﬂlary rods.

27-3-12.  Rectum. A serum agar slope has numerous greyish, circular growths'
which show ‘a diversity of bacilli; slender, thick, short and long, straight and curved
forms; a few cocco-bacilli; many spores and spore-bearing bacilli.
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28-3-12.  Rectum. An anmrobic culture (agar slope) shows a filmy, grey smear
along the course of the stroke. A few short baeilli very similar to Bacillus coli comamunas.

29-3-12. Rectum The glucose agar stab (descubed on 25~3 12) has la.lge,
stout ba.m]h ~many of which are curved. B1polar staining is ver vy noticeable in some,
bacilli; in others the deeply stained portions are eccentrically’ placed.” There are
_also large, involuted forms containing as many as four dark granular bodies. ’

e

30~ ‘3 12.° Sigmb%d flexure. © A subéultﬁre on ggar made fr oin the gelatine stab:
(26— 312) has a smgle civcular, colourless colony, after 36 hours' at 37° ¢. " Long and™

short baclllaw rods, some > Spore- bearing.

Frozen: Facss. Ce e Co

Frozen faces of seals and penguihé’ could be seen along the:icy foreshores in the
summer and, autumn.'  During the, wirnter the hea.vy falls of snow accompanying the
bhyzards oblit erated all traces of excleta The liquid- feeces of the penguins are either

pmk—posmblv from the lar ge number of Tup]zausza (pink crust‘mceans) they consume—

or dirty green from biliverdin plgment The excreta of the Weddell seal are either
blackish or chocolate-coloured. - T

Al . " : 5. "

30-3-12.  One chocolate-coloured lump which had been, from observation, in

st for six weeks, was chipped .off from the foot-ice, and taken back to the Hut. An

" agar slope was inoculated, and after 48 liours af 37° C. is covered with a rapidly growing,

greyish smear. Numerous short, stout bacilli and longel, thick forms; ma.ny are
typlcally cohiorm in appemance

\

16-10-12.  Weddell Seal.  Rectumi. Two cultures (dgwr slopes), inoculated

from the rectum, show greyish, circular growths which appear on smears as short and.

ey

g
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longer,  stout, -somewhat coccoid bacilli (m length du to 3:6p); some being spore-
bearlng, a few elongated and curved forms, - v oL N

' SEA-LEOPARD. (Stfmork dmchus leptonyx.)

3-11-13. ‘A smear from the la1ge intestine, -made on a glass slide and stained
with catbol fuchsm demonstrated the presence of many rod-like bacilli of various
_sizes, similar to those. found. in the intestine of the Weddell seal No culture tubes
; were avallable . '

A ADELIE PENbﬁIN (Pygoscel@s adelzaz) B
(1) 4-3-12. Rectum. An agar slope ‘after three da,ys at 37° C,, had along the

‘ 00111 se of the stroke a’ ﬁne glistening, greyish smear whlch died - out and drled after

s1x days ' In: smears the1e were shmt stout bacﬂh showmg blpolar stalmng

. " 7—3 12. A glucose agar sha,ke culture was, after a few day, broken up exten~
sively by the formation of gas bubbles in the medium. A few greyish, elliptical growths
could be discerned.  Stained smears contamed long and short, stout, and, in some
cases, curved bacﬂlmy rods.”

13-3- 12. An anwrobic culture on ‘an agar slope (usmg pyloga.lhc acid and
pota.ssmm hydrate) 1s ridged along the course of two stlokes but no orgamsms ca.n be
Jfounds - L © e e T T

Lt ot ne - v o a

e
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{2) 1-4-12. Rectum —A smear, stained with carbol fuchsm, shows long and
short stout bacilli and a few slender fonns T

Lower Intestine.—Numerous bacilly, l(_)ﬂg., short and stout; some chained, some
with polar staining, or with a deeply stained area near.the middle of the bacterium.

N

3-4-12.  Initestine.—A serum agar slope, after 48 hours, shows a milk-white
growth terminating below in a greyish smear. The white growth appears as cocci
and staphylococcal bunches; the lower pa.rt of the growth ag bacilli of a cohfoun type

~ Intestine.—A pale, greyish smear on an agar slope after 48 ]}0111'3. " Slender
block-like bacilli (see sketch), some arranged in short chains and deqée packets, with
orgamsms of the coliform type, as in the previous culture Bipolar staining was marked
In some cases. :

Intestine.—Glucose agar shake. The mediumi is distupted by gas bubbles; no
definite growths can be made out, although smears from cloudy areas contain a few
modera.tely long, straight, stout bacilli. .

- 8-4-12. Lower Intestine——An anzrobic culture on an agar slope is visible after
9 days at 37° C., as a pale, glistening, somewhat gelatinous, warty grdwth, with some
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corrugation and p1tt1ng. Th> bac_llh are represented as short and long, slender reds;

_ the longer (15n to 20u). being{ much ‘attenuated, curved and polymorphic in character.

. Unfortunately this cultui;c’e was Iost.
B ' r'
10-5-12.  Frozen Emm ela.—A speclmen was secured from the snow ad;[ommg
a roo]\ery, six weeks after the )1rds had gove to sea.

\ﬁ
After four days at 37° C, an agar slope shows a browmsh smeary growth partly

OVergrown with waxy, white c¢lonies.
v .

Cocei in staphylococcal bl;.nches and bacilli very similar to Bacillus coli communis.
' i . : .

: ‘ % . .
14-10-12. A scraping frl‘am the lower vntestine (stained with Leischmann) has
epithelial cells, red blood corpus cles, leucocytes and numerous bacilli 10d-sha.ped and

~ block-like (2u to 3-5p in length) i} cha,laotel

19-10-12. Lo'wer Intestine.—An an®robic agar slope culture, after five days at
37° C., has grown two circular, dull-white colonies at the upper part of the slope; there
is (%) contamma.tlon below by a growth somewhat similar to Bacillus subtilis. A few
cocel and cocco-bacilli observed. E ‘

*éoals—c Vor. VI, Parr 3. ' ‘

g
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" SouTHERN .Sxvua GULL (Megalesms antarctica). ’

15—-3 12. Smail I'ntestme —A covér-glass prepar ‘Lt]}Oll (stamed with carbol fuchsin)
shows a few 00001 and cocco-bacilli Bacteua are ver y scarce over the whole ﬁeld

Rectum. ——Many bacteria, coliform in 'Lppezuan« e, assocmted with cocci and
cacco- bacilli; a few long, curved forms.

18-3-12. Two types of colomes are v1s1ble on @ serwmn agar slope, after threa
days at 37° C.: '

(@) A pale, gleylsh growth of megular form ;

(b) Discrete, somewhat opaque, small cireular color ies.
Mot

(a) Short bacillary rods coliform in type. .
(6) Long and short, stout bacilli; some are 111013 slender and curved; some
are sporing, and others are in sho1t cha}'ns ,

A subculture was made from (b). . Y

i

Small Intestine.—The serum. agm* slope (18-3~ 12) I cover ed with a generalised -

brownish smear. Short rods, associated mth a few longel forms; a few cocco-bacilli.

Small Intestine.—Along the course of a stroke o, j ?wm(mt agcm‘ thele is'a ]mezu,
pale, -greyish smear. - Bacilli very, similar to. Bacillus olz CONINUMS, togethe1 with a
longer sporing bacillus. . ," . _ ‘ ‘ : ‘

19-3-12. Recmm The subcu]tme ﬁom (b) ]ms somewha.t ,opaque, small,
circular colomes - Numerous thick bacilli, of varymg length sporing. '

Rectum. —A‘ stab in glucose agar shows after a | lfew days an air-bubblé along the
course of the needle -Another larger bubble invades the medlum There is a fine
greyish growth. Bacilli, coliform in appearance. ;1 ' o

£
Rectum.—A glucose agar shake culturé has begfome infected with mould.
. 72 N

27-3-12. The subculture of a whitish colopy, made on 19-3-12, is apparent on

C., as a white, waxy growth. Small,

an agar slope‘, after-eight days’ incubation at'37° )
f

sholt slender bacilli, sporing.

Rectum.—The subculture on agar of a ﬁne pale colony appears.as a diffuse pale
growth; cocco-bacilli similar to forms pr ev10us‘ly seen.

\ ' © . Snxow PErREL (Pagodroma nivéa).

29-4-12. In smears (stained with carbol fuchsin) fom the upper and lower
intestine (near the rectum) the micro-organisms were very sparse. A few coceo-bacilli
were observed, after looking over seveml ]arge fields.

~ .Cultures on serum and nulrient agar from the 1ntest1ne and rectum produced
no growth Along the course of a stab in gelatine a falllt pa.le yellow fringe was obselved

but no bacteria could be stained. - R SN

—
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F 11-5-12, Louer Intestine. __After 14 days at 37° C., a glucose agar shake culture
contains a few, minute; gleylsh elliptical growths (v1ewed with a lens) ;. no formation.
of gas. e

Smears demonstrate numerous micrococei -and cocco -bacilli.

Sinall Intestine.—A fine, greyish growth appeared .on a serum agar slope after' ‘
10 to 14 days at 37° C. ~Some large cocei and cocco- baulh similar. to those seen in the
previous culture. :

N
1

Lower Intestine.—A -serum agar culture, after '10.to 14 days, hds a blowmsh

's;mea.r along its sloped surface. TLong and short bacllh, some chained; a few cocco-

bacilli, ,
An agar slope subcultme, made from the precedmg, ploduced after 48 hours at
37°C., a 1ap1dly growmg, dull-white smear with a few outlying clreulal colonles Long
and short, thick and slender bacilli (none coliform’ in appealance) lalge cocel and
gocco-bacilli- as* below :— : : :

ANTARCTIC PETREL (Thalassaeca anta’rctzca)

- 20-4-12. A smear (stamed with carbol fuchsm) from the rectum shows a very
few, straight, slender bacilli (54 to 6p In length) some cocci and (2):cocco-bacilli,
epithelial cells and débris.

In a smear ‘from the_lower intestine there are slender, straight bacilli similar to
those seen in the 1ectum but more numerous.

No bacteria can be seen in the smear from the upper intestine.
. Lower Intestine.—No growth was obtained on serum agar. .
Rectum.—No growth was obtained on serum agar.

Lower Intestine.—No growth along a stab in gelatine, mcubated a.t 15° to 18° C.
No liquefaction of the medium or obvious gas-formation. The gelatine was very brittle
and split in every direction. S ’ :

. 11-5-12.  Lower Intestine.—In a glucose agar shake culture there are a few straw: /
coloured, lenticulir growths, after 10 to 14 days at 37° €. Some cocei and diplococel.
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27-9-12. An Antarctic petrel was examined 48 hours after death. Smears -
(stained with carbol fuchsin) from the stomach,. jejunum, ileum, lower intestine and.
rectum were made. A few very slender, short bacilli were seen; some cocco-bacilli (%)
and cocci. There was a marked absence 6f bacteria in all-the smears, and one had to
travelse many fields before picking one up. '

Culture tubes were 1noculated from the small mtestlne, lowet intestine and
rectum. ‘

1. Small Intestine—Small, white, papilla-like colonies grew on a serum’ agar
slope. Cocci and diplococei in masses; large cocel (twice the diameter of the first-named);
cocco-bacilli, and a very few, slender, bacillary rods. '

2. Large Intestine. —Small, circular, disciete,l pale colonies were visible on an
agar slope. Cocei and diplocogei, separate and in bunches.

3. Rectum.—There were similar colonies on agar to those seen in the previous
culture. - Coccl and diplococei, separate and in bunches.

4. Small Intestine.—A pa.,le, fine growth appeared along the course of the stroke

on agar. Large cocci similar to those found in (1.) ~ o S
Subcultures were made from (1) and (2). ‘

(1) Glucose agar slope—(a) A pale, liquid smear, and (b) a few GlICllla.l white -

~

colonies.- - , -
(@) Yeast torule.

"(b) Small cocei in massés.

(2) The agor slope has (a) circular, glistening white colonies growing rapidly, and
(b) a pale smear. :
(¢) Bacillary rods, block llke, 1 4,u. to 2-8u in length and

() Yeast-like orgamsms

. Several of the subcultures afterwa,r'ds beoame infected withv mpuld.

. .
4 ’
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Cop Fisu (Nototheniae)

It appears, f1om scientific 1ep01ts which have already been pubhshed ‘that
Notothenia coriiceps .18 the- specles most. commonly found in and around the boat
harbour at*Cape Denison, Commonwealth Bay. The temperature of. these fish
corresponds almost ekactly with that of the sea-water (usually about 29° F.).

They and another similar species; Trematomus bernacchit, seem to be the only
'fish inhabiting the shallower waters close to the land; in fact they live amidst the
kelp weed, - and it is here that they may be caught most readily by hand-lines or traps.
. In appearance they are very similar to the small “ rock-cod ” —and pleseht the same -
variety in colouration—which thrive amongst the inshore rocl\s and seaweed anywhele '
along the coast of Australia.

It 1s ploba,bly on account of their more or less secluded existence amongst the.
serpentine masses of kelp that these small fish escape the depredations of seals,
sea-leopards, and ‘sea-elephants. In fact, when they are very young, they are liable
to be eaten by penguins, which for at least six months of the year infest in their millions
the shores of rocky outcrops and islands {ringing spa.lsely the ice-bound coastline of
Antarctica. So it may be understood that fish are relatively scarce in the shallow
coastal zone, and the same rule holds good in the case of Macquarie Island, situated in
Sub-Antarctica. -

. Two cultures were made from Nototkema comzceps — :
10-5-12. Lower Intestine. —(Nototizema coriiceps). A serum agar slope, after 24
- hours at 15° to 18° C., shows a few pale, circular colonies, each at the bottom of a pit of

liquefaction in the meditim. Slender bacilli, long and short.

Rectum.—(Notothenia coriiceps). After 48 hours at 37° C. an agar slope has a
" few small, circular, pale, slowly gmwmg colonies. Large cocci in staphylococcal
masses and some COCCO- -bacilli.

t

’

SMEARS FrOM MammaLs, Birps, aND . FisH.

;A large number of slides were prepared, at various times during 1912 and 1913,
from smears of intestinal contents. These were mostly stained with carbol fuchsin -
and packed away in boxes. The slides were not finally examined until three years .
after their arrival in -Australia, owmg to'unavoidable circumstances. Meanwhile they
* had been kept in a dark cupboard and were in a good state of preservation when' viewed
under a n1101oscope The particular smears described below were, first of all,
decolourised in acid alcohol, and then re-stained by Gram’s method. -

_ WepneLL SeAn (Leptonychotes weddelli).
“Stomach.—Bacteria are not numerous. _ :
(1) Small, oval, Gram-negative bacilli (-5p in length, 2u in width), ocourring .
typically in twos and like diplococei in appearance. ' : '

(2) Gram-positive micracocel (-2 in diameter) were in greatest numbers,



)

2) Many Giram- -positive cocel (-4p to -5u.in diameter). =

(8) Slender, Gram-negative bacilli of varying length; often in twos or short chains. -
) | |
)

~ (4) Gram-negative, coliform bacilli are represented.
(

(4) Gram-positive micrococei {-2p to -3p in diameter) and dlplOCOCGl

H

AUSTRALASIAN ANTARCTIC EXPEDITION. .
(3) Some slender, Gram-negative bacilli (about 2 in length).

Small Intestine.—Bacteria are plentiful.

(1) ‘Oval, Gram-negative bacilli (2u in length, ‘lpt in width), showing mofe

elongated and definite bacillaty forms and ocewrring in  twos, adhermg
together the smaller groups closely resemble dlplococol '

\
5) Gram-positive micrococel (-2 in diaineter).

Rectum. -—Bacterla are Very numerous. °

(1) Stout, Gram-negative, spormg bacilli, of vamable size (4p.In average length,

1-2p in width) are most in ev1denoe Their arrangement is commonly in
“twos, end to end. '

( ) Slender, Gra,m-nega.tlve bacilli (3-4u long, -3p wide) occur smgly, in twos or m
short chains. Some bacilli have small nodules deeply stemed or olear spaces
in their protoplasm. :

(8) Gram-negative, coliform ba.oﬂh

(4) Grag:n positive cocci”(-3p in dlemeter) and d1p1000001 . S

- SEA—LEOPARD (Stenorhynchus lepton J.’B)

Stomach ~—Bacteria are’ sparse in nimbers.

Q) Glam p031t1ve miicrococei (-2 in dlameter) and dlplococcl

(2) Gram- -positive, short, slender bacilli (-6 long a.nd 1p- w1de)

Small Intestine.—Bacteria are in modelate numbers
(1) Slender, grar-positive rods (1-8p in length, 2;L n w1dth)

(2). Stout Gram-negative bacilli (3-4p in average length, 6,w m w1dt]1) which. ‘are
variable in length. .

(3) Slender, Gram-negative bacllh with short and long forms. .

Caecum.—Bacteria are very plentiful.’

(1) Stout, Gra.m-nega.tlve, sporing bacilli (4 1p in average length I 3,u, m w1dth)
most often arranged in twos, end to end.

(2) Very slender (-1p in width), Gram- negatlve rods (Q,u in length), occunmg smgly
oI chains of three or four. :

(3) Gra.m—nega.twe, coliform bacilli.’

(4) Gram-poesitive cocci (-3 in dw.meter) and dlplOCOGGl.



- (4) Short, Gram-riegative cocco-bacilli (-5 1n length).

(1
{2) Gram-positive micrococei (-2u in dmmeter) and dlplococcl
(3

:...(2).Some short, Gram-negative ba,cllh, a few 'curved. .

- BACTERIOLOGICAL, AND OTHER RESEARCHES—MCcLEAN. g

ANTaRcTIC PrTREL (Thalassoeca antarctica).
* Stomach.—Many bacteria are seen, chiefly (2). o o oy

(1) -Slender, Gram-positive bacilli (3-4u in length, -3u in width).,

(2) Glam -positive micrococel {- 2p to. -3 In dlameter) and dlplococcl
Small Intestine—Bacteria are in fair numbers. '
(1) Gram- pOSlthG micrococel (:2u to -3 in d1amete1)

(2) Very slender, short, Glam posntlve bacllh (1:5u 1n length, -2u in w1dth) some
_ elongated forms.

(3) Gram-positive, bean- shaped cocel in palrs (*5u in longest dlameter)

Rectum.—Bacteria are in moderate numbers:
(1) 'Many Gram-positive micrococei (-2u in diameter) and diplococel. .
(2) Gram- nega.tlve somewhat cohform bacilli.

(3) Gram- -negative, stout rods (3 4p in average length, . Sy in w1dth)

SNOW PrTREL (Pagodmma mvea)

Stomach. —Bacteua are fairly numerous.

) Large, Gla,m -positive diplococel (1-14 in dlameter) are most. 0bV1ous
) A few short, slender, Gmm-pomtwe rods ’ _
Sinall  Intestine.—Gram-positive mlcrococm and dlplococcl are plentlful no

- bacilli seen.. . . - . . o _ Cs
Rectum. —Ba.cterla are numerous. . -
(1) Gram- -positive diplococei (1- 1p or more n dla.meter) are most plentlful

| (2) Slender, Gram-positive rods (from 2-5u to 5p in length 2p in width).
"t (8)- Glam—posmve bacilli- (2-51 in average length 6p 1n tluokness) arra,nged'

singly or in chains of three or more.

(4) Thick, Gram- nega,tlve spormg ba.cﬂh (2-5u long, Sp w1de) somewha.t variable
m length.. - -. - I . : )

(5) Gram-positive micrococei. (-2u in dlameter) and diplococei. -

GIANT PETRIL OSSzfraga gzgantea)
Stomach.—Bactéria are.in fair numbers. . -

(1) Short, slightly curved, Gram-negative bacilli.

(2) Gram-positive micrococcl (-2u in® diameter) and diplococci are in ;fgriaater .

number.
Swadl- Intestine.—Bacteria are in moderate numbers. - A
(1) Gram-positive micrococci (-2u in dlameter) and d1plococcl -are " In greater
number, often occurring in masses. SN , - )

kY
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Rectum.—Bacteria are very pleﬁtiful. (Plate 13, fig. 13).

(1) Stout, Gram-negative bacilli (3-4u to 8- 5p in-length, -8u In average width),‘
arranged singly or in short chains of two or three bEl.GlHl single, spore-bearing
forms. . -

(2) Gram-negative bacilli similar to Bacillus coli communas.

(3) Gram-positive cocei (-2 to.-3p in, diameter) and diplococei.

WiLsox PETREL (Oceanites oceamcus)

Stomach —Bacteria are very sparse A few ‘Gram-negative cocco-bacilli (1p in
length, or smaller). '

Small Intestine.—No bacteria are seen.

Rectum —Bacteria are féw in numbers. ' ' Lo
(1) Very slender, Gram-negative rods, most often in short or long chams (3-4p in
Ja,verage length, -1 in width).
(2) . Gram-positive cocei ( 2u 1n diameter)- and dlplococcl

PrioN (A4 new species, very wmlar to Prion’ banksis).

Stéinach —No bactéria. are visible.

' .Rectum —Bacteria are very sparse.
(1) A few, very slender, Gram-negative rods (1- 7l.L in length, -1p in \Vldth)
(2) Gra.m—poswlve micrococei (-2u in diameter) and diplococei.,

~ Emperor PENgUIN (Apte')jwd yles forsters).
Stomach.—Bacteria are in moderate numbers. _
(1) Gram-positivé micrococel (-2u to 3[.L m diameter) and d1plococcl are in greatest
number. : '
(2) Thick, Gram- negatlve Bacilli (3-4p long, O \Vlde) .
(3) 'Gra.m-nega.twe cocco-bacilli (1 in length, -8u in w1dth).

Small Intestine—Bacteria are fairly numerous. :
(1) Gram—nega,tive bacilli (3-5¢ in averége length, -9u in width) which vary greatly
‘ in size; they are arranged singly or in twos. Some elongated forms reach 14p.
(2) Many Gram-negative bacilli are like Bacillus coli communis in appearance.
(3) Gré.m-positive micrococel (-2u to -3p'in_diameter) and diplococci.
Rectum.—Bacteria are very numerous.

(1) Thick, Gram-negative bacﬂh 34 In average 1ength 1-1p in width) havin'g
elongated and curved forms. o

'

) Gram-negative bacilli, very similar to. Bacwllus cols commumas. . . ~

(2
(3) In greatest number dre masses of Gram-positive cocci (-2 to :3p in diameter).

4

<3
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ApELIE PENGUIN' (Pygoscelis adeliae).
Stomach — Bacteria are very few, .
(1) Smg]e Gram-positive bacilli (1-7u in ]ength -4p 1 width).

(2) Gram-positive micrococe (- 2u to -3 in diameter) and diplococei.

Duodenum.—Bacteria are sparse.
: (1) Gram-positive micrococei (-2u in dia.m'éter)l
(2) Slender, Gram—posmlve bacilli (Q,u in length 3p in width).
Small Intesmw —Masses of Gram- p0s1t1ve cdocel (-2u to 3,!1. in diameter) are

numerous; there are COCGI in short chains; no bacilli seen.

Rectum.—Bacteria are very plentiful.

'(1) Numerous spore- beanng, Gram- posmve bacﬂh (3 4,L mn avemge length, -9u in
Wldth) occurring singly, or in twos, end to end, at an obtuse angle.

(2) Gram-negative bacilli very similar to Bacillus coli COMIRUNIS.
(

3) Gram-positive micrococel (-2 to -3p in diameter) and diplococei.

Skua GuLL (Megalestris amtarctica).

Stomach.—Some Gram-positive micrococci (-2p in diameter) and diplococci.
Small Intestine.—Gram-positive micrococei (-2p in-diameter) seen; no bacilli. )
Rectum.—Bacteria are very numerous.

(1) Gram-negative bacilli, very similar to Bacillus coli commumis.

(2) Stout, Gram-negative bacilli (3'59 in 'a.véra,ge length), bearing in some: cases

refractile spores; often in pairs; end to end; some elongated forms.
(3) Slender, Glam-pOSItlve rods (2:2p In length -3u In \Vldth)

No cocet seen in the smear.

COD FisH (Nototkema comceps)
Stomach.—DBacteria are few In numbers.

h 1) Slendel Gram- negatlve bacilli (1-7p in length 2u to- 3,:, In width), some a htt]e
- curved; elongated, curved forms ocoaswna]ly seen. ‘

(2) Gmm-pomtwe mlclococc;l (-2p in dlameter) and diplococci. -
(8) Gram- nega,tlve cocco -bacilli (ly, long, 5,u wide).
Intestine—Bacteria are fairly numerous.

(1) Slender, Gram- -negative bacilli of varying length (3 4,u, in average length, 24 in-
~width); mostly single, otherwise in pairs.
_..ﬁ-(z)-_-G‘-Ia‘m-POSltlve-llllCI‘OCOCGI (-2p to -3p In dlameter-)*apd diplocoecidn greatest .
number. ' ' \ “
(3) A few small, G-mm-negative cocco-bacilli.
*20218—D  VoL. VII, Part 3. o



o

26 .- AUSTRALASIAN ANTARCTIC- EXPEDITION.

CHAPTER 11.
ANTARCTIC BACTFRIOLOGICAL INVLSTIGATlONS*

CULTURES FROM ANIMALS.

Curtures from a number of mammals and birds killed in' Antarctica were recelved
In a number of instances, as for example in the case of the Ross Seal, no bacteria had
grown on the culture media. In the majority of instances, however, growth of a
coliform  type was present, and these cultures were fully investigated to determine
the type of bacillus.present.  In'a few cases sporing bacilli were met with,.and in one
case where cultures were made from the wound of a seal, stleptococcl and staphylococel

were found.
Most of the cultures were made in these cases. from the 1ectum of the killed

‘anitnal, which would account for.the preponderance of coliform bacilli.  The cultures

were mostly on agar slopes, but gela.tlne and serum slopes and g]ucose agar stab-cultures
were made in a n111nbe1 of cases.

. CraB-Eater Sear’' (Lobodon carcinophagus):
Six cultures from this animal were received. .
-8-1-14. Agar stab.—No growﬂl.
.8—_1—14: Agar slope.;(jolifofm growth,
16-1-14. Agar slope;.fNo growth., .
16-1-14. Gelatine—No gl"ow,th; ‘ »
o 17-2-14. Gelatine.:—Grthh; liquefaction.
»17-2-14. Agar slope.—Coliform growth.
Subcultures were made from all on agém slop\es No growth occurred on three;

and as the original cultures had shown no growth, the former were discarded.. The
remaining three showed a coliform growth. : : .

Emulsions were made from the subcultures, and one loopful of each was plated
on agar. Six colonies were then picked off from the plates on to agar slopes. Two
of the cultureés showed éoliform‘ organisms only, the third showed coliform bacilhi and
a Gram-positive, sporing bacillus. : '

The coliform organisms were tested on the “first five sugals "The sporing
bacillus was plated and also pit on to gelatine and potato. '

On aga.r plates, its colonies were whitish, large and 111egulfu fiat, not mlsed in

. the centre, edges 1r1egula.r, filamentous, giving them a fluffy. (Lppefuance

On agar slopes a dense, white, ﬁlm ll]\e glowth wag ploduced

* The following report, compiled bv Drs. J. B. Cleland, 1. W, ]‘(‘1511«011 and K. &mlth isa summnn of pmt of the
work ‘[om, on vario. s specimens submitted to the Bureau of Microbiclody, Sydney.
T Yide Table. o S . o 3

i
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‘ On gelatine, liquefaction occurred in. 24 hour 5. After four days, liquefaction
‘extended to the depth of the stab, and growth was in the form of a ﬂocculent deposm at
the bottom of the liquid. R

On potato.  After four days growth is shghtly moist, film- ]JLe shghtly wrinkled,
greyish- ye]low in colour, but pale ar ound the edges.

’

WEDDELL S]_s,AL {Leptoviychotes weddelli). " -

Five cultures were submitted froni this animal.
T\Vo'gllléose agar st'a.b-'cultures from the rectum, one dated 16th December

- 1913, a.nd another undated showed no growth These were 1eplated but w1th negatlve
results

The other three cultures, on sloped aga,l showed a glowth of Gram-negative
bacilli of a coliform type.

One tube was labelled,. Sea,l Rectum 2nd J an., 1914.”  The other two were
subcultules and were dated “2nd Feb.” and “ 17th Feb ” 1espect1vely

These cultmes were® subcultured, and emulsions. were made ‘from the growth.
A looptul of emulsion from each was plated on agar, and six colonles were picked off
on to agar slopes and inoculated into the “ first five sugars.”

Glucose agar stabs -were ‘made from the original stab-cultures submitted.
Apparently no growth took place.  On staining the originals, short and long Gram-
negative bacilli were present. The same organisms were found to be present in the
subcultures on ma]\mg smears. T '

‘ Wouxp o WEDDELL SEAL (Leptonychotes weddelli).

‘Cultures were forwarded which had been made from the wound of a Weddell
seal:  Bix original cultures were made; four on sloped agar, one stab in glucose agar,
‘and one on serum.  These were dated, “ 27th Dec., 1913.”  In addition, two sub-
- tultures on sloped agar and dated 1espect1vely, ““ 26th Jan., 1914, and “ i7th Feb.,
1914,” were sent. ‘

Cultures dated. ' . , No. in Laboratory List,

©27-12-13 Agarslope .. ... L. e 20
£33 . . 3 ’ e cea " ‘-.. see . ..: 3

» »
S Serunyslopé‘
. » . Glucose agar stab
26-1-14 Agar slope subculture
17-2-14

o ;.; - A L T e Sl

A~ ® o &
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- From these elght cultures, twelve subcultmes were made on a,ﬂeu, on the 24th
Ecblua.ry, 1914 : ,
Subcultures. : ‘ ' | . 2 ¥
No. 1. ' Gram-positive cocci inchains.

e

2. o, - (staphylococel).
2b. ., . . 1n chains.
. 3. T, . - .
: 5 . (staph lococci.
. 3b.‘} . (staphylococei)
4. » (streptocooel)

4b. Gmm -negative myoehum, Gram- posmve yeast-like bodles
G1am posmve coccl (staphylococol)

6b. (?) No growth. =~ -~ & -

7. Gram-positive cocei (streptococei). -~ <

8. Gram-negative, (?) mycelium or bacilli.

" Further subcultures were made on 24th March, 1914. Nos. 1, 2h, 4, 7, showed
fine colonies’ of Gram-positive cocci (2 streptococci). - From these, tubes of bouillon:-
were inoculated in which a fine flocculent growth, gmwtatmg to the bottom of the tube
was produced On staining, long chains of stleptococol were present.- . =

These bouillon: cultules were then plated, and sepamte colonies picked off and
tested on the sugars.” ' : :

Subcultures Nos. 2 3, 3b 5, 6 showed a dense. white glowth like that of

Staphylococous albus. =~ : .

Subculture No 4b showed no evident growth, but on staining, a few lengths of
myecelium were detected.  Later the culture-was overgrown with a mould.

Subculture No. 8 showed a doubtful, very fine-growth.  On staining, irregular
"Giram-negative bacilli, modera,tely long and thick, were found to be present. -

The . subcultures showing Staplajlococcus albus were mocula.ted on to gela.tme,
a,nd left at room temperature. o

Nos 3, b, 5, 6, showed a whitish growth down the needle tmc]\, splelmdlng out on
- top. - No hquefactnon of the gelatine was produced in 24 hours; after four .

days shight liquefaction appea.red at the top. :
No. 2 produced liquefaction of the gelatine in 24 hours, fmmmg a dense, w]ute
precipitate at the bottom of the hquld a,nd a fine gmwth above it; the hquld

was turbid. . .

" The streptococci were tested on the “‘suga.rs 5 three colonies being picked off
from each plate-and inoculated into gluCOSe, ma.nmte, Ia.ctose, saccharose and raflinose,
~ and also into litmus milk. . ~ -

After 72 hours no cha,nge was obselved in these medla

-

7o
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After 21 days, one culture froni No.'4 and one from No. 7 Showed no change
" the other cultures all showed acid in glucose o

No change was produced in the milk.

In gelatine, liquefaction was observed in all the cultures.

T o
S A

WAND]:RING ALBATROSS (Dzomedea ewuloms)

Three cultures on slcped agar, gelatine and glucose agar (sta.b) made 200 miles
south of I‘asmanm, were submitted.  The cultures were dated 24tll February, 1914,
and one (the agar slope culture) was labelled rectum,” the others not being so labelled,
though presumably these: cultures were ‘also made from the rectum. ~ On receipt,
subcyltures ‘on sloped agar were made from the original cultures and showed Gram-
negative ba.cllh., Emulsions were then made from the subcultures and plated on agar;.
- one loopful ‘of the emulsion being added to each plate.  After incubation,. each plate
[showed an extensive growth of confluent colonies of a’ coliform type.  Six .colonies
were picked off from each plate and cultured on agar. From’ these cultures, vluch
showed a pure growth of a Gram-negative,. colon-like bacillus, the * first five sugars ”’
: (glucose, manmte dulecite, la.ctose and sacoharose) were mocula,tecl ' -

‘ In a,ll three cases the six subcultures showed the same rea,ctlons on the sugars,’ s

giving “A. and G.” after 72 hours’ incubation.  As the sugals " reactions of all the
" coliform crga,msms 1solatcd from the vancus ammals were detelnuned at the same
tuue 1t wﬂl be more convement to dlscuss them togethel

b e . . . . .
I - . L

SI\UA GULL (Megalesms antarcmca)

R Elght cultures from the slxua. gull' were recelved the ougmul cultures lla.vmg
. becn ta.l\en from the 1ectum of the bird, and subcultures made at intervals. In the
. following list, the cultures are arranged'in a.ccordance with. the dates on the tubes i
' " 16~ 12—13 Agar slope e e Cohform growth, . v

» Glucose agar stab . ... Growth.

6-1-14 Subculture( )a.gar slope ... Coliform growth:

14-1-14 Subculture-(?) ... - ... ...‘.Fiue'growth.
_ 14~l 14 Agar slope - ...~ e Coliform growth.
‘ 26-1-14 »Subculture,-agar slope.' Coliform 'growth..r
'>7—_2—14f. Subculture gelatine ... Growth.: -.
17—2—14, Subculture, agar slope ... Coliform growth.

: Sllbmﬂtllles were made from all the cultures on ‘agar slopes In all; Gram-
-négative bacilli of a coliform type appeared. - In the subeulture from the -gelatine,
" arge Grarh- p031t1ve bacilli were also present " o - A
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Emulsions were made from the agar.subcultures and plated on agar, one lo‘opful_
to each plate. Three colonies were picked off from each plate, subcultured on agar
and transferred to the “ first five sugars.” :

.

Sucar . REACTIONS.

‘MILK.

s . ?s: . o = & < @
- Q ] @ & & g = & = 2 -1 H - &
¢ |z 8|5 |5 | 812|815 |8]S:% slcielal|lE &2 i
ol T | 729 |2 g 2R LE|" 5 @l E |2 lal5S| < ‘
ahatross .. A | A | ¢ laclac|ac|aclac|aa) .. A Acaclactaa] LU | 2 cultures; 7 days
. . e . , - ~ readings.
skan Gull,.| A | A ] ¢ A |ac|ag|aclac]ac] o jaG] L lAaalalAac] L] ) o "
CWeddellsaall A | € L€ JAG|AG|AG|AGTAG|AG] L [AG] L | [AG|AG]AG|AG . .
Crnb-enter e . . . .
CSeal 2l A | A|C|AGIAG|AGIAGIAGIAG] . [AG| ... | . [AGIAGTAGTAG| ... | 0] .o | Leulture; Tdays’ read-
: " ll]gﬁ. .
o - B AT A C[AGIAG|AG AG|AG{AG| ... |AC Jdlaclaciac) o o I N "

Coliform organisms from the wa.ndenng albatross, Weddell seal, cmb eater seal

Iand skua, gull were tested on the sugzus

The procedure adopted for thé isolation of the coliform bacilli was the same in

all cases. It consisted of subculturing from the orlgmal cultures, plating on agar an
emulsion from the subcultures—one loopful to each plate—and picking off from the plate
separate colonies on' to agar slopes. From these agar slopes the 01gamsms we1e

' 1nocu1ated on glucose, ma.nmte dulmte Iactose and saccharose. -

Y L.

In these five ““sugars” all the cultures tested gave the same reactions; the
formation of acid (A.) and gas (G.) after 72 hours’ incubation.. In some cases the 24
hours’ reading showed no change in the dulcite, but this-substance was in every case
fermented in 72 hours. On glucose acid was frequently shown, but no ‘gas. This

- result occurred also to some. slight extent on saccharose, and was probably due to the

_excess formation of acid inhihiting the formation of gas. In some instances the colour

of the medium was partially discharged; this occwiring along with gas férmation, and

to a certain extent, making the reaction acid: - This discolouration was not confined to

the “ sugar,” but occulred most f1equent1y in medla containing dulclte and saccharose.

The cohfonn orgamsms thus tested Would fall according to their reactions into
the Fnedlander-l\’eapolztanus group. To deter mine whether more than:one type belong-
1ng to thJs group: were present, the organisms were further tested on the remaining

“sugars.” The results are shown on the accompanying table. In each case two sub-
cultures derived fromi-two separate original cultures were tested on the * sugars.”

* The results of all the tests. \x'e_fe the ;sa.me‘, with ‘the éxceptioh‘ of the reaction in
:',a,licin. Both cultures from the albatross and Weddell seal, and one-from the crab-eater,
gave “ A. and G.” on salicin, while both cultures from the skua gull and one f1on1 the

“ crab-eater gave no change on thls medlum..

.
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; It is questlonable if the difference on'salicin’ alone is sufficient to d1ﬁelentlate
the organisms into two types. ’

Proba.bly i further cultures had been tested both types would have been found

present in each animgl, and it is possible, though I do not thmk probable, other types
of’ cohfo1m organisms also,

Cultures from the following amma.ls and birds gave negative results —

Ross SEAL o

Three agar slopes a glucose agar stab and a gela.tlne stab were sent from this
animal. "No grow.th wa§ apparent on the cultures, and subcultures showed no growth.

N : . PRION (of 'a new species hke Prion bamksn)
16=-12—13 Reotum Agar slope. No growth

3 » » bk
. 1 .

oy S, . (elatine. - -
26-12-13. . e " Serum. ‘ ,‘,‘
o, ", Agarstab. S,
14-1-14. - : < Agar slope. ”
27-1-14. . . Agar slope ‘ ”.

Subcultures were made from these, but showed no growth

e ANTARCTIC PETREL.
31-12-13. Agar slope ~ No growth.

- 22-92-14. » s Ly ) .. o © o
: SILVER PETREL. ;
Co v 30412418, - Serum. Nogrowth, | o
Tt . 4,77 Agarslope. - ., '
o » ET I Gelatine. R ' -

o, Syow PETREL _
. o 23-12-13." 'Agar slope. Fine growth
R ~12-13. ., stab. No growth.
14-1-14. "y slope.” 0

- B RS ~

R "Gelatine. <,

K}

‘ The culture shomng (‘?) fine growth was subcultured a.nd aga,m apparently a
g’ growth appeiired. But on’ staining, no organisms were to be seen, ‘and further
subcultures showed no reappearance of growth. ' SRS
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16-1-14, Agar slope. - No growth. C
16-1-14. Agar stab (1) Growth near top. »
Two subcultures from the a.gar stab were made on agenr slopes, but no growth

appeared ’

PeNGUINS.
\

17-12-13. Rectum. ©  Agar slopes. " No growth. -

. . Gelatine. S

’ | e | - Agar stab. (,, a
- -12-13. A Serum. Oue‘small\.colmly.
14-1-14, = o No growth.

, The eultule tube showmg the s1ngle colony was put aside for furtl1e1 examination,
but on re-examination the culture tube was found to have dried up and subcultures made

after moistening the surface with a stenle blush showed no growth,

e - ve . ~ e o

"'HOLOTHURIAN.

22-12-13."  Agar slope. ; (?) Slight growth. - Smeius showed nothing

1

s1-12-13. . 7 'No growth.

. . Cop (Notothema cor mce_'ps omd Chalmum jermem)

Elght culbures from cods were 1ece1ved all from the rectum. Severa.l were labelled
« Cod, ¥ and the others “ Notothenia’” The cultures were q.fterwards found to be
from two species of fish. -

Of the eight 01lginal eultures, four on examination showed no grl)'wth The
remaining four showed (?) growth or a fine growth The first of these was taken in
Adelie Land; the remmnlng three were Tecovered from the deep-sea trawl in latitude
64° 34" South, longitude 127° 17’ Eest -at a depth of 1,700 fathoms; temperatme
-0-3° C.; thick ooze and rocks.

b3

6-1-14. Notothenia coriiceps. . Agar stope.  Growth.
‘14-1-14, Ohaliﬁicm‘jewieﬁ. N " 'Serﬁru. '_ ljiqueﬁed (%).
1,700 fathoms. - o
20-1-14: ., . .. . .7 (2) Growth.
o, oo . : ',” S

21 1-14 ”

wtd

The cultures Wlll(’,ll showed no glowth Were dated “3- 12—13 20—1—14 'Ill(l;

i



BACTERIOLOGICAL: AND ‘OTHER RESEARCHES—McLEAN. 33 -

Subcultures were made from the four cultures apparently showing.growth. Two |
of these showed no growth on subcultures The remaining two showed (?) fine growth
as follows :— - ' T

6-1-14.  (?) Fine growth.  Stained ... Slender rods, Gram-negative ;

. ‘ . larger rods (?. mycelium)

. _ Gram-negative.. . .

29-1-14. (?) Fine growth. ~Stained ... Slender rods, Gram-nega-

' ’ i ' tive, spormg -

]jluthel subcultures were made, but showed no growth the .organisms havmg
- apparently died. !

CULTURES FROM PENGUIN Guano, -

_ A numbe] of sealed test tubes were submitted containing guano and other material
which had been gathered on the. site of rookerles_belonglng to the Adelie penguin
(Pygoscelis adclw) The contents of each of these tubes were treated in the following
fashion :— ' o

A tube was opened and a small portlon “of its contents was emulmﬁed in sterile
tap water. From this emulsion two agar plates were inoculated in each case; the
emulsion being thickly smealed over the surface One plate was labelled “ A* and
“the other “ B.” ' '

From the same emulsionetube_s of glucose broth covered with oil were inoculated,
and also glucose agar slopes, these being grown under anwrobic conditions.

i

I. Boil near penguin rookery containing guano, Cape Denison. 19-12-13.
IL. Penguin guano, Stillwell Tsland. 30-12-13. .
ILL Penguin'éua‘no Mackellar Islets. 19-12-13. ,
IV. Penguin guano and soil from a rookery, Cape Denison.’ 19—12—13
V. Brine and a little penguin guano, Mackellar Islets. 19-12-13.
" VL. Ten pengum guano cultures. o o

All six specimens were secured w1t1:un or close to Commonwealbh Bay, n la.tltude
67° 0" south, longitude 142° 36" east, a.pplomma.tely

1.—8oil, near penguin rookery, containing guano, 'C'ape Denison.
B 1941213, |
Gntty soil, conta.lmng small fragments of guano.
Plated on agar..
Plate A— . : . o
(1) One small, round creamy colony. Short, modelately thick, Gla.m-posmve g

bacilli. Sporing forms, Gram-negative, stout and oval.

Several minute golden colonies. . Short, almost coccoid, Gra.m-pomtwe -
bacilli. : s

#02186—E  Vor. VII, PagT 3,
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Plate B— 4
o (1) Two yellow colomes, 2’ Gram- posmve, almost coccoid bacllllls

(2) Two creamy colonies; a Gram-posﬂnve, _ spormg bacﬂlus showmg
degenemted forms. g

(3 ) Lalge numbels of minute blOWlllS]l colonies. These were colonies of a
,Gramrposltlve, coccoid bacillus, and of a (ram-positive coccus, (B4.)

- Subeultured on..— |

Agar. * " Serum, Gelatine. . Potato. ' Broth.
1| Whitish growth...|Whitish,wrinkled |Scanty down thetrack;a|Fine = honeycomb| ...
(o o pellicle. thin whitish pellicle on| = growth. . Med-
N : ' 1 top surroundmg punc-| ium dirty grey.
. - ‘ ture. . . - . . .
A 2|Fine growth  ...1No growth visible|No change o . No-change. (Had|l - ...... S
A I ' ' ' probably  died ‘
_ out.) . e |
B.1|Dense . - growth,|Thick .~ yellow|Scanty down the track;|Yellow growth;|Faint turbidity.
Y-l - withe C goldeni growth, digest-| heaped up in centre of| medium has| - N
=t yellow tint., - | "ing the setum. puncture, and spread-|" purplish tinge. o )

N . o ing outwards. Yellow. . . . .
‘B2{White - slimy Greyish- _white, |Scanty down the tratk;|Greyish, . raised|Broth clear above.

growth, _ slimy growth. forming = a \»hltlsh growth. o :
) _ ] _ pellicle at the puncture e
FTS AR S| I . with . irregilar ; edges| =’
' and somewhat granu
‘ ] lar-looking. : o i R
B 3/Fine, white evlo-|Very fine growth..|Very scanty down the|No change ...|Slight . deposit.
mes ' ' -« | track; mil on top. - | 1 Broth” = ¢lear .
o . - ol B . 'hbove._
B 4{Creamy white| Yellow  growth,|Scanty down the track,|Yellow growth ...|Turbid; no chain-
growth. liquefying med-{. heaped up at puncture, . formation.
: ium, creamy yellow.

.

I1. Pengum Gucmo Smllwell Islcmd 30-12—- 13

Ha.rd dn:ty, pmklsh—whlte masses of gua.no
_Plat_ed,, x o . ~

‘A. Two creamy colonies. Gram-positive bacillus; sporing forms short, oval, and
~ Gram-negative. . o . ~ : _

H

B. No growth. Plate later.loverg'rc')wn with mould from side_s. | R

Agar. Seruim. . - Gelatine. ' o Potato,
’ N . .

Al} Whitish, | White, wrinkled Scanty -down the track: whitish, | Grayish, raised growth, .
| Ailmy. growth. translucent, - opalescent growth_ mediuin purplish grey.
" growth. ' " | around puncture. T
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Y I —Pengm’n Guano, Mackellar Islets.. "19-12-13.
- Dirty-white, granu]ar matexial; ‘a few gull feathers mixed with'it. ; .. -
Plated. . o oo I e T e

AL One small, round, yellow colony, Gram-posmve coccus. -

'B. Ovelgrown with mould from sides. :

T Agar. . ' Serum. "* . h Gelatine. . o Potato.. - |- Bl‘Oti].’

Yellow growth ...|Yellow lSh growth Scanty down the track;|Yellow grm\th Turbid; no chain-
' - _yellow growth around‘ ‘medium grey. | formation.
"l puncture. - . | L o

v ——Pengum Guano and Soil from a rookem ) Cape Demson

19-12-13. R
Grit with fragments of guano. L e
Plated. :. E S '
A. Numerous crea,my, round colonies, : .
Foul colonies stained; all Gram-posttive bacllh 4 subcultmes _sporing bacﬂh
sporing forms sh01ter, oval and Gram- ncga.tlve -

B. Oveigmwn with mould from sides.

All subcultures show the following cultural characteristics :—
Agar—Abundant greyish-white growth spreading over the surface.
Serum.— Wrinkled, whitish growth, semi-translucent.
Gelatine—Varying degree of liquefaction of the gelatine, forming a cup or funnel-
| shaped depression, the sides lined with a whitish growth. |
Potato—-Greyish gr’owth, medium dirty-grey colour.

V.—Brine cmd a little Pengum Guano M ackellar Islets. 19-12-183.

“Whitish, granular material adhering to the suies of the tube as if wet.
‘Plated.
A.- One round yellowis]i colony ; Gram-positive coccus. -
"B. One pinkish colony, and mould growing in from the sides. The colony is a
Gram-positive  yeast.”

Agar.

Serum. Gelatine. | o . Potata, Broth.

Dense lemon- Yellow gro“th ...|Scanty growth down the|Yellow  growth,| Turbid.
yellow growth. track; growth heaped|  medium grey.

. up in centre of pune- '
ture, and spreading
outwards vellow.

R
i
t
|

Pink growth  ...|Bright pink Scanty down the track,|Pink,  raised|Turbid.
growth. heaped up at top, pink.| growth. :
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VL —Ten Penguin Guano Cultures. ‘

+

‘Ten culfures from guano were submltted ‘two of which, on ag:u and labelled
““Guano, Cape Hunter, Commonwealth Bay, 22-12-13 and 14-1-14,” showéd no growth,
and were d;scarded. The remaining ones showed a growth of Gram-negative bacilli
thicker than coliform bacilli, occasionally forming filaments, with central or subterminal
elongated spores. The. cultures were—one labelled “Penguin Guano,” . and the

remaining, * Guano, Mackellar Tslets.” The culture from the fitst \V{LS on gclatme, and

the remalnmg cultures were on ‘agar slopes or-stabs.

Subcultures were made on 20- 8-14. One was overglown with mould, one

' showed 1no growth and the remaining six showed the presence of a Gram-negative

sporing bacillus as indicated before. All these were subcultured on agar, serum,

_potato, and broth, and gave the same réactions on the different medm, —

On agar; a whitish filmy growth.
'On serum, a raised, spongy, greylsli white growth.

The growth on potato was not obvious, but pmduced a browmsh ‘discolouration
«  of the medium.

- On broth it formed a Whltlsh wrlnkled film on the smface, Wlth tulbldlty of the
broth. :
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L e ' CHAPTER III
COMPARATIVT SUMMARY—BACTERIA OF MAMMALS BIRDS AND FISHES

Tz bacterlologwal observers of four prevmus Antarctic expedltlons agree on the
fundamental fact that the intestinal canal of an Antaretic, vertebrate is Telatively sparse
in bacteria. It is sufficient to make smeats from the contents in various situations
1'011ghly to note this. phenomenon. - To go. further and make cultures demonstrates in
many instances. no sign of growth,. where in more temperate regions. growth would be-
.invariable., Dr. Harvey Pirie adds,” * that in a number. of instances they (the intestinal
tracts) appear to be altogether sterile, or, at all events, any-bacteria they may contain
fail to grow on the ordinary, commonly used nutrient media.” - - -

Tt is difficult to believe that the whole of the ahmentaly tract in any one animal’
should be free of bacteria, especlally as'the ‘environment of ice, snow, soil'and sea teem
with micro- organlsms according to our limited observations. Certain it is that the:
bacterial flora; varies in one respect ; acco1d1ng to the kind of food which is digested. . In
the seals, which ingest variable quantltles of fish, crustaceans, sea-water, surface plankton
and débris from the sea-bottom, one would expect bacteria to take their usual part in
the process of breaking down organic matter. Thus, in the stomach and intestine of the
many seals, which were killed for food and for scientific purposes in Adelie Land, large
masses of food, rich in protein, were found.. In the lower intestine ‘and rectum putre--
factlon seemed with due account being taken of the climatic conditions,. propmtlona.tely

* as.active.as.one finds in the bowel of a.warm-blooded vertebrate of a temperate country..
Aga,m, it is apposite to note that the stomach of seals is infested, almost without excep-
~tion, with nematodes, and throughout the intestine.cestodes.abound in great numbers..
Extemal parasites, too,.are exceedingly common. This generalisation may be made,
too, of birds. which feed on carrion, like the Sout};em skua gull and giant petrel. The
skua‘gull is also a bird of prey. Many specimens of skua gull and giant petrel were -
examined, and internal and external parasites were recovered from, them in' almost
-every 1nstance ' ‘

In the: case of the pengulns, sha.rlng the charactemstlcs of both fish and bll‘d\
‘one_should make reservations. . Gaseous. putrefaction is present, but the, protein food
of the penguin does not need the same destructive metabolism. In the stomach of
this bird one finds. mostly crustaceans, with small fish, pebbles and organic débris.
All the Antarctic penguins eat considerable quantltles of snow during the summer
bleedmg season. Occasionally in an Emperor pengum, fresh from the sea, the stomach_

. I8 loaded with small whiting-like fish..

“With regard to. parasites, it was very common to examlne two or three birds
ﬁvithout, finding a single specimen amongst the feathers. On the other hand, nematodes
were always found in the stomach or intestine and, in the majority of Cases cestodes
in the intestine. Occasionally in an odd example ta.pe worms would be found in hundreds
Ilght throughout the intestine. :
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Petrels frequenting the coast of Antarctica may he seen on the wing picking up
their food on the blizzard-swept patches of open water, or amongst the pack-ice which
encircles the whole continent. During the summer they coime to land—a small outcrop
of rocks on the i icy coast, or an island—and in some crevice la,y ‘their eggs and rear their
young. The, birds to which particular reference is made are Antarctic, snow, silver-
grey and Wilson petrels, though some species of prion and the Cape pigeon live pr actlcally
the same. life. One would expect these biids, living in such an aseptic environment,’
to be smgulm ly free from bacteria. Actually their alimentary tract 1s very.clean land
free from any active putrefaction-in comparison with the intestinal canal of a giant
petrel ‘or an Emperor penguin. One appreciates this .fact after searching in’. many.
specimens for internal parasites. . The food of the Antarctic and snow petrels is in the
main crustaceans; reddish-brown masses of Buphausie which float with the streaming
sludgy ice in leads-of the pack-ice or in the open sea. Small fish have been occasionally
found 1in the, stoinach, and doubtless t;he'se_bi;.‘ds.ingest diatomaceous matter and other
surface plankton. Like penguins and séals,, they have their external and internal
parasites; but not in great profusion. It is easy to imagine that one may fail to inoculate
a culture tube, when bacteria are scarce and the platinum needle touches only a few
_ points in the relatively large area of intestine.

Reference has already been made to the fish inhabiting the coastal waters of
Antarctica. Accordihg to Mr. E. R. Waite’s* description of the fishes of Antarctica,
‘they appear to subsist on alg&; (swallowed with the invertebrates), crustaceans and small”
fishes of the. same species. Putrefaction is not apparent as'a metabolic process, since
it would have to occur at a temperature close to the freezing-point of sea-water (29° F:
approximately). - Internal para,sités.(nematodes in particular) live ig’i myriads thronghout -
the intestine, invading the muscles in some casés. - Nematodes were often found in
theliver of the fish in Adelie Land. At Macquarie Tsland the cod ” were not edible
on wccount of their muscles being full of parasites. Of course bacteria dre present;
restricted in fiumbers: Mlle. Tsiklinsky, in the illuminating account.of her lnvestlg%tlons
has made findings of great interest. Two of our cultures from' Notothenice gave positive
results, and a living culture (a Gram-negative, spormg bacillus) survived from a fish

takén in the deep-sea trawl at'1,700 fathoms. It. was examined as.a subculture in
Australia.- ' '

“To illustrate the dispatity in the results obtained by bacteiio]ogiéts in Antarctica,
Dl Harvey' Pirie, of the Scottish National Expedition, stms up =—* Dr. Ekelif obtaitied
a bacillus twice from intestinal contents of skuas, but failed to get any growth from the
same species on’ other oceasions, and also could get no growth from Adelie penguins,
gentoo penguins, terns (Steriva hirundinacea) or. cormorants (Phalacrocoraz atriceps).” Dr.
Gazert, from Weddell seals, crab- -eating seals, and sea-leopards-always obtained bacteria
in the large intestine; more rarely in the small intestine and stomach. - In the stomach
and mtestlna.l contents of the followmg birds, he found no bacteln either by aerobic. or

* Austml:isiun Antarctic Expoeditionl. E. R. Waite. Fishes. Series C., Vol. 111, l’art I, p. 22.  Adelaide, 1916,
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anaerobic cultivation -——]\mg penguinis, Adelie penguins, Antarctlc petrels, snowy
"petrels, terns (Sterna hirundinacea), and & species of Priofinus. Only {rom one tern

and one Adelie pengin were growths obtained, and in neithei case could fallacy from

-accidental contamination be excluded. Dr. Charcot reports that the examination of
+ faecal matter from the intestines of various seals, birds and fishes showed the presence

of numerous and various bacteria, in:smaller numbers, however, than in temperate

regions. © He brought home a number of live cultures from seals, gulls, penguins, petrels,
and fishes, from" which Mlle. Tsiklinsky was able to isolate in pure culture twenty-four
species of bacteria, of which fifteen could be identified with well-known forms, the others
being apparently new species or varieties. Those from the fish, in particular, appeared
* to be very polymorphic and indefinite in their. characteristics.” As a preface to this
highly interesting and important generalisation, made in 1912, Dr. Harvéy Pirie makes
a bare statement of his own findings :—" Growths of one or more species of bacteria
.were obtained from the ahmenta,]y tract of thirteen of the twenty specles “examined ;
from three of the four - specles of seals, and from ten of the fifteen species of birds.”

We may add. the fol]owmg summal.y, hom work on the limited field of animal

life to which we had access :—

Cultures were successfully grown fronm the alimentary | tlact of nine out of thirteen
vertebrates examined; from two species of seals, five species of birds, a.nd from two
gpecies of fish. In addition one should add :— '

(@) Growths, yielding two organisms in pure Cl.lhilll‘e, appeared from the nose and
throat of both the Weddell and the crab-eater seal. '

(b) Many cultures were made, from wounds of Weddell seals. Six original and
two subcultures were carried ba,ck to Australia and examined there.

(¢) Fxamples of penguln guano, taken from six dlﬁelent situations in Adelie Land,
yielded in Australia various bacteria ; iour organisms being isolated from one
specimen.

((l) Culbures made from a tern, a prion, a stlver-grey. petrel, & Ross seal, and from a
" holothurian, obtained in the deep-sea trawl, gave negative results.

To come down to details and to make comparisons, the findings in the case of -

seals have been positive and consistent. For example, Mlle. Tsiklinsky has tabulated a

list of nine organisms recovered from: the intestinal contents of Antarctic seals; five

bacilli, three cocei and a sarcina.  Their characters on various media have been minutely
described and contrasted. This observér isolated three Gram-positive, sporing bacilli

of various types, which, according to their biological and morphological characters, -

are to be placed in the group of Bacillus subtilis mesentericus. 1t mmay be stated that,
as a result of our findings dulmg 1912 in Adelie Land, bacilli of a type similar to Bacillus
sublilis wmesentericus were very frequently found; so frequently that the colonies \iveré
occasionally treated as real growths and not contaminations, since, in many instarices,

the culture tubes ha,d been ‘previously mcuba.ted for twenty -four hours without glowth s
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.and rlgld antlseptlo plecautlons had been taken in makmg the moculatlons Sporing
Dbacilli and moulds flourished in the Hut, even.at a temperature below freezing-péint.
But so, often, particularly in cultures from the.rectum of the Weddell seal and skua,
1gull and’ from. frozen algmx, were fusing colonies (on agar) obtained of a dense, dry,
adherent, wrinkled, white or brownish character, which was.invariably a.sporing bacillus, *
that we were inclined at length to regard it as a bond .fide growth. Similar cultural
appearances were, noted by Mlle. Tsiklinsky. Dr. Harvey Pirie discovered very .stout,
round-ended, Gram-positive bacilli, arranged in pairs, end to end, in the intestine of a
;sea-leopard, but as they were In the smear from a gwwth of mixed bacteria the appearance
of the colonies 1s not described.

Wlth regard to the other two bacilli, found by Mlle. ka]msky, one is a new
‘species, and the other belongs to the Bacillus coli communis group. . Dr. Harvey Pirte
‘notes Grani-negative bacilli in the intestine of ‘the Ross seal and the sea- leopard, and
‘Dr. Gazert speaks of ““ slender bacilli ” in the colon of the crab-eater seal and  bacteria”’
In the ‘colon of the Weddell seal. As a tesult of an examination made in Sydney of
‘coliformh orgamsms, be]onglng to the Weddell seal crab eater seal and skua gull, and
derived from cultures originally made in Antarctlca. it> was established, as a result of
their reactions on five “sugars,” that they fell into the Friedlander-Neapolitanus.
.group. ;. The lower intestine of the Wanderer-albatross contained an organlsm showmg

t;he same reactlons

. Among the cocci, Mlle. rTSlkhnsLy claims* a new species in a lmge Gmm—posmve
orga.msm with fine, transparent colonies, and identifies, as ‘well; Staphylococcus albus
.cereus. . The third coccus is small and Gmm—posn:lve secreting a lemon-yellow. pigment.
Dr. Harvey Pirie found Gram- -positive cocci, both in the intestine of the Ross seal and
in that of the sea-leopard, as well as Gram-negative bacilli showing blpolar staining.
In the Bacteriological Log we have noted in mikxed growths bacilli with bipolar staining,
cocco-bacilli and cocel; and, since returning to civilisation, have grown an organism
from granite sand following in almost every reaction Mlle. Tsiklinsky’s pigment-secreting
.coccus., In Adelie Land, coarse granitic gravel, mixed with a little sand, together with
slowly decomposing organic material, make up in cer tain localities on the shallow sea-
bottom a mud which we often found mixed with pebbles in the stomach of Weddell
seals. It is not surprising, therefore, that this coccus should have been present in
‘seals’ excrement gathered during Dr. Charcot’s expedition. = Again, a Gram-pesitive
.coccus, showing lemon-yellow growth, varying in slight pa,1t10ulrus from the above, was
.present in frozen spray, incorporated with a little penguin glano, gathered- ¢n the
Mackellar Islets, off the mainland of Cape Denison. -The bacterium may have been
‘derived from the intestine of an Adelie penguin or have been present in the sca-water.
[n case the latter were true, the Olganlsm may be easily accounted for in the intestine
of a sea,l

. With.regard to penguins, there is no lack of evidence to show that bacterial life
‘ 15 PIOhﬁG in the alimentary tract. We were able- only to make cultures from the Adelie

. \ .
’ ?

-

~
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penguins inhabiting the rookeries within Commonwealth Bay, Adelie Land, but Dr.
Harvey Pirie obtained results in the case of the Emperor penguin,. the ringed penguin
_and the gentoo penguin. Mlle. Tsﬂ\]msky does not specify the kind of penguln from
which Dr. Charcot took his specimens. :

Two Gral-n-negative bacilli, one of which is new to science, were isolated by the
last-named observer. The known.organism- belongs-to the Bacillus pyocyaneus -group
and was found to possess pathogenic properties;. a fact of peculiar interest. From
the Emperor penguin, Dr. Harvey Pirie obtained short and long bacilli, and in a mixed
growth a Gram-negative coccus or cocco-bacillus and fine, motile bacilli emanating a
strong fwecal odour. The ringed penguin showed large, Gram-positive cocci and the
gentoo penguin, Gram-negative cooco-bacilli_ and Gram—negati've strepto-bacilli.

In Adelie Land, during a period when Gram’s stain was not accessible, the followlng
notes were made in the Bactériological Log of bacteria grown in culture from the Adelie
penguin :—(1) . Rectum—short, stout bacilli with bipolar staining; (2) Rectum—long
and short, stout and curved bacilli;- (3) Rectum—long and short, stout bacilli; (4)
Intestine—coccei and coliform bacilli; (5) Intestine—slender bacilli in short chains and
coliform bacilli; (6) Intestine—long, stout bacilli; (7) Lower intestine=—long and short,
slender rods; (8) Frozen excreta—cocci and coliform baeilli ; ; (9) Cocei and cocco-bacilli.
In two instances, not noted in the Log, a heavy fwcal odour was present in glucose shake
cultures, which had become disrupted by the formation of gas- -bubles. From these
rough observations, and the fact that putrefa,ctlon and gas- productlon are normal
phenomena in the intestine of penguins, it seems highly probable that species of Bacillus
coli. communds inhabit the lower bowel, just as they do in the proven cases of the seals
and skua gulls. Cocel may be ingested in the snow which the pengulns ‘eat during the
Antarctic summer.” Gram- poswlve 00001 were frequently found in uncontaminat ed |
snow and ice. ‘ A

Unfmtunately the single tube showing growth, of four omgmal cultures carried
back to Australia, dried up before subcultures could be made. However, from six.
specimens of penguin guano gatheréd in various situations at Commonwealth Bay, an
assortment of organisms was cbtained at the Bureau of Microbiology, Sydney., On
four occasions, Gram-positive, sporing bacilli (possibly of two species) were isolated ;

-once a Gram- -positive coccoid bacillus, three times, Gram- pos1t1ve cocei (of two species
at least) once, a Gram- negatlve sporing bacillus, and once a, Gram- posmve yeast v
The Gram-positive, sponng bacills, in three 1nstances were unique in ha.vmg stout, short,
oval, Gra.m—nega,tlve sporing forms.

Actually these speclmens of guano, although gathered in sterile test tubes, were
not pure examples of dried penguin fwces. Gritty soil and small feathers were present
.in several of the tubes, as well as the dry, dirty pink or greyish flakes which are to be
found caked together in OId rookeries. Then, too, one should consider the contamination
of bacteria from meltmg snow and from the organisms which stream down in the thaw-
#20218—F  Vor. VII, Parr 3. ' » '
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water from higher levels of the rookery So that, to mal\e the most extreme supposition, .
bacteria from the scanty granite sand, lichen soil, moss soil, morainic mud, algm snow, -
ice and sea-water (frozen spray) may all have been added to those already existing in.
the guano. -

Thus certain of the coccl may be a,ccounted for, since they were often found n
cu]tmes made from ice, snow, algae, granite sand and morainic mud, while * ‘ yeasts 7
were grown from ice, sea-water, lichen soil and moss soil. Finally, a Gram- posntlve
- cocco-bacillus, similar in cultural char acters to the a.bove was present in morainic mud.

One fact to signalise is that Baculli cole communis, ther mophilic in habit, do not

seem to have survived.in a single specnnen of guano, and, as one might have: expecteds

. sporing bacilli have resisted the extreme cold (probably never lower than —40° F.).

There is no dearth of bacteria in the intestine of the Antarctic skua gull.
Dr. Ekelof obtained a bacillus twice from this-'bi] d, and Dr. Harvey Pirie encountered
a large Gram- negatwe coceus or cocco-bacillus and a.Gram- negatlve bn.elllus showmg
spindle- shaped involution forms. Mlle. Tsiklinsky, in an Antarctic * gull” (pre-

sumably Megalestris antarctica) found a short, thick, Gram- -positive bacillus of a new .

species, and small, Gram-positive staphylococcl.  The notes from our Bacteriologicul Log
distinguish in cultures :—(1) Bacilli of a coliform type both in the small intestine and

rectum ; (2) long and short, stout bacilli, some in short chains, some sponng, (3) long’
and short, stout, sporing bacilli; (4) sma]l slender, sporing bacllh (5) cocco-bacilli.
Later, n Austl alia, eight growing cultures were 1nvest1ga.ted \Vlth the result that a
coliform organism of the F]1edlande1-Nea.pohtmms group was 1ecogmsed a.nd sub-'

cultmes lsolated a large Gram-positive bacillus.

" Thus the bactellologlca.l researches of four expeditions have demonsmated in the_'
skua gull at least seven different organisms (including bacteria of a cohfqnn_ type and’
sporing bacilli). Unfortunately in only - three instances have the cultural characters

of these bacteria been more or less fully worked out. Enough, however, has been
discovered to leave an ample field of investigation for a future student and to give ]11111
more than a hint of his probable findings. |

" One will not be surprised that the petrels of Antarctica have yielded a scanty
ﬁom and, in illustration, we merely quote some, negative results. '

Dr. Harvey Pirie failled to obtain glowth in four instances. Dr. Gazert found

nothing in aerobic and anaerobic ciltures from the Antarctic and snow petrel : 1n

cnltures made in’ Adelie Land and camied back to Australia (two from the Antarctic
petrel, three from the silver-grey petlel, and four from’ the snow petrel) there was a fine
- growth in one tube, but the organisms had died by'the time they were examined in

Sydney.. "In this connection, it may be mentioned that seven inoculations we made:

from a new species of prion produced no colonies, and of two from a tern, one gave a

. fine growth which did not survive.” . Dr. Harvey Pirie records-a similar experience with-

Cape pigeons, Wilson : petrels, terns, ,and. sheath-bills; all birds: which frequent the
Antarctic zone. . : : _

’
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~In a mixed growth froin-a giant petrel, Dr. Harvey Pirie found Gram-positive
- cocel and Gram-positive and Gram-negative bacilli.: In common with Mlle. Tsik]insky,
he mentions a large, Gram-negative cocco-bacillus, and the former adds a Gram-positive,
, sp01mg bacillus of the Bacillus aubtalu mesentericus gmup

We may summarise the notes of cultures from ‘Antarctic and snow petl els 1n ‘rhe
-Bacteriological Log +—Lower T ntestine—(a) Coccl and cocco-bacilli; (b) long and short
bacilli; cocco-bacilli; (¢} cocci;. (d) staphyloccocei (white in culture).” Rectwm—(a)
Staphylococei, (white in culture), Sinall Intestine—(a) Laxge cocci and cocco-bacilli;
“(b).cocei; (¢) cocco-bacilli; (d) slender bacilli; (e) large cocel; (f) a . yeast ;- (¢) cocei;
(h) a. “yeast.” Thus the large cocco-bacilli re-appear once more, while Dr. Harvey
. Pirie has isolated from the intestine of a snow petrel Gram-positive staphylococei (white
in culture), which are probably identical with those we found 1n the rectum and lower
_intestine of the Antarctic pet1e1

No observer has yet claimed a species of Bacillus, coli communis in the intestine
“of ‘these petiels, though it is highly probable that they exist in the carrion-feeding giant
© petrel. Tt will bé a point of no common interest definitely to establish whether these
. sea-birds of the southern high latitudes harbour bacteria of a coliform type.

_ From the exclementa of Antarctic fishes Mlle. Tsiklinsky has 1sola,ted a ]a,lge
fitmber of bactéria with'a marked’ tendency to polymorphism.  Five bacilli, separate
in cultural characteis, exhibit involution and change of form in such ‘an extraordinary
degree that this observer thought at first that her cultures were impure :—* L’observation
microscopique des préparations, faites avec des cultures préalablement isolées & plusieurs '
_reprises, nous a donné d’abord 'impression que nous avions affaire & des cultures impui:es
et que la nécessité de continuer I epula,tlon simposait.. Aprés quelques e\peuenoes de
ce genre, nous avons cependant conclu quil 8’agissait des microbes tendant fmtement an
polymorphisme.”  Again, experiments showed a number of common characters; they
are readily stained by aniline dyes, they conserve their stability during many ‘months
‘and do not need to-be subeultured, they do not form spores, they grow well in media
‘conmmmg as large a proportion as 3 to 4 per cent. of sea-water- salt and sodium chlonde

and at a temperature in the vicimty of 0° C.

1t appears,, that Fischer 111 his researches on the bactenology of sea‘wafer and
marine mud-—prior to those of Mlle. Tsﬂ\hnsI\y—lsolated bacilli with a strong
resemblance to the above, and concluded in his generalisation that they had -an extra-
ordinary ‘tendency, to assume .polymorphic forms; further, that they grew well on
media containing 3 to 4 per cent. of the salt of ‘sea- -water and; at a temperature close
to 0° C.

* Mlle. Tsiklinsky includes in her tabulated list of bacteria found in the excrement
. of fishes, small and large, ‘Gram-positive staphylococci and two species of “ yeasts *
which were found to flourish in media containing 3 to 4 per cent of marine salt and at
a temperature of 0° C, o . ’ '
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Dr. Harvey Pirie records negatlve results in two cultures from the mtestme of
Notothema comceps

Dr Gazert found bacteria (no nitrifying or denltrlfymg orgamsms) on the slime
-of theskin of a N otothenia, and on one decasion obtained growth from four samples of
the contents of stomach and intestine. ‘Again, from a species of Lycodes, bacteria were
again cultivated from the slime of the skin and were present in the contents of the
- stomach. No nitr 1fy1ng or denitrifying organisms were grown. '

The Bacteriological Log notes a few slender bacilli, long and short in one culture
from the intestine, and large cocci in staphylococeal masses and some cocco-bacilli
in another culture from the rectum of Notothenia coriiceps. Later, eight cultures from,
fish were examined in Sydney; four of these showed growth. Slender, Gram-negative
bacilli and larger, Gram-negative bacilli forming a (?) mycelium appeared in a culture
from the rectum of Notothenia coriiceps and slender, Gram- nega,tlve, sporing bacilli
from the rectum of Chalinura ferrieri, recovered by the deep-sea trawl at a dépth of
1,700 fathoms. - The growth on agar, in elther case, was fine and did not thrive in sub-
cultures.

Finally, 'refele'nce should be made.to the indirect evidence supplied'by smears
made from intestinal contents of mammals, birds and fish (Chaptel 1). It is apparent
from this list that bacteria were fairly numerous in almost every smear examined;

from the stomach small 1ntest1ne and rectum of various SPeCleS .

_ Coliform bacllh and Gram- negatlve, sporlng bacilli were seen in the intestine
~ of the Weddell seal, sea-leopard, giant petrel and skua gull. The ,bacteual content
“in each 1nstance was hlgh : ‘ : ‘

Probably the Emperor penguin and the Adelie penguin harbour mgmmsms
snmlar in species to Bacillus coli communis.

As to. the pemels——Antamtlc snow and Wllson petlels and a specles of prion—
bacteria are ce1ta1nly present, in reduced numbers. Gram- -positive micrococei and’
Gram-negative cocco-bacilli were found i every case, while Gram-positive and Gram-
negative bacilli were often to be seen, and in the rectum of an Antarctic petrel there
were ba.ctena very similar to Bacillus coli communis.

In the codfish there was an mterest_mg a.ss_ortment of 01‘gani§msA; their number
'bemg fairly high in ‘the intestine.

Almost without exception, Grram: posmlve cocel or mwrococm occurred in smears
" from animals of ten species. : -
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CuapTtER IV,

' CULTURES FROM ICE, SNOW, SOILS AND MARINEMUD{

I

_THE following observations are extracted, verbatim or in summary, from the records of
s the Bacteriological Log :—

IcE (INCLUDING FROZEN ALGA AND FROZEN SEAWEED).
’ \ Frozen. dlge.

9-5-12.  Frozen alga from a thaw- pooi on a rocky ridge 150 feet above the
'sea were secured.  This particular situation was not frequented by pengmns The
1

ide had a dirty g1eemsh tinge. ' -

On’ tha.wmg out & small fragment on a slide and putting on a coverglass, many
filamentous, green algw, diatoms of various forms, protozoa and bacteria (cocci a,nd
bacilli) were'seen. A smear was stained by Leischmann’s method

A chained bacillus was observed, non-motile, with nodula,r deeply stained areas,
‘in the form of filaments of varying Iength consisting of rods, oblong and block-like in
outline, appr0x1mated end to end. = There were a few micrococci and diplococei; no
rotifera. '

11-5-12. A serum a-gm? slope, after 60 hours at 37° C., shows a pale,. glistehing,A
somewhat waxy growth sprea.dlng slowly. Numerous bacilli,~‘long? short a.nd a few
chained.

[y

. After 72 hours at 37° C., this culture became 1nfected with mould and. was dis-
carded.

© 25-5-12.  A:cover-slip preparation was agaiﬁ examined. Besides algz, diatoms,
infusoria  and rotifera, there were bacilli in large numbers, sorhe single, short and rod-
like, others longer and chained. The short, single bacilli were capable of more active
movement than the long forms. Propulsion, flexion and stmightenincr were executed;
in the case of the first-named, by the q.].d of minute cilia or ﬂagella observed with a
1% inch objective.
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Methylene blue was allowed to run unde1 the cover-glass and the bacteria and.
other micro-organisms immediately’ tock up’ the stain. The chained bacilli were
characteristic in appearance.  They had.very distinct, nodular dm]\ mml\mgs pro-
ducing in some cases a spotted or baned appearance. '

[

25-5— 12 Cultures were made on various media. To prevent contamination,
the followmg method was used : —Small lumps of ice, freshly procured in a sterilised
canvas bag, and at an ontside temperature of 10° F., were dipped ‘with sterilised forceps
into boiling water until they had almost thawed away, when the pieces were dropped
into culture tubes of serum agar, nutri;ant agar, glucose agar and gelatine,

Two of these cultures became infected” by .a wrinkled growth which recalled
Bacillus subtilis and were -discarded*.  The gelatine, which was sloped, had-a white
gr owth; coccl in staphylococedl masses, and slender, bacillary rods (4;1, to Tu in length)
1n ‘short chalns w1th deeply stained areas.

The serum agar culture was exammed ‘l.ftel elght da.ys The lower pmt of the
medium was commencing to hquofy, but on the upper part there were a few, minute,
‘white, papilla-like’ colonies.  Cocci, motile, 1-8u in’ dismetér, discrete and adhering
in short chains.  Bacilli, motile, in’ the form of slender rods varying {rom 2 8 to
'9-7p in length; mniany curved ot a.ggwgated in short -chains, appar ently sponng
Coccold or oval bacilli were also present, 2-1u in length.

‘8-6-12. A cover- sllp plepauatlon of frozen alg® ‘showed 1ct1ve1y motllc bamlh
24 to 4p'in length, chained bacilli, micrococei and dlplococm

A serum agar culture (after four days at 20° C.) had a whitish, wrinkled, some-
what adherent growth.  Cocci, and diplococei with bacilli (3;1. in length on the avemge)
showing short chains. Subcultures were made. * Vo

After.three days at 20° C., a serum agar slope has become covered with a white
wrinkled, adherent growth.t Bacilli'in rods, about 3u in length, and ‘7 in width,
-chains or two or three.. ‘ . . .

15— 6 12. A culture of frozen alge on a gelatine .‘slope'(a‘fter three days at 20° C.)
appears as’ a fily, greyish growth with much liquefaction of the medlum Short,
stout bacllh slender, chained bacilli, cocel and dlplOCOGCI ‘ B

19-6-12. A cover-slip preparation, of frozen algw (stained by Gram’s method)
shows Gram-positive coccl and dlplococm Gram- nega.tlve, chalned bacilli and a few
Gram-positive ba,cllh -

17-9-12. ]n a cover-slip plcpa.latlon were observed dm.toms unicellular alge
and bacteria.  The film was stained by Gram’s method and counter-stained with-carbol
fuchsin’.  Gram-positive COCOI “and d1plococm assoclated with numerous Gram-negative'
bacilli. , . '

¥ In view of the results of Mlle Tsiklinsky’s rescarches, th(.se cu‘lhm.s may have bun bond fide growths of a spu,ms -
of Bacillus sublilis mesentericus,

+ Very _probably the Gram-positiv e,. sporing bac:lh‘fo_mxd‘m.-Austmlm to grow constantly from dried algem,
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szen ‘Seareed.

18-6-12. The spe01n1ens of frozen seaweed were obtamed near ' the bottom: of
an ice-shaft, 12 feet deep, which was sunk in the glacier some 30 or 40 yards. froni the
sea. -In the cross-section.of the ice, from above downwards, one could observe the
+ transition from-a, struotmeless blu1sh zZone, through a more ‘stratified and crystalline,
deep blue layer, to a yellomsh and dark ‘brown stnatum near the bottom. Pieces of
ice chipped from the last- named area were seen to contain pinkish and. deep brown .
masses of weed; and there was a strong, salme odour like decaying sea.weed most
noticeable when one stood in the bottom of the shaft:

A small fragment of the ice was thawed out, and under a dover-slip waé seen to
contain protozoa and numerous bacteria; motile bacilli (some chained), micrococei
and diplococci. ~ Stained by Gram’s method and counter-stained with. carbol fuchisin,
the bactena were seen as Gram-positive cocci and diplococci, short stoutlsh Gram-
negatlvc baollll and longer Gram negamve bacilli,

+ 19-6- 12 . Anothel smear from frozen seaweed contams numerous Gram-
positive COCGl and diplococdi, long, stout, Gram- negfttlve 1ods rmd more slender, Gram-
posatwe baoﬂh

After 48 hours at 18° to 20° C thele 1s a pa.le hquld growth somewhat yellowlsh
In tint and viscid in-consistency, along the course of a stroke on serum agar.. Gram-
negative bacilli (3p to 5u in length.and “7p in width); a few long and curved. .

A gelatine culture appears as a pale, glistening growth with.a fringed edge; no.
liquefaction ;observed. - Gram-negative, slender bacilli of vmymg length some long;
. and curved; a few short chains. : ‘

* A subculture on glucose agar (grown at 37° C.) has,a greyish white, ]u\nua,nt
glowth of cheesy consistency ;. bacilh, short, long and curved. S ,
An anmrobic culture on glucose. agar shows no peloeptlble glowth though gas
. bubb]es have dlSl uptecl the medmm

- N

M ommw Ic ce.

The above term is applied. here to specimens of ice ga.thered in the v101mty of
" fhe terminal moraine. -The glacier ice in this s1tua,t10n 18 guttered by: channels in
which runs thaw-water during the summer time. This water is discoloured by the’
mud which is borne by, the glacier., * Everywhere there are paltlcles of grlt and sand
and a.cc1et1ons of mud and rock scattered throughout the blue ice.: Co

. . 6-7-12; ~ In "the. smear-from a cover-glass preparation were. observed protozoa,
Gram-positive cocei and dlplooocol and a few Gram-nega.twe baollh (none longel than,
_4[.1-) . BT T P -; -
_ - Glacier ice, gne.quarter of a mile south of the Hut, in. which there were embedded
a, few stones- and, pebbles contalned besides protozoa, Gmm—posmwe cocel.and diplococel,
and a few Gra.m—nega.tlve bacllh :

LA



48 .+ AUSTRALASIAN ANTARCTIC FXPEDITION

. After 24 hours at 18°'to 20° C., on a serum L agar slope there are discerriible, glowths :
of two kinds :— -

(@) Discrete, cucular whlte colomes

(b) A wrinkled, adhérent, whitish growth sprea.dmg mpldly and d1y1ng in thé
" centre; identical with a growth made from frozen algee and described on
:8-6-12 in a footnote as probably Gram- pos1t1ve, sporing bacllh

(a) -Cocei and dlplococcl In masses.

(b) Stoutish bacilli of varying Slze, mostly about 3p to 7,u, some slender, some n
' short chains. :

A glucose shake culture is full of gas bubbles which invade and break up the
medmm fine dot-like colonies. Bacﬂh of varying size smnla.l to (b).

Glaczer Ice (Magnet?c Shaft and Cave ) J[

_ Specimens of’ glacier ice were procured from a shaft and gavern cut into the
steep slope of the glamer 1,105 yards. south-south-east of the Haut, and at an altitude
-of 300 feet above the sea,’in a place where the chance of contamination from guano. or
morainic mud was very remote (Plate 2(_)) The prevalent wmd averaglng 50 miles
per hour throughout the year, blows almost constantly from the south, and the .
terminal moraine is at least 900 yards down the glacial slopes. Tn this situation the
. ice is sky-blue in.colour and wind-swept.: The fragments .of ice were: chipped out. of
the wall of the shaft, 6 feet below the surface—the 1ce llere 18 of a deep- azure colour—
and camed to the Hut in sterilised canvas bags: The air temperature outside was
well below zero Falirenheit.

E "8-7-12. A cover-slip preparatlon shows small motile mfusona some vermicular
organisins and a few bacilli, one with blpolar markings (when the slide was stamed).

Cultures were made on agar slopes previously incubated, for 48 hours, as one
batch: of tubes had to be discarded owing to contamination by mould. From 8th’
"July, 1912, onwards, culture tubes were Incubated for 24 110u1s or longer, p1101 to
ma.kmg inoculations. ‘

11-7-12. A serum agar culture after 24 hours at 37° C.,hasa smgle, pale, cireular
colony Cocei and diplococei in sta,phylococcal masses.

~An aga'r slope shows six small, ‘pale, circular colonies, after 24 hours at 37° C.
Cocci and diplococei in staphylococeal bunches.

s
#

.

. "On another part of the slope is a greyish white, pitted growth -with liquid drops
on its surface. A stout, chained, sporing bacillus (length of separate bacilli, 2- 17;;,
to 434 y.) assoclated w1th a slender chained baclllus non-sporing.

" On a glucose agar slope there is a- rapldly growing, pitted, greyish growth with a -
tendency to form liquid drops on the surface. A chained, spormg bfmclllus mmﬂar to .
that found in the previous culture. Subcultures were made SR ‘
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12-7-12.  Serwm agar slope.” After 48 hours at 37° C., there 1s we]l marked
growth appearing, along the course of two strokes, in the form of dull, opaque, light
brown smears, corrugated and pitted. Chained, sporing bacill. .

. Glucose.agar stab. - Numerous air-bubbles.along the course’ of the stab with a
- somewhat flocculent growth ; pe]hcle of dense pltted growth. Chairﬁed, sporing bacilli
and yeast torule. - : o

An agar stab show s air bubbles along the stab and flocculent glowth Ch-a.ine_d
sporing bacilli. - " o

An anzrobic subculture became contaminated by mould.’

20-7-12. The glucose: ajar stab (11-7-12) has been covered by. a viscid growth
like blanc mange in appea,rance which caps the stab and upper part of the medium.
A Gram- posmve yeast and mycelium,,

5-8-12. To pleclude any chances of contamination from surroundlng objects’
.an’ excursion was made to'the cave for magnetic observations on the glacier, 300 feet
- above the sea, in order that culture tubes might be inoculated on the spet instead of
of thé ice being carried, for this purpose to the Hut in stemhsed canvas bags or glass
tubes. V‘LI]OUS precautions were taken. - : :

The culture tubes had been previously 1ncuba.ted for'24 to'36 hours without any
signs of growth appearing. These' with a spirit lamp, platinum needle and a pair of
forceps were taken up the glacier to the cavern. Outside the entrance a good deal of
drift-snow. had, collected; and, several culture tubes. were inoculated with- particles of
snow.  Inside the cave the spirit lamp was lighted, and the pomt of an ice-pick sterilised
by heat. A deep cleft,}vas then cut in the blue i 1c_e, which shelved and broke away in
]mge'masees The ends of the forceps were sterilised by heat, and minute chips of

" ice were transferred to eultule tubes of serum agar and nument agar sloped |

The media had frozen, of course, as the air temperature stood at'=15° F.; the
‘velocity of the wind outside being 50 .to- 60 miles per hour. ' The media thawed out
once more when they were replaced in the incubator, bus, owmg to the dryness of the
air, there was very little water of condensation.,

- It may be of interest to note that amongst the ice and snow in the vicinity of
the Hut and the rocky outerop of Ca.pe Demson small gritty partlcles of granite sand
and smaller f01e1gn bodles just visible with a hand-lens of SIX dlameters, are sparsely
distributed. Wlth the exceptlon of penguin guano, generally caked or 1 small ﬂake,
when dried, and &’small amount of morainic miid as dry dust 9 sitw, there is nothlng -
to contaminate the glacial slopes south of tlie Hut beyond the falling; snow containing
dust and poss1bly, free’ dust-motes- which have tiavelled by lofty ‘air-currents from a
lower la.tltude The wind of high velocity, comparable to a torrent of air, a,pparently
rushes- down from the continental plateau year after year. Tt is true, that there ‘are

*20218—G Vor. VII, Part 3.
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short periods of calm when gusty winds and occasional whirlwinds come- from the north.
And in the summer, ‘of ten'to twelve weeks’ duration,. light north-westerlies may prevail
‘for a d‘Ly or more; but such occunences ate the ~exception.

So that beyond the 1nfrequent‘Whu‘lwmds,' which track about irregularly, there is
no aerial agent which could grossly contaminate the upper slopes of the glacier south of
Cape Denison. And it may be noted in this connection, that after a methodical
examination with a hand-lens of six diameters over the surface of the glaclel south of
the Hut, one could ‘positively say that forelgn bodies were distributed sparsely up to
and a little beyond the terminal moraine, but that, on passing a level of approximately
150 feet and mounting the first steep rise, foreign bodies could not be seen. It should.
be remembered, of course, that the ice in the vicinity of the terminal moraine—about

© 100 feet in thickness—consists of basal strata which have passed over the underlying

land, for, maybe, hundreds of milés, and are therefore dotted'with specks of soil, pmticles
and lumps of rock. The upper strata have travelled, posmbly for great dlstunces,
always in a slow transition from compacted, fallen snow through the stage of névé to
b}lte ice, and always moving with the slow northward surge of the continental glacier..

79412, M agnetic Cave.—Ice cuitures were ‘examined, after 48 hours at 37° C.~
" Agar slope __Doubtful' minute colonies. - B
| Serum agor slope.—No growth.. _
Glucqsé c\;;gar‘slope.'fSeveral doubtful, elevated, p-a.le colqniés.’

i T ; After 96 hours at 37° Ci—

" Aém" slolpé" Fine, pale colonies fusmg Slendel bacllh up to 4,u, in length,
o micrococci and diplogocei. ‘

Serum agar slope —Greyish Whlte colonies fusmg in a fine glowth Slcndel bacith
' up to 4p in length.”

L

Glucose agar slope. ——Mmuté greylsh colomes Slender bacilli.

Exammed a {ew days later, the serum agar slope was found to contam slender
bacilli as well as a ¢ yeast » ‘

No further glow'rh occuned and subcultures were not-made,

15-7-12. Glacier Ice (200—300 yards . south of the Hut). Cover-shp preparations
of surface ice show.cocci and diplococei, motile bacilli and protozoan mgamsms o

Glacwr Ice (500 yards south of the Hut).—A cover-shp prepma,tlon of surface 1ce'
shows motlle bacilli of varymg size, oval orgamsms like a ““ yeast,” cocci and protozoa

7-9-12. - Glacier Ice (1,000 yafrds-soutk of the Hut, altitude about 300 feet).—In a
cover-slip preparation of surface ice there are yeast-like organisms, protozoa, numerous
_actively motile bacilli (2u to 6p in length), slender and sbout, stlalght a.nd curved,
and cocel and dlplococm (encapsulated and . motile). - : e

. e LI R
L PR
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' 7-9-12. Glacier Tce: (1,100 yards south of ‘the Hut, altitude’ about 300" feet).—
Cultures, prevmusly incubated, had been made-on the previous day from surface ice.

Glicose agar slope (1).—=A fine; somewha.t Jetlculated greyish white g1owth Cocel
and diplococel.

_ Glucose agar slope (2). —A .]'pale, gliistening.srnear.v Cocel and clfplhdocci_ in staphy-
loeoccal Masses. I o K -

© 992, —The 1ct10ular, gleylsh wlnte g1owth has splead C‘occl and dlplOCOCGl
with sh01t stout bamlh

No subcultules were made

-

17-7-12. Glaczer Ice (1 mzle south of the Hut altztude 600—700 jeet) —A cover-
glass prepamtlon shows encapsulated micrococei and lelOOOCCI protozoa, yeast-like
bodles, but no thGllll Culture tubes, p1ev10usly incubated, were mocula.ted

-

Serum agar slope —After 24' hours at 37° C., minute, pale, circular growths were
seen. Aftér 48 hours appeared (a) pale, c1rcular colonies’ gmwmg slowly, as well as (b)
a greylsh white, fine, fused growth. o o 3

(a) Gra.m’pomtlve cocei and’ d1plococel in staphyloeocca.l masses

(b) G1a,n1 nega.tlve, ra.thel slender, cha.lned bacﬂh
17-7-12. Glacwr Ice (2 males ‘south of the Hut alt@tude 1 ,000 jeet -——-A. cover-
glass preparation of surface ice shows encapsulated cocti and dlplococe1 and numerous
bacilli, some slender and short, others stoit and ‘cotistiicted ‘so' as to be'like dlplococc1 '
in appearance; while a few are longer and curved. The bacilli and diplococei are motile.
The piotozoa, stained with methylene blie, have a falnt nuclea.l structure.. '

.~ Agar slope (previously incubated) has (¢) a few pale circular colonles on the upper
part of the slope, and (b) an adherent, pitted, Wh1t1sh gmwth : et

(a ) Short, stout Gla.m nega.tlve (‘?) bae1lh or eoeco-baellh tll‘e constricted hnd
d1v1d111g forms bemg very similar to dlplococcl ' o

(b A Glam—negatlve stout baclllus showmg short and long forms Note —Ploba.bly
‘the Gram- -positive sporing baclllus of frozen algee wlnch tends to retain Gram 8
. stain only in early eultures s

ts

o 18-7-12, Sefrmn agar slope. —Gllstemng wlnte, small e11culal colomes Gram-
positive rIllGlOCOGGI and diplococdi, smgle and i staphylococcal bunches. i '

19-7-12. A subculturé from the agar slope of ( a) shows on_serim agar a pa,le,
fine smear growmg slowly., A Gram—negatwe (2) short bacillus or coceo-badillus; ‘some
- forms being very similar to a diplococcus; - maximum length 2.17u. .. This culture
extended slowly for a few days-and then dried.
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‘ "Subcultured on serum agar and glucose agar, this'growth extended in much the
same way. It was visible as a greyish white, fine smear, with a fringed periphery:
Separate, cucula,r growths were pale white in the centre, with a dull, fringed circum-
ference.

Several later subcultures became infected with mould.

1—8—'12 - One agar slope subculture has a pale, fine gr mﬁh similar to the pleceding
and severa,l pa,le yellow drops on the swrface of the medium. The latter stains as a
Giram- pos1t1ve ‘ yeast.” SR

16-9-12. Glacier Ice (5 miles south of the Hut, altitude 1,500 feet).—A sledging
_ party returned with specimens of ice in sterlllsed canvas bags. These: had been
* procured while digging a sub-glacial cavern, © Aladdin’s Cave,” 5 miles south of Winter
Quarters, at a height of 1,500 feet above sea level. Among the specimens were some
chipped from the surface and others from depths of 4 and 7 feet. Cover-slip preparations
were made from them dnd culture tubes inoculated immediately after the party had
arrived. It'should be mentioned that ¢ Aladdin’s Cave” is atan altitude where the
steeper glacial glopes give place to a more level expanse of blue ice, mounting in long.
waves for a distance of 3 iiles, approximately, to the sastrugi fields which rise gla.dua,lly
towards the po]es The south magnetlc pole, at an altitude of about 6,000 feet, lies”
. some 350 miles to the south- south-east; the south geographical pole at an altitude of
10,000 feet, about 1,500 miles “trué south. As proved by. later explorations of the
Australasmn Antarctic Expedition in the vicinity of the south magnetic po]e, and in an
eastward and westward direction, there are appa.lently no.rocky exposires in the form
of nuna.taks from whlch soil containing bactena. may be scattered by the wind over the
surfa,ce of the plateau. The mean annual temperature ‘at « Aladdin’s Cave ™ is below
“gero Fahrenheit, and the annual wind veloclty is more than 50 mlles an hour. The
thickness of the ice is probably not greater than 120 feet. '

Surface Ice.—On thawing out a small fragment of ice, one could observe- with a
Linch objective a great profusion of living organisms; protozoa, yeast-like bodies,
globular, spindle-like or oval in sha,pe,'cocéi' and diplococei (encapsulated and motile),
and actively motile bacilli, some long, slender and curved, others short and slender,
and a few sh01t stout, and somewhat constricted. :

1

16-9-12. ce samples from a depth of 4 feet and from a depth of 7 feet contain
protozoa. showmg nuclear structure, yeast-like bodies st‘umng uniformly, G1am-p051t1ve
. micrococcl and dlplOCOGOl "and Glam—negatwe bacilli of various forms.

, Bacterla, protozoa and ““ yeast *’ organisms are much more numerous in the surface
o6, . N . C _
17-9-12.  Surface Ice.—
Glucose agar slope. . After 24 hours at 37°C., a pale, ﬁne gmwth is visible:
~ .4 serum agar slope (at 37° C.) has become contaminated by niould, and is dlscnded

Agar slope. Doubtful growth after 24 hours at 15° to 18° C,



BACTERIOLOGICAL AND OTHER "RESEARCHES*-McLEAN. 53

Ice Four Feet below the Surface —No growths in two culture tubes, oneé
inoculated at 37° C., the other at 15° to 18° C.

" Ice Seven Feet below the Surface.— . : : :
" Glucose agar slope + Doubtful fine colonles a.fter 24 hours at 31°C. .
Agar ,slope A pale fine growth

. Qlucose agar slope (at 15°-18° C.). Discrete, circular, greyish white colonies.

19-9-12. Surface Ice.— N » ;
‘Agar slope (at®.15°-18° C.). " Fine, greyish white growths. Grain-positive cocél
~‘and diplococet. - R : S

Glucose agar slope (at 37° C). : A pale white smear spreadlng qmckly Gram-
positive cocci in staphyloooocal masses.

Ice Four Feet below the Surface.— -
Serum agar slope (at 15°-18° C.). No growth.
Serum agar slope (at 37° C.): No growth

Tee Seven’ Feet below the Sufrjace .
Glucose agar slope (at15°-18°.C.). A large number of minute; pale, circular colonies,
Gram-positive.diplococci. . ' 4 _ '
‘Glucose agar slope (at 37°C.). Very ﬁne, greyish white, circular (?) colonies, Gram-
posﬂuve cocel, large and small (nuclococm) o

Agar slope (at 37° C.). Fine, gleYlSh white, frmged growth Gram- nega.tlve
bacilli, some short, stout and coccoid, othels longe1 swo]len and involuting, -
' 1ntelspersed with a few gram-positive cocel.

_ This culture, three days la.tel showed ma.rked 1nvolut10n forms, long and curved
of a Gram-negative bacillus. . '

There was no opportunity to make suboultules from the above growths, Whlch
were watched until 22-9-12, when they had made very slow progress. ~ All the culture
tubes, before inoculation on 16- 9 12, had been incubated for 24 hours at 37° C. without
growth o ‘ ,

~ Glacier Ice (8 and 11 miles south of the, Hut)—During a nine days’ sledging trip
in the month of September, 1912, 1 gathered specimens of icé at distances’of 8 and 11
miles in a-magnetic- south direction from the Hut. These were obtained from the surface,
from a glaclal cavern 6 feet below the surface, from compressed sastrugi snow and from
ice-crystals taken from the Wwall of a crevasse. Small, sterilised, canvas bags packed
inside a larger sterilised bag, were used to colIect the spécimens, and sterile test tubes
with-cotton wool plugs were also used as ,receptacles The mean temperature for the
period of nine days was approximately-20° F. and the wind velocity from 55 to 60
‘miles per hour. The cavérn——Ca,thé_d'ra.l Grotto—11 miles,” 500 ‘yards south of the
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Hut, was about 1,800 feet above the sea on- the gently rising platezfu. - The surface in
the vicinity of the cave consisted of névé, localised patches of blue ice, and compressed

a.strugi snow. Viewed with a hand lens of 6 diameters, the surface, whether of snow
or of ice, showed the well-marked cleavage pla,nes of c1ystalb and doubtful ﬁbll]lm Ys
and specl\ -liks foreign “bodiés. I dld not observe any, macloscopm In size.'

Cover—shp p1epalat10ns were made from ea.ch of the specunens, whllc, until
cultures were inoculated; the bags were Lept in the outer verandah, at a “temperature
always below zero Fahrenhett. Gram—posmwe micrococel and- diplococet and small
short and-slender, Glam—nega.twe bacilli were seen. .The bacilli and dlplococm were
motile. No-record is made of the preserice ‘of protozoa or yea.st like bodles -

Culture media, which had been prewously incubated at 37° C for 86 howrs
,w1thout g1owth were inoculated. "
21-9-12. Glacier Ice (8 miles south oj the Huwi). —Aftel 84 homs an aga'r slope is
covered with (a) fine, greyish white colomes and (b) p_ale white, fine, circular growths.
(@) Gram-positive cocci. ‘ '
(b) Gram-hegative cocci- -bacilli, assoc1a.ted with longer and more deﬁmte baclll:uy
forms. . :
X ?‘.21—9-‘—19.' Glacier Ice (11 miles south-oj-the‘fﬂut) —The fbllo&ing' culture's were
observed after 84 hours; some g10wmg at 37° C,, others at 18° to 20° C. o -
- T\\'fd;'sevr'u'?‘n dgar slopes. (a) Fine, discrete, greylsh white colomes
Two agar slopes. (a) Fine, dlscrebe greylsh white colomes, and (b) 'pézle ‘wh'ite,
L clrculzu growths. - - : ‘ SRR
Glucose agafr slope. (a) Greyish colomes fusing in a continuous, ﬁne smear.

G’elatme slope a) A few; fine, gleylsh co]omes, no hquefa.ctlon noted

" In a,ll four sets of cultureo were found —
. (@) Gram-positive cocci.

-(b) Gram-negative bacilli, sh01t and coccmd w1t]1 longcr, bacillary forms. .

' 289212 Gelatine stab subcultutes of (a (a) and (b) appear as fine growths similar
in appearance to the original cultures, with no liquefaction of the medium. -

Several gelatme shake cultures have small, fine, flocculent growths in the medlum
a.fter 48 (?) hours at 18° to 20° C no hquefactlon

" 'The original agar slope culfures  of (b) show short, stout, Giénl-neggmtive bacilli
- and swollen mvolutlon forms, s o R

N 1

o 25—9—12 A serum agar 5lope (a.fter 8 day& at 18°—20° C) has a few (a) pale
w}nte, cufcular colomes and (D) a fine, greyish, _fl}s@_d gl\p\vth so;newhat bluish in tinge.

(@), Gram—pOSItwe cocel,

t

* (b) -Short (m the main) Gram- negatlve bacllll. e
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Névé (50 males west of the Hut).—-A sledging party, under the leadership of Mr. C. T.

- Madigan, who returned to the Hat on September 26th, 1912, after a journey of two weeks
to the west, secured specimens for bacteriological examination. Dr. L. A. Whetter

; took chfuge of several sterilised canvas bags and gathered pieces of surface névé (a

. transition stage between snow and ice):in a situation 25 miles from the sea, at a distance

of 50 miles. west of the Hut, and at an.altitude of nearly 4,000 feet. During the latter.

half (25 nnles) of the westward journey, the party s track lay over billowy sastrugi

and fields of névé, rising gradially in long waves towards the south. The mean tempera-

ture, during the 14 days this sledging party was away from the Hut was approximately

—25° ., and the average wind Veloclty reg1stered at the Hut (at sea-level) was 58 miles

pel hour. On the pla,tea.u it must have been more than 60 miles per hour. "The specnnens

“were carried in canvas bags, placed in the instrument box on the sledge, and small
fmgments were ‘examined 1mmedlate]y after the arrival of the party. The actual

specimens were kept in a perfectly dry state, in" t]le outer verandah ‘at a tempemture
“below zero Fahrenheit. -

hY

r

7-10-12. Several grains of névé were thawed out on clean slides and the dl ops

' exammed under cover-slips.. There was the usual var 1ety of micro-organisms previcusly
“seen in specimens of ice and snow from the platea,u except for the absence of protozoa -
and yeast- -like bodies.

- (@) MICIOOOCC-I and diplococel, the latter apparently motile and some encapsulated.,

()] Bacllh, some rod-like (not more tha,n 3 u in length), short, stouter forms and
some curved; all actively motile. There were many bacili immobile and
clumped in zoogleea masses. ' “

11-10-12. Three agar Slopes, after four days at 18° to 20° C., show well-marked
gl owth. (a) In two tubes there is a greyish, fine smear a,nd a few white, cncula.l colonies.
(b) In the other tube there is a somewhat yellow1sh central growth, and an outlymg,
g1eylsh smear. )

* The gleylsh smear. shows short Gram- nega,tlve bacilli, many coccmd In appear-
ance. The whitg, circular colonies are Gram- -positive cocci. . .

Glucose _agar. slope, (@) A greyish ; smear (b) dliscre_t.e, _circular, white. colonies
' and a ye]lowmh clrcula.r co]ony o N

( ) Gmm negatlve, short. bacill, many (¢ oval and coccmd in appearance ; 2-5;1, in
maximum length. :

() _Gram-positive cocei.

' 14—10 12. “The original 'pultures and subcultures-of #évé are 'progressiAng slowly
-at 18° tO 20°C. .- - S - e ; . : Lo

19 10—12 One agar slope subculture shows a greylsh ﬁne growth W1th a frmged
border. Coccoid bacilli showmg involution forms. :

1
W
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Lake Ice.

In the deeper depl essions among the rocky outcrops of C'ape Denison are glacial
Jakes, the water of which is partly replenished in summer {rom the thawing ice and snow
- surroundmg them: For about six weeks, or less, in the summer, the ice, which freezes
to a depth of about six feet, thaws out. The ice itself is very clear and free from air
bubbles; in fact, it is like solid glass with a pale-blue tint. T.ichens, mosses, and algz
flourish for a few months around the lakes and penguins occasionally visit them. . All
.gross material in suspension sinks, and the upper layers of ice do not contain so many
bacteria as are seen in the surface layers of glacier ice. - - i

25-9-12. A cover-slip preparation shows relatively few micfo-bi‘ganisms;

" motile bacilli, short, long and curved, occasionally in zoogloemr masses; micrococct,

diplococei and zoogleea’ masses of cocel, .
Several cultures were made from lake ice.

' 97-9-12.  After 48 hours.at 18° to 25° C., there is shght evxdence of gmwth in .
two tubes.
30-9-12.  Agar slope. (@) Small; white colonies set in a (b) greyish, fine growth.
Serum, agar slope. (b) Greyish smear covering the lower part of the slope.
Gelatine slope. (a) A few white, circular colonies; noliquefaction of the medium
noted. o | : , . '

. Glucose agar. slope. (a) Discréte, white, circular colonies and (b) a fine, greyish
© growth. ' o ‘ o

* In the above cases appeared :—

( ) Gram-positive cocci in masses. :

(1;) Short, stoutlsh Gra.m-negatlve bacilli, the shorter forms coccmd In appearance.

2-10-12. Growth has proceeded slowly in all the'tubes ‘Smears give.the same

‘results as on30-9-12. ,

' Sea ] ce

Specimens were procured in a steule test tube close to the shore, on August 30th,
'1912. The meteoro]oglcal condltlons were —\de 50 mlles per hom tempel ature,.
—26-5° F.,with llght duift.

In "a” cover-slip preparation theré are - numerous bacterla "motile (?) cocci
(encapsulated) and motile, encapsulated dlp]OCOCCl atid short and long, motile bacilli,

A serusn agar slope (1), after three.days at 15° to 18° C., has a pale, v1scld g10wth
with a few outlying, circular colonies. Short, nodular bacilli.~

Serum agar slope (2). Greyish, circular colonies. Short coccoid bacilli. - ‘

5-9-12, (a) Glucose agar slope and (b) an agar slope have each pale, fused growths
spreading slowly. After (?) days at 18° to 20° (., these cultures were examined and
there appeared, (a) bacilli, short and stout with a few longer forms, and (b) yeast torule.

" Serumi agar slope (neglected), after 18 days at 12° to.15° C., is covered with.a’

pitted, yellowish growth. No smears were made. = - .. .- S
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- - Note on Glacier Ice.

During- the month of September, 1913, stezile specimens of ice were gathered
from a shaft which. was sunk into the blue ice of the glacier to a depth of 24 feet. The
shaft was situated about 20 yards above the discoloured area where morainic material
15, émbedded. Looking at cover- glass preparations of six specimens.obtained from the
surface, down to a depth of seven feet, one could roughly note that the micro-organisms
.present became fewer as one passed from the surface. Single free-swimming forms
were numerous down to a depth of approximately three feet, and affer that the bacteria
were represented by clumps and- Aoog]cea, masses.. Plotozoa and yeast- hke bodies -
were conﬁned to the sulface layers.

1

On October 9th, when the shaft had attained 1its gleatest dept]1—-24 feet—serial
specnnens were again examined. o '

24 fect. At ‘this depth small pieces of soil and gnt were visible in the .clear blue,
ice and bacteria were numerous; free- -swimming forms and zooglcea. masses.
A count of the bacteria was nlade on a hmmocytomater slide, and the approxi-
mate 1esult was 118, 720 nnc]o organisms per cubie nnlhmetre ) :

20 feet Ice blue and 1o foreign bodies visible. Hd,mocytometel count 19, 040.
micro-organisms per cubic. millimetre. Free-swimming forms and zoogleea
masses. ' ' )

12 feet. Aoogh}:a masses Vely numelous unduly Ingreasing the haemocytometer
‘count, which gavc roughly 1, 703 micro- organisms pel cubic mllhmetle.

6 feel. Zoogleea masses stlll numerous; 1,650 micro- mgamsms per Cublc mllh-
metfe. : ‘ \ .

4 feet. Zoogloea masses still pr'esent “1,093 micro- 01ganlsms per cubic mllhmetre

 Surface Ice (a few ‘inches below the surface). -containing protozoa and yeast like
bodies; 1,250 micro-organisms per cublc nulhmetle

These obselvatlons are necessarily very apploxnnate, and with pa,rtlal contamina-
tion of the ice by morainic material no generalisations can be made. * Still, there is.the
pomtlve evidence of numerous bacteria in the ice, .many of which in the thawed out-
“state regain their motility in a similar fashlon to the rotlfela

\ Snow. ‘ . -

Sastrugi Snow.  Freshly-fallen snow soon becomes compacted- by 1ts own welght
crusted over by the wind blowing at low temperatures, and then furr owed into wind-
waves or sastrugi. ~ The snow falls from the low altitude of a rain-cloud and may travel
some distance, driven by a b]izza.rd_, before it settles on the grofuid. One would expect
this snow to be free from organisms, but at th¢ Hut in Adelie Land specimens were
ga.thelcd from time to tlme, and in almost every instance were found to contain micro-
organisms. _

'20218—i{_ Vor. VII, Parr 3,
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25-7-12. Sastrugi snow (% mile south- east of the Hut).

Cover-slip preparations of specimens gathemd in a sterile Petri-dish show many
motile.bacilli, some slender and short, others longer and curved. like a vibrio, while some
are short and nodular. They are mostly in zoogleea masses; and even a single bacterium
has a pale capsule.. . Micrococci -and. a lanceolate .organisin like a flagellated infusorian
were also seen. ’ ' ‘

25—7 -12. A basin (jelly-mould with a, tjghtly ﬁttlng lid) was steuhsed in boiling '
water and dried with its lid on for more than half an hour in a very hot oven. 1t was
then carried outside on to a high, Jocky ridge. The air was charged with falling snow,
which' drove along in a wind of 50 miles an hour. “The temperature was below zero,
Fahrenheit. "The lid: of the basin was removed and some snow allowed to settle in the
bottom, after which the lid was put on and the basin carried back to the Hut. Here
-small pieces of the sample were transferred on a platinum needle to a-slide which had
been previously heated in the flame of a spirit lamp. ~ A sterilised cover-slip was put
on the thawed snow, and the preparation viewed with a ¢-in. objective. . Motile bacilli,
short. and slender; longer and curved, mostly surrounded by a pale capsule; zooglwa
masses of straight and curved bacilli; no micrococci seen.  The preparation was stained
a.nd a few Aoogloea, masses ot cocci were observed. ' ' '

27-7-12 Sastmgz snow (% mile south east of the H ut). ' o

~ Agar slope. After forty- elght houis at 37° C. are seen (a a) a pa.le, hlsed gr owth
a.t the lower part of the medlum a,nd (b) a 11dged and pitted mass above thls

(@) Gram- posmwe coccl. )

(b) The bacteria were later found to be Gram—neg‘mtwe, sporing baollh

31-7-12. Agm slope. The pale growth has become lemon-yellow m tint like
Staphylococcus pyogenes cubreus. Glam posmwe coceus.

3-8-12.  Sastrugi Snow (obtamed n a sterile Petri- dzsh 1,000 ycmis back on the
slope of the glacier—In a cover-glass prepa.ratlon there are bacilli, nucmooccl, diplococci
and protozoa (’l) , : ‘

Falling Snow. - A cover-slip preparation shows encapsulatcd dlplococcl, bhOI‘t
strings of cocci, single micrococei, a few segmented motlle ba,cllh and- some zooglea -
masses of bacteria.

7-8-12. Drift Snow (gathered 1,100 1 Jards south of the H ut)

Glucose aqar slope (previously incubated) shows several small greyish colomes, after
twenty-four hours at 37° C. - :

Serwm agar slope (1). 'No ngWth

Serum-agar slope (2). No gmwth

- Tlese cultures became neglected owmg to other work, and 1o smears were 111‘1de
from the ﬁlst
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© 90-8-12. . For the past few days there have been heavy falls-of snow, with thick

drift and blizzard wind. Fresh snow was gathered in a- sterile vessel. Cover-slips

preparations show micrococdi, diplococci and bacilli, with Zoogla:a masses of bacteria;
_doubtful organic matter in the form of short (;y]indei‘S, ve_i‘y like vegetable cells. -

L . Sorws.
Morainic Mud. , _

. Morainic mud at Cape Denison, Adelie.Limd, 15 the soll of the continent which
has been carried a variable disté,nce by the moving glacier, and deposited somewhere
near the junction of morainic boulders and glacier ice.” A number of samples of this
deposit may represent soil from a dozen localities hundreds of miles from one another;
just as the stony rubble of the moraine represents specimens which may typify half
the continent of Antarctica.- So the samples of morainic mud were precious as an
epitome of the bacterial flora of a wide area. It is rational therefore that one may
generalise from the results obtained. '

That this. seil will support vegetable life s ev1dent from the following
expemnent —During the spring of 1912 a smell box of morainic mud, occurring as dry
powder, was collected: at the terminal moraine. Seeds of Federation wheat and T Tnghsh
xbmley were sown in it, the soil belng wateled and the box kept inside the Hut olose to
where & maximum amount of light came through one of the roof wmdows " The seeds
germinated and aplouted profusely to a helght of 8 or 10 mches The 5p10uts were
yellowish-green in colour.- : :

The falling slopes of ice behind the Hut in Adehe Land are furrowed -out by '
channels, down which thaw-water streams for the few weeks of the Antarctic summer
The ice itself is-very discoloured, and: wherever there are foci of rock, pebbles, g].lt or -
soil, thawing is most active, because of the absorption of heat by these foreign bodes
exposed to the sun’s rays. The Soil, therefore, which has arrived full of its indigenous
life, is contaminated—if such an admiXture has not already occurred— by these
" rivulets of water contalmng the bacteria and other micro- organisms peculiar to the.
ice and snow. The soil when wet is dark or greyish brown in tint, but when winter
comes and all moisture freezes, the mud is compacted into clods, which may dry in an
atmosphere of low humidity into a bluish, friable powder. It was from this bluish
- powder that most of the specimens were taken. - |

o 22-8-12. A cover slip preparation of a small particle of the dust in solutlon
swarms with bactena Gmnl-posmve micrococei and diplococel and ‘Gram-negative,
short, stout bacilli and longer rods. The bacilli and dlplococm are aotlvely mot]le the
micrococei seem motile to a lesser degree . .

Cultures were made and grown at 18° to 20° C. 4

In three cultures of gelatine nothing is visible after 24 houis. .

Agar slope. Very fine, greyish colonies growing slowly and commencmg to
fuse. Gram-positive cocel in masses. mixed with (}mm—negatlve, short bacilli, some
rather nodular in appearance. . - L 0T n g :

'
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* 26-8-12. In a glucose shake culbure, after 72 hours at 18° to 20° C there are,
adherent to several minute particles of mud and -scattered throughout - the mediim,
:many minute, pale coloniés.

Three gelatine cultures. Sphenml white growths in the medmm and on the
surface in one instance. No liquefaction of the gelatine. Small, shmt blunt Gram-
positive (?) bacilli. ) .

© Seriom’ agar slope (‘?) (a) Several pa]e smears contlguous with nunute pmtmles of
dust and (?) (b) dlscrete, circular, white colonies. : .

(") (¢) Gram- posmve cocel,

Y(?) (b) Gram- negatlve bacilli, as slendel str mght 10ds —

o Glucose agar slope. Circular, white colonies 'growilig slowly. - Gr'am—positive'
cocm in-staphylococeal masses ’ Co R C ' :
Agm slope. Glowmg out f10m seveml mmute pmtlcles of gut thele are W]ute, ,
glistening smears. A fairly ]arge Gram- pomtwe cocéus. | ’

20-8-12. Two of the gelatme cultu]es ha,ve become mfected WIth the gleen
.mou]d—Pemczlhum o _

TFrom fine, whlte .colonies on three other tubes subcultules were made- and.
grown at 37° C.; no g10wth appe‘mng ‘Lfte] three da) $ on a. serum agar slope.
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© 30-8-12. A subculture in gelatme of the Gram- poeltlve coccus produced a

: wlute glistening growth similar to the one described on the agar slope (29— 8—12)

N o hiquefaction of the medium. )

5-9-12. Several culture tubes have become mfected by Penicillium.

A serum agar subculture appears (a) as a white growth.spreading qulckly; and

‘ lb)'url isolated brick-red colony. :

(@) A coceoid bacillus showing involutio,n forms.
~ (b) Slender bacillary rods. '

-

" A glucose agar subculture of, () shows a very fine; greyish. smear with a fringed
border (viewed with a lens). A coceoid baclllus showing involution forms.
"\
M acgucme Island Sozl

A specuuen was collected in & clean bottle and corked in December, 1911 durmg
the stayof the “ Aurora ” at the Island on her first voyage to 'Antarctica. . At the time
there were no sterile tubes accessible. On Wireless Hill, approximately 300 feet above

. the sea, where the specimen ‘was taken, the soil is dark and- ‘peaty. Skua gulls abound,

:-but no penguins or sea- elephants are seen at this altitude. Macquarie Island is a lofty

mountain peak pushing ip from the bed of the ocean out, of a depth of about 2,500
fathoms, in latitude 55° South, longitude 160°. East, approximately. . It lies almost
mid-way bétween Antarctica and Australis—an isolated link of the volcanic chain

: connecting New Zealand and South Victotia Land—and its bacterial flora: should form

at some future time an interesting subject of research. ‘The ‘meagre results obtained
f1om thls specimen, roughly- gathered, are recmded in the Bactemologlcal Log - —;

5-4-12, A gelatine culture (after 48 lrou_rs at 15°-18° ‘C.). = Minute, greylsh )
white colonies on the surface of the gelatine; slight liquefaction of the medium.,
Rod-like bacilli up to 5u in length. -

Glucose agar shake culture (after 48 hours. at 37° C.) shows numerous gas
bubbles, which have disrupted the médium, and greyish growths Bacilli, somewhat
coliform in cha,racter many with bipolar markings. '
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1

- The gelatine..culture afterwards became 1nfected by -an organism smul:u to
. Baczllus subtilis mycozdes a.nd no subcultures were made from the ccolonies in glucose
agar. .

Marine Mud.

There was httle opportumty to make bacterlologlcal emmlmtlons of marine
- mud.. In the boat harbour at Cape Denison dredgings were done during the winters of
1912 and 1913. Dark, rather strong- smelhng mud came ip with the dredge out of
four fathoms of water: Later, when the ““ Aurora” sailed south on her final cruise,
- gysterhatic trawling was done in depths up to 1,700 fathoms, in the vicinity of the
. Antarctic Circle. Specimens were collected and cultures made at various. St‘LthDS
These ‘were examined at the Bureau of Mlcroblology, Sydney, and ‘thie 1esults appefu in
Chapter V: A single record appears in the Bacteriological Log :— '

A

‘October 3, 1913. A cover- glass preparation was made from mud of ‘the hoat
. harbour at Cape Demnison; depth, four fa,thoms Many bacteria present; cocel and
‘ "motlle bacilli of various types ' ' ' A

Seveml slides, which were stmned by ca,rbol fuchsin in” Adelié Land, were, in

. -Austlaha., decolourised by .acid alcohol and re-stained by - Gram’s method. - They: show
. the following, in the specimen of marine sedlment taken f1om the boat harbour ‘tt
Cape Denison :— . . . ‘ o :

-

Bacterla are 111 moderate numbers oL s

) ( ). Gram-negatlve beicilli (2-5p in length -8 1In w1dth) w11;]1 longer culved fonns,
' _some are coliform in appearance. -~ ~ cr .

(b) 'Gra.m—posmn'fe micrococei (-3 in diameter) and 'dipidcocéi,‘ in clusters. '
G0l (¢) Slender, Gr_am-negqtive bacilli (2 in length, -2 in width). ‘ |

AP -
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CHAPTER V

ANTAROTIC SPECIMENS ¥

CULTURES SUBMIT'I_‘_ED_ FR:OM_ SoiLs; &o.
Ice: . N ‘
Nive cultures from ice were submitted. Three of. these, . Jabelled “ 17-1-14,”

“29th” and “21-12,” showed no colonies a,nd were dlsoarded the remaining six
were on agar slopes and showed growth. ' '

No. 1. 17-1-14 (? )—-—»WhltlSh growth ; Gram posmve ‘ yeast.”

No. 2. 5-1-14—A. fine growth on agar; roundish oval,. medlum sized coceus,
GIH.III -positive, showing a tendency to lie in chains.

No. 3 17-2° (‘?) 14—Pink colonies with a whltlsh growth .Lround Gram-pomtwe
* yeast,” with.cocel similar to No. 2, L

Y

No. 4. 17-2 (?)-14—Showed. a fine .growth of oval, Gram- posmve coccl.

29

No. 5. 29th—Showed pink colonies ‘of Gram- posmve “ yeasts

mixed with cocel
.as in No. 3. ' -

No. 6. Fine growth of small cocc’i 'as in No 2.

Suboultures of all the above were made on 9—3—14 as follows - :

No.1. Showed pure cultures with yellow Gram-positive yeasts v formi.hg‘:
around the colonies. e )
No. 2. Fine growth of Gram- -positive coccl. , . v

" No. 3. Pm]{ Gram- posmve yeasts.”
No. 4. Was overgrown with mould. L e
No. 5. Pink colonies of Gram-positive yeasts C

' No. 6 Tine growth ‘of Gram-positive cocel:

 Subcultures were also.made on 5-6-14 - o ' S
No.1. Gram- pOSlthG “ yeasts ”’ formlng cream around the colomes
No. 2. . Very fine growth of soa.tj:eI_ed, Gram-positive .cocm. e
.+ Nos. 3 and 5. Showed pink growth.of Gram;positive “ yeasts.”

* No. 6. .Showed a sca;nty 'growth of'a G'rfam-positive COCCUS.

.

- Summary.—Three of “the oultules ‘showed the presence of ° yeasts two "of
them giving a pink growth on agar, one, a creamy yellow growth. Two cultures
showed the presence of a Gram-positive coccus producing a fine growth These two
cultures of cocei died out:in subsequent subcultures. e

*].hu following report, compllul by Drs J. B. Cleland, E. W. Per&,uﬂ(m, and K. Smith, is a s qummary of pn.rt of tho
work done on various specimens Rllbl]]ltted to tho Burcau of ’\‘[wrolnolog\ Sydney. ;

i
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H

. - The * yeasts 7 from the i ice were tested further on agar, serum, potato, and .
broth with the followmg results =— - .
No. 1. Agar—A creamy, translucent growth with a pmk tinge.
Serum—A creamy, whitish growth.
Potato—A yellowish growth.
- Broth—A-slight turbidity,
No. 2. Agzu——]?lnhsh growth. - ) ) .
. Serum—Pinkish growth. . 7 e
~ Potato—Pinkish stain. ' N ' ‘
* Broth—No turbidity.
No. 5. Agar—Scanty whitish growth; glowmg slowly
S »_Serum—Whlte colonies growing rapidly. . - =~
Potato—No change visible. . ' '
: Broth—No turb1d1ty '

As the original of No. 5 showed pmklsh yeasts, ” these ‘subcultures had
: probably become. contamma,ted with some other orgamsm ‘

_ : Moss: Soil.
Four cultures of moss soil were submitted. e

No. 1, dated “ 17-12,” showed a Gram: :positive yeast

No. 2, da.ted “26-1,” showed a Gram-positive (but. poor), modem.tely elongsted
moderately thlck sporing bacillus ; spores elongated, and subterminal. The growth
was hedped ‘up ‘and thickly wrinkled. “Subcultures showed an even gwwth of fawnigh-

white colour and were dry and granular.

This culture was further tested, and on agar showed a. whltlsh honey-coloured
looking growth on .serum, a whitish honey ooloured looking g1owth on . broth,
turbidity with a white scum on the surface.

Nos. 3 and 4 showed the presence of'a yeast

Nos 1, 3, and 4 in the original showed a heaped-up, dull yellow gmwth The
suboultures showed fine, whitish colonies. :

.  Re-subeultured on 20-8-14, Nos. 1, 8, and 4 showed the plesence of a yeast,”
' and No. 2. showed the presence of a Gram-positive, sporing bacillus. - :
The “ yeasts ” were sepai.'a:tely cultured on agar, serum, potato, ‘and broth. |
On agar they showed 'a scanty, muddy-coloured growth, spreading slowly; on
serum, a fine growth; on potato, one produced a brownish-yellow, raised, growth, the
other two showed no visible change ; ‘there was no tulrbldity in broth.
- Ahaer,obic' cultures were made, 'with negative results. o
Morainic Mud. o _
Six cu_ltulos five -on agar slopes and one on gelatine, made on l3th D(,cember-
and 16th December, 1913, and 14th January, 1914, all showed no ‘growth. and were
discarded, :
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: * Snow. g
No. 1, on gelatme, date undeclpherable No growth
No. 2, 17-12, on agar slope. No growth.
Z\ITo. 3. Discarded.
‘ - Lachen Sozl
e Of elght culttues four showed no-growth and were discarded.

No. 1, dated 4-1-14, on agar slope showed a pmk growth
No. 2. No date. * Pink growth. -

 No.3. 14-1. Agar slope. Pink growth. -

: No. 4. 17-2, Serum. Pink growth.

Suboultiures—Nos. 1, 3 and. 4 showed no growth and were discarded. In No. 2
there were Gmm—positive “ yeasts.”.- On agar, the subculture showed a fine, whitish
.growth; on serum, a whitish stain. No growth was produced on potato or broth

y

1

Anael obic cultules Were ma.de with negative results. '

Mud from Sea Bottom.

v

rature 0-3° C thick ooze and rocks. On gelatine. No growth. _
No. 2, 17-2-14. 1,520 fathoms. Latitude 64° 37" South, longltude 108° 50 East
Agar slopes. No growth.
No. 8, 26-1-14. 300 fathoms. Latitude 65° 47’ South longmude 90° 39’ East.
" Agar slopes. White growth.
. No. 4, 12-1-14. 300 fathoms. Off Queen Mary Land. Aga.r slopes Creamy
growth. : . s

Nos. 3 and 4. Stamed these- two cultures showed short, thlcklsh Gram-

negative bacilli, often in pairs, showing a tendency to retain Gram’s stain. In sub-
cultures the growth was almost coliform. -

These subcultures were not tested again until 10th August 1914 and. then

showed the presence of a Gram-poor bacillus.

MATERIALS FOR BACTERIOLOGICAL EXAMINATION, C

~In addition to the cultures submitted, a numbet of sea)led._test‘ tubes were
forwarded containing marine mud, for the purpose of bacteriological investigation

The contents of these tubes were all treated in the same fa.s]non which may here
be bueﬁy described.

The tube’ was opened “and a small portion of the contents emulsified n sterile
tap water. From this cmulsmn in each case, two agar p]ates were inoculated, the
emulsion béing thickly smea,led over the surface.” One pla.te was labelled “_A ” and
the other * B.”

.From the same emulsion glucose broth tubes, covered with 011 were Inoculated,

and also glucose agar slopes, these being grown under anaerobic conditions.
l '202]8—1 Vou, VII, Parr 3,

No. 1, 1,700 fathoms. Latitude 64° 34" South, longitude 127° 17/ East Tem'pe-.,

®
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One boxful of tubes was first treated in this manner. The box contained the '
following materials; all being in test tubes sealed with wax : :
. 1. Mud. 300 fathoms; latitude 66° 55" South, longitude 145° 21’ East ooze, \Vlth
diatoms; temperature 1-8° C. :
2, Mud. 240 fathoms; latitude 66° 52’ South, longitude 145° 30" Bast; ooze.
3.'Mud. 230 fathoms; latitude 65° 48" South, longltude 137° 32" East; ooze (no
fishes); temperature 1-4°-C.
- 4, Mud. 150 fathoms " latitude 66° 32’ South 101101tude 141° 39 Last ooze;
5, ., 150 fathoms J S tempela.tule 1 62° C ‘
1. Mud. 300 fathmns, latitude 66° 55" South, longitude : 145° 21’ I}ast ooze,
~with diatoms; tempera,ture 1-8° C. The tube -contained a greyish, semi-plastic
ma.telml adherlng to its sides. - - S ' o

"

Plate’ 4.—One large and two sma.ll round _creamy, semi-translucent- colomes
Stained by Gram’s method, both types of colonies showed Gram- -negative colon-like
bacilli, short and. long forms bemg plesent in the smaller colonies. S

. The orgamsms were tested on agar serum, potato, gelatine; and the ﬁve test
“ sugars’ (glucose, manmte, dulcite, lactosé and saccharoso) _ B
Agar.—Whitish, creamy, semi-translucent growth, o '
. Serum.-—~Whitish, slimy growth. “
Potato.— White growth. .
2t Gelatine. —BScdnty, whitish growth down the needle tracI\, canty growth on the
surface ; no liquefaction of the media. - |
v: . Sugars——No change took place on the first five ° sugars.”
Milk—No change.

Plate 'B.-—One large yellow colony and. sevér: al ey ca,my colonies. Four cultures

- were stained by Gram’s method. -
Yellow ¢olony—a Gramn- posﬂnve coccoid form (% “ yes xst ). S
- Creamy growth- (two colonies)—a Gmm—negatlve oolon—hl\e ba.clllus, inrone case

>

showing short and lonor forms.
Tine, clear growth—a Glam negatlve, culved baolllus or v1b110

A gar, . . Serum. . Potaton. Co Gelatine,

“ Yeast”(?)| Yellow growth ~...|Raised, yellow growth|Yellow, raised|Scanty growth down the needle-
Cee S ’ o o growth. - track, spreading on top around
N she point of inoculs ation; yellow
) o " slightly wrinkled.
_Vibrio -...|Fine, greyish-white|No apparent growth,..|No change ...|No change (? subculture died).
.| colonies.’ ' ; o » o
 Coliform - e ‘ ) :
i, Baeilli (1) White, slimy growth|Small, white colonies...|No change .. Nll (? Allve) ' )
/ '(2)| White, slimy growth| White, slimy growth...|No clmn‘ge ...| White growth down the track arid
- . : . spreading out.ontop.. . , ¢

¢ -:On the “ éuga.ré >’ the vibrio and the.coliform bacilli 'prloduced no 'c.hange. Milk
was not affected, - - LT e L

+
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Subeulture 23-3-15. From subculture dated 20-9-14.

l A 1. Spreading, semi-transparent, oohform growth. Stained. ‘A narrow, Gr am-
negative, collfOIm bacillus, mostly small but some la.rge serpentine
fo1ms :

.2 No glowth' Later a wlutlsll sl1my growth af the top ofthe tube, whicli
stained as irregular Gram-positive bacilli, like Bacillus diphtherice, w1th‘
short, curved forms. -

l
I. B 2. Abundant’ growth of 1a.1s.ed rounded colomes lemon yellow in colour.
Gram-positive ' coccus In masses, amongst wlncll were some lar rge
forms. '

3. No growth. Re-inoculated from another culture of 8-4-15. No growth.
5. Nongrowth.‘ Ditto. ‘ - _
= 6 No growth Ditto. . o ;_ I - .

2. ]W ud; 240 Sfathoms, datitude 66° 52° South, longltude 145° 30 East’ ooze. —
. The, tube contamecl a greylsll material adhering to-its sides. :

“ Plate A —Several large, wlutlsll grey colonies of a mould. One SHI‘Lll cmmtcd

-

ycllow1sh colony—a Gram-positive bacillus, : i

Plate B—~chera.l colomes of a’ mould and one’ ‘small, yellowmll colony of a.i-.
Gram-positive b’LClllus L o : o . l

Tlle Cram- posﬁ:lve b%cﬂh were tested on serum, potato, a.nd gel«mne -

Agar. s Serum. B " Pota.tol . IR Gela'.t.ine..
) e oL . - ) . E

A ' White, caramel-like,|Moist, whitish pellicle,{ White, -honeycomb|Large bubble of liquefaction at *
raised growth.  “J- wrinkled at the edges;| growth, medium|- the bottom of the bubble a
: : dlgests medlum ‘ dirty yellow., thin; somewhat wrinkled

. ‘ ‘membrane and whitish growth

S, . L . down the needle track.

B | Yellow growth”  ...[Pale yellow growth - ...|Yellow growth ...|Scanty growth.down: track, and '
_ B - . ) a heaped up yellow growth on

top

K

Subculture 23-3-15. From subculture dated 20-9-14.

TI. A 1. Deuise, whitish growth like enamel; Gram-positive bacillus, with long and
j » slender forms, and later showing spores.

IT. B 1. Lemon-yellow growth of rounded colonies. A Gram-positive oval coccus, -
ot cocco-bacillus—more like a baolllus—some appear Gram- negatlve

8. Mud; 230 fathoms; latitude 65 48 South, ]ongltude 137°: 32 East ooze (no-
ﬁshes) “temper ature 1- 4° C. ‘

. Hard caleareous fragments. r.- . .
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Plated. .
’ - Plate A—No growth. . '
Plate B—TFive ébloni@s a,pp‘éare(fl o N
(1) Gram-positive coccus.
(2) Gram-positive “ yeast.” ) \
(3) Gram-negative .bacil]us.l Subeultures show ' the wrinkled, White growthr of -
(4) Gram-positive bacillus. | a spoiing bacillus. '
(5) Long, thin, Gram-negative bacillus, not acid-fast..
\ ' CULTURE REACTIONS. .
‘ Agar. ' Serlm;l. : Potato.,  ~ Gelatine., . ) Broth. | Sugar Media.
| |White, - slimy| Whitish growth' _..|Dirty, greyish brown Whitish- pellicle-like Tarbid. | oo
growth. : growth. - growth down the| No
: track and around| chaihs.
the punicture. -
2 | Pink growth..... Pink... .| Twd pink colonies. Scanty growth down | Turbid

White,
growth.

Yellowish

-growth.

Greyish white,
slimy growth.

slimy

Liquefied; " reddish
tinge. - A
White, filmy gro wili ;

ium.

Yellow, slimy growth

digests the mad-|-

Raised, slimy, ..
brownish growth.

Honeycomb growth ;
medium - dirty
yellow.

Scanty yellowisl,
- pale growth. ’

the needle track

and heaped up on|"

the puncture. -

No (;ha.nge-.“_ Sub-

cultures show nol-

growth.

Liguefied, flocculent}

growth. in  they

liquid and white} °

pellicle on top.

Fine growth becom-
ing narrow downd
the track; around

. the puncture yel-

_ lowish.

------

No change,

No change,

b
b

Subcultm;e 23-3-15. From subculture da,tedl20—9.—‘14..:

ITT. B'2-No growth. . Re-inoculated from another culture of 8-4-15 and incubated.

No growth..

3. No gro\vﬁh. Ditto.

" 4. Copious, wrinkled, white grbwﬁh, with irregular edges. Rather short,
Gram-negative; sporing bacilli; a number distinctly Gram-positive, -
Probably the ¢ld forms are Gram-negative. . ‘
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5. No growth.

5. (Second tube.)

occulred fmm neglect.

oon’camlng spm €s.

Re-inoculated from another culture of 8-4-15.

McLEAN.

69

No growth.

Abundant whitish growth, wrinkled. Moderately long,
moderagely thick, Gram-positive bacilli,
positive bacilli

and shert,- oval, Gram-
~ Probably qontanﬁnation has

4. Mud; 150 fathoms latitude 66° 32 South longltude 141° 39" Ifast; ooze;.
“temperature -1-62° C.—In macroscopic appearance, a greyish ‘material with a shght
.greenish tinge %dhermg to the walls of the test tube.

Plate A.—(1) Several cneamy colonies—a Gram-negative, coliform bacillus.
- (2) Several smaller, yellow colonies—Gram-positive cocel.
Plate B.—(1) Several creamy colonies—Gram-negative, coliform bacilli.
{2) Several minute, yellow colonies—Gram-positive diphtheroid bacilli.,
Cultured Characters.
Agar. © Serum. " Potato. Gelatine. Bl‘bti]. © Sugars.
A 1| Whitish, slimy! Translucens, |No 'change Scanty growth down “ Acid ” in glucose s
_ growth,asin B1.] whitish the track, spread no change on the
. : - growth. out on top, trans- other “* sugars.”
lucent and opales- ' '
cent.
A 2{Abundant, yellow,|Yellow Yellow Slight growth down -Turbid, no .
) separate - colon-| growth. growth.. | the needle track,| chainfor-
. les, raised and{- . to- heaped up above| mation.
rounded.. _and yellqw.
B 1]8limy, whitish Crearﬁy, Wh;'..tish Fine growth down| ...... | .
growth; in| whitish “growth. the track; thin,
*spreading parts,|  growth. ‘ : translucent
; . white, semi- growth on top but
translucent and thicker in the
coliform. - . centre.
B 9| Yellow ...{Golden. 1Yellow ...|Bcanty growth down .
. yellow’ ' the track and|-
growth. heaped up on top;
) growth yellow

5. Mud; 150 fathoms: latitude 66° 32 South, Jongitude 141° 39" Kast; ooze;.
temperature—1-62° C, G_reenish.-grey material, adl}ering to the sides of the tube. .

Plated..

Plate A—Two la,rge, round, greylsh colomes of 3 mould.’

Plate B.—Two smular colomes

The cultures were dlscarded.~ '
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CHAPTER VL* .-
&

COMPARATIVE SUMMARY—BACTDRIA. Oor IC]] AND: SNOW

_ THE reseaiches we iere able to prosecute in n ihie subject of the b%cterlal flora of snow
and ice have given rise to certain queries which, if accurately answered and correlated
to the work of four previous observers, should go far towards an ‘elucidation of the
bactejiology of Antarctica as a whole.. One is always liable to pass rapidly from the-
particular and local truth to the general conclugion, and so the facts as they stand.
should be marshalled and thor oughly analysed in view of their unusual interest.

Dr. Ekeldf, whose investigations, for neatly two years,. of the soil of Snow Hill
Island, near Gmlnm Land, were rich in results and of great smentlﬁc_valuq, made
experimental exposures of Petri plates for possible bacteria ‘in the air. He found
positive growths on at least half of his culture media, claiming. that a Petri plate had
. .to. berexposed for two houis for one bacterium to settle on it. ~ Rightly he comes to the

conclusion, on the evidence of his e‘cammatlons of soil and on account of the boisterous
- and unpreceden‘ced weather condltmns of his Antarctic station,. that the organisms he
- obtained.from the air were impurities carried.into it by the. wind from.the .soil. But.
_there still remains the chance that some of the bacterm had an ‘Lenal origin.

".i

" Dr.-Gazert, when frozen in the pack-ice to the rioxtl] of. lxzuser “Willielm IT. Land \
sought for bacterla in the atmosphere by making cultures of freshly fallen snow. The
cultures were found in every mstance to"- be sterlle ' ‘ : i

" Dr. Pitle, duung his voyage in the Weddell Seq, exposed plates 'md tubes in the'.
crow’s nest (at the top of the mainmast) of the “ Scotia,” at the longest for-20 houls, '
with negative reqults During the winter months at Scotia Bay he pwas unsuccessful n

similar -experiments ; -as also during the summer ~He records, too, that plates of agar
and medm (for demtnfymg orgamsms) were .exposed on top of the deck l‘thI&tOI‘y
during the voyagé in the Weddell Sea in 1903. He considered the last-named cultures
to be unsatlsfactory, owing to the possibility of contamination from the ship and fr¢ om
spray.  Growths of (apparently) Staphylocdccus pyogenes albus and of yellow coceus
posmbly Staph Jlococcus pyogenes cmeus, were Obtmned a.nd “also” denltufymg
organisms.” . : . . : ‘ o ' - } t
_ With_this evidence before ) us, 1t 1s mstructwe to learn that Dr. ‘Atkinson, of
Cmptmn Scott’s British Antarctic Expedition (1910—-1913) apparently made bacterio-
logical .examinations of snowT : - .

“"Atkinson is pretty celtaln that he has’ 1solated a very motile bacterium in the
snow. It is probably air-borne; and, though no bacteria have heen found in |
" the air, this may be carried in upper currents fmd blought down by the snow.
Tf correct, it is an 1nterestmg dlscovery

Lk NoTe.—A summary of this chapter has alrcady nppcarcd in Nutun 2L ondon, 1918, o
. St Scott's Last Expedition. Vol. 1, p. 211, 1913.  We have l)u,n uxml\ll. so* far to confer: \\1 th. Dr.. Atkinson with
- reference to his nctual results and general conclusions.

A
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.. Lastly, so- far ‘biick"a,s 1893, it is'the record of Nansen in “ Farthest North * that
. he made’ frequent mlcroscoplc examinations during the second summer of frésh water
pools on the floe-ice of the' north polar basin. Alge and diatoms were proved to
germinate at the bottom of. these pools, providing the food niaterial of tnfusoria and
ﬂagcllata Bacteria, he says, were occasionally observed. - Again, Nansen noticed that
~1n places the surface of the snow was sprinkled with dust, and was led, after- more
e\{tended enquiries, to regard the phenomenon as universal ovei the north pola.1 sea.

* He ‘attributes this fact to floating dust being carvied by lofty air currents fmm southern
» lands, and then descending to the. sulface in falling snow.

Doubtless, too, one’ may infer that equatorla.l air currents at a high altitude
© convey myria{ds'of dust-motes towards the south pole, where they descend, free or
clinging to snow particles, over the great ice-capped contineént of Antarctica. And as
-evidence towards the probable truth of this speculation, we have been able to. furnish

e some Jsolatcd observations. :

The locus of the Main Base of the Australa.slan Antaretic Dxpedmlon in Adelie
"Land was singularly fitted for research of a genera,l character on ice and -snow, since -
herc the gleat inland plateau undulates downward in névé-fields, declining gladually
for hundreds of miles, to fall abruptly .in glacial 510pes to the sea (Plate«17 ). In fact
we_were on the .verge of the Contment with no naked. mountains or outcropping’
" nunataks* encnchng us to ‘the south, S0 fa.r as we were able to judge from sledging
journeys into the interior. That is to say, there were in’ the hinterland no indigenous
bn.ctena of Antarctic soﬂ liable to contaminate the ice and:snow, and, as an additional
: safegumd so to spea.k there was a continuous torrent of air always blowmg towards
»the north. The average hourly. velocity of the wind, during our two years’ sgjourn in
Adelic Land, was actually almost 50 miles per hour. The main base (Plate 18). with
~its few rocks was at sea-level, and behind it mourited the glacier back to, the vast,
up]a.nd pLun w]uch extends southwards, for the most part at a height of 6 000 feet,
" acrdss the clown of the pole, itself at an altltude of more than 10, 000 feet.

- It will be seen, f10n1 a perusal of the section deahng \Vlth oultules of ice and

: snow, that the results obtained from an examination of frozen alge and frozen seaiveed

led us to enduire furthér. into. the bacterial content of the glacier icc—apparently as

_pure as distilled water. In fact, it was through using the thawed ice in various

“cover-slip prepaldtlons that our attention was first directed to the  presence of bacteria

g in unusual numbers, a.nd more systematlc observatlons were then made on the upper
slopes of the gla.mer :

‘The organic corltent, of f1ozen algze makes a suitable pomt of depa,lture n
considerations of a general character, for in these dirty greén lumps of ice are repre-
N sonted praotloally the - Whole of - the low hfe whlch GXJStb and a,ctlve]y multlphes in

* The \Vc.stu'n Party. under Mr. ¥. H. Bickerton, (!lqw\uul a small pieee of ruck on tho snow at a height of SLOO'
feol, 17 miles south- west of the Hul in- Adelie Lu.u(l 1hls was suhscquunly monilhod in ‘\klbourn e by l’rofesmr Skeatg
and Mr. Stillwell as. a. meteorite, .

[
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Antarctica ; -a]gae, diatoms (unicellular _algaé), protozoa, rotifera and bacteria. The
alge (including the diatoms) are.universally found, according to the scientific reports
- of other Antarctic expeditions, as marine or fresh water types, in the ice-girt zone
B surrbunding the Continent. In Adelie Land, one became accustomed to note in the
- .summer time that certain of the thawed pools among the rocky ridges were filled with
a greenish slime—the filamentous, multicellular alge. In the winter. the ice ‘is
- discoloured a greyish green tint, while any slimy strands on the swrface which are not
~ incorporated with the solid ice become extruded in the air and soon dry into dirty grey
tufts. In this friable form they are most suitable as test-tube samples, and numerous -
-specimens were carried back for examination in Australia. :

Compaung results in Adelie Land and in Austla.ha it is evident that at least four
: specles of bacteria exist in the frozen alge :—

1. Gram-positive cocci, with fine, white colomes liquefying gelatine very slow]y
were almost invariably obtained in cultures.

2. A Gram-posmlve sporing bacillus spreading as an abundant, pale, Wun]\led zmd -
adherent growth on all media.

" 3. Gra.m -positive, chained bacllh “oceurring as a white, profuse growth on all
, ‘media; In cover-slip preparations of the ice, chained: bacilli were always seen.

4 Short Gram -positive bacilli, showing on agar a mllky white " growth, which
' a.ftelwards became ye110W1sh n tlnt '

. Ttis probable from. the Log.record, that cocco-bacilli and other bacilli are also
presenit; for in Australia it became obvious that.the dried specimens of algae contain
bacteria, fewer in numbers-(and doubtless In_species) than appear in the thawed ice’
- locally examined. o : ‘

The fact of the mere presence of bacterial life in frozen algae would not seem -
remarkable along the fringe of the Continent, where lichens a.nd mosses thrive. dunng-
the short periods of warmer weather— and where there is a continuous aceession of low
. life from the sea, the soil and ‘from animals. It is only natural to expect them, and
. to infer, further, that they migrate for a variable distance into the all-enveloping mass

- of ice and snow; to all intents. and purposes free from organic life.

- Frozen seaweed, procured as a substratum of fresh water ice, produced Gram-
‘ posmve coccl and bacilli in smears, and, 1n culture, a slendel Gram-negative bacillus,
This sesiweed had been at one time washed up—maybe in a subglaclal channel—by the
waves,\and then had become encased in moving glacier ice. The specimens 111 questlon
came from the bottom of a glacier shaft of 12 feet, some 40 ya.lds from the sea.

Aga.ln in morainic 1ce—ma01oscoplcally pure but for particles of 3011 and grit in
small amount—protozoa-like organisms were present, and in ‘'several cultures appeared
~ fine, white colonies of Gram-positive staphylococci together with the Gram-positive,
soring ba.cllh of the white, wrinkled, adherent growth already described,

[
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When our observations had arrived at this juncture, there was a clear indication
‘to go farther afield in the examination of the ice; at all events to see the extent of the
local bacterial flora. So specimens were pr oculed from various points, flee from
obvious contamination, on the a,scendmg glaclel

A detailed a.ccount is glven in the Bacteriological Log of the various precautions
“which were taken to eliminate fallacies, and of the conditions of environment under
\\hlc]l the cultures were made. Thus, nothing more than a bare summary of the
results will be necessary as”a preface to any 111duct1ve conclusions which may be
drawn,

1. In a Magnetic Cave, cut shaft-like through the slope of blue ice, about 1,100 yards
- south of the Hut, at an altitude of 300 feet abovn the sea, were found in cultures
cocel and diplococei, slende1 bacilli and a yeast.  Protozoan or gamsms
were also seen. : : >

[l

. In cover-slip prepar ations; 200 to 300 yards; 500 yards and 1,000 yards south
of the Hut occwrred cocei, motile bacilli, yeast-like bodies, and protozoa.

3. The swface ice at 1,100 yards—altitude 300 feet—yielded in cultules coccl
(staphylococcl) and short, stout bacilli.

4. At 1 nule—altitude 600 to 700 feet—m-sﬂifa.céice, a_ppea]j‘led in -culture Gram-
positive ‘staphylococci and slender Gram-negative chained bacilli. Protozoa
and yeast-like bodies were demonstrated in the thawed ice-chips.

5. Two miles back, at an altitude of 1,000 feet, cultures revealed short, stout,
Gram-negative bacilli, Gram-negative cocco-bacilli, Gram-positive staphy-

~ lococei, and a Gmm—ﬁbsitive “ yeast.” Protozoa were also seen.

6. In the vicinity of Aladdin’s Cave, 5 miles south of the Hut, and at an altitude
of 1,500 feet, surface ice showed the presence of protozoa and yeast-like bodies,
Gram-positive cocci grew in cultures on several occasions.

Ice at a depth of 4 feet contained, besides plotoaoa and yeast-like bodies, Gram-
positive cocei and Gram-negative bacilli, all in smaller numbers than on the
surface. Nothing was obtained in cultures.

In ice at 7 feet—from the wall of the Cave—cultures were more successful, demon-
strating Gram-positive cocci and’ Gram-negative bacilli (probably cocco-bacilli).
Protozoans and yeast-like bodies were also present.

7. At 8 miles; thawed ice contained Gram-positive cocei and slender Gram-négaﬁ‘ve
-bacilli. "There is no mention of protozoa or yeast-like bodies. Cultures
confnmed the presence of the Gram-positive coccus, and produced as well a
Gmm—negmtwe coceo-bacillus: ‘

8. From the Cathedral Grotto, at 11 miles, and at an altitude of 1,800 feet a.bove
the sea, specimens of ice gave in cultures growths of a Gram-positive coceus
and a Gram-negative cocco-bacillus. No mention is made of protozoa or
yeast-like bodies in the preparations from thawed ice.

*20218°K  Vor. VII, Parr 3.
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9. In a pos,1t10n 50 miles west of thé Hut and- 25 miles inland, neaily 4,000 feet
- high on the plateau, surface névé (a transition between snow and ice) was found
o to contain cocei and bacilli in their usual numbers, but no protozoa nor yeast-
like bodies were seen. Many of the bacilli were clumped in zooglwa masses.
From four original cultures and several subcultures were isolated Gram-positive
" cocel and ‘Gram-negative cocco- -bacilli, similar to those grown from other
~“ . specimens of glacier ice. . - :

10 Lake ice (from the g]a.clal lakes near the Hut) had relatively few micro--
organisms in its surface layers; the cocci and bacilli which were seen both |
tended to aggregate in zooglea -masses. Cultures produced fine gwwths
of a Gram- -positive coccus and a Gram-negative cocco-bacillus.

11. In all the cover-ship preparations made from the various samples of ice and snow,
© elaborate precautions were taken in, first of all, cleaning and then heating
over a spirit lamp slides and cover-glasses. Nevertheless, in most instances,
minute fibrous. particles like slender bacilli, nodular, linear or irvegular particles

like foreign bodies, and, In some cases, large fibro- cellular strands, possibly of
vegetable origin,. were seen.” Such appearances were neglected, except very
occasionally, in the regular entries of the Bacteriological Log. '

12. Examinations of glacie ice from various depths in a shaft tended to show that
protozoa and yeast-like bodies inhabit the 'surface layers, and that in this
situation free-swimming bacteria are most numerous, No relation could be
establisied between the number of organisms at different depths, owing to
contamination of the ice deep down in the shaft by a small amount of soil and grit
from the underlying solid, earth. Zoogleea masses of bacteria appeared to
“decrease from below upwards, and were not numerous in the ice at the surface.

Then t00, we should adduce the evidence of the cultures made 1 n Antalctlca, and
ca.rued back to Australia for examlnatlon .

It was to Dr. J. B. Cleland that we were indebted i01 a consignment of freshly-
4‘p'1'epa1ed culture tubes which auwed by the “ Aurora ” on her last cruise of relief in
the summer of 1913 to 1914. " All the tubes reached Adelie Land in good condition,
a.nd to prevent any possﬂ)le contamination by mould, had been sealed with pald,ﬂm

On_ a, rare "calm day early in J. anualy, 1914, six agar tubes were tcLLen with a
. spirit lamp and platinun needle, up the slope of the glacier, nearly half a mile towards
. the south-east, where the glacier could not possibly have beén soiled by the many sledging
‘.partles who passed up and down during the summer.  In the situation whele the cultures
were made ‘the deepe1 strata of ice were not altogethel free of small pa1tlcleb of grit,
but to the eye the surface layers appeared clear and b]ue and had doubtless passed
through the stage of compacted sniow and névé to glacier i ice.

~There was no opportunity at the.time to go further afield.. The sun was bright
and warm, there was no.wind, and . the ice. was covered with a humid sheen of moisture
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The tubes were inoculated from loops of liquid collécted with the needle in small cups
where thaw-water had accumulated.. They were then carried back to the ship-and placed
in an incubator which ran at a temperature varying, during blizzards, from about 10° to
15° C); as a general 1ule the temperature was between 18° and 20° C.

Dr. Cleland’s report shows that -nine cultures of ice were recelved that of these
three showed no colonies and were discarded, and tha.t the 1emm1n1ng six on agar slopes
exhibited growth. From three tubes * yea.sts ” were 1sol‘mted two of them giving a
pink growth'on agar, the 1e’mai1ﬁng one a creamy yellow g1owth Two cultures showed
the presence of a Gram- posmlve coceus, producmg a fine glowth which died out in
subqequent subcultures. ‘

7

" Tt is a curious fact, and yet a well-known. experience, to find that bacteria may
live dormant in ice for prolonged periods, and that infection 'nldy be carried through
lce; but it is not so generally recognised that some bacteria prefer to grosw on ice. Miero-
organisms, as a rule, are capable of resisting a low temperature, when their ordinary
activities cease, and they tend, either as single units or in clusters, to.throw out
a mucilaginous protein substance for their protection. Ravenel, Macfadgen and Rowland
have demonstrated that several bacilli will bear exposure for.a few days to the tempera-
ture of liquid air. (-192° C. to -183° C.). . More recently it has been proved that certain-
bacteria actually survive the temperature of liquid hydrogen (-252° C.), applied for as
long a period as 10 hours. Bearing in mind such experiments conducted in vitro, .we.
could understand that organisms carried by dust-motes to the vicinity of the south
geographical pole. (at an altitude of approximately 10,000 feet) would probably, if not
strictly thermophilic, retain their vitality in a temperature of —100° C.. (-148° F.), if
‘ever the midwinter temperature descends to such a low limit. Certainly, in the
prolonged insclation of the summer time, some hardy orgamsmg on the surface could
‘ tlmw out, become free, and po‘mbly mlght increase in numbers. :

On the other hand, bacteria and théir spores have almost a defined linit of.
resistance to. heat—57° C., if applied long enough. Some germs afe thermophilic—
mainly those which live and multiply in warm-blooded animals—while others (in general
terms the bacteria of the sea, the soﬂ and the air) p] efer the mean temperature of their
envir onment ‘

. In the Antarctic, and the same holds good of the Arctic regions, them 18 a definite
fauna compnsmg, in the former case, the various species of seals, wha,les, and birds, and
their parasites, insect- like mites of the mosses, rotifera, and a fair ly pmhﬁc marine life.

"The flora-of the South is summed up in the lichens, mosses, and algx, the last-named
" havirg a vast distribution amongst the ice encircling and adhering to the Continent.
Primordial, lowest of all, and standing as-an evolutionary basis of the animal and vegetahble
kingdom, are the bacteria ‘which we may presume to-say are universal, clinging to the
myriad dust-motes which float from the north, descending in snow on tlie Antarctic
platean; paralysed for long winter months, active and acclimatised in the lignid thaw
of summer, segmenting or sporing in their multiplication, dormant again in the inter- |
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crystalline canaliculi of the névé and ice; and free once more to live and increase in thé
viable reticulum of the glacier. Such a speculative theory may be the key to their cycle
of life in Antarctica. ' ‘

It is instructive to bear in mind the morphological relations of protozoa, algwm

fungi and bacteria. Apparéntly the most modern view is that bacteria are the primitive :
uniczllular onganlsmg which stand as a basic entity of life before their differentiation into
alge on the one hand, and protozoa on the other hand. Again, by stressing vcgcmble
types, cert_a.ln algee and the bacteria have been correlated in one class as Schizophyta,
with the alge as schizophycew and the bacteria as schizomycetes or splitting fungi.
Certainly the fungi were ubiquitous enough in our small sphere of observations.
The lichen—a symbiosis of alga and fungus—grew aniongst the rocky crevices and
on the sun-warmed slabs over every. outcrop we saw in Adeli'e Tand and- King
George V. Land. Fungi, represented by moulds of many species, grew luxuriantly-
along the rime-filled cracks between the inner lining boards of the Hut, though no
indigenous mould was ever seen amongst the soil, guano or rocks. Then, too, many
deposits have been found in Antarctica in the form of peat-beds, composed of
compact detritus of fungi. Apparently the mere cold, as long as moisture is not.
wholly frozen, 13 no deterrent to life and .procreation among the Schizophyta.-
Especially, too, should one take heed of the fact that higher forms of life, represented
In Antarctic seas, as coelenterates, crustaceans and fishes, may exist for prolonged
periods in a temperature almost 3 degrees below the freezing-point of fresh water :
their optimum, annual temperature standing in the vicinity of 0° C.  Penguins and
seals, with their heat-regulating mechanism and protective blubber, are able to endure
intense cold. ' '

Liquid containing salts in solution does not completely freeze at a temperature

-

. of 0° C. (32° F), and this factor is very important in the maintenance of low and higher

forms of Antarctic Life. The late Mr. James Murray* of Sir Irnest Shackleton’s
British Antarctic Expedition (1907-1909) has contributed some unique evidence of the
habits and powers of resistance to cold exhibited by the rotifers and water-bears:. .

““To test the degree of cold which they could stand, blocks of ice were cut from
the lakes (saline) and exposed to the air in the coldest weather of the whole

winter. By boring into the centre of the blocks we found that they were as = -

- cold-as the air. A temperature of —40° I. did not kill the animals;

“ Then they were alternately frozen and thawed weekly for a long period and took

. no harm. They were dried and frozen, and thawed and moistened, and still
' they lived. At last they were dried, and the bottle containing them was
" immersed in boiling watel, ‘which was allowed to cool gradually, and still a
'gleat number . survived. Agmn they “were put into sea-water and into the

bnne from the bottom of Green Lake, whlch 1s so salt that it f] eezes only at

= * The Heart of the Antarctic, l)y Sir E. H. Shackleton; C.V.0. - Veol. 11, i 438, Leudon. 190,
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. about zero (Fahr.). They' were left in-these salt waters for a month, yet as
soon as they were transferred to fresh water they began to crawl about as though
nothing had happened. ‘

“ Such is the vitality of these little animals that they can endure being taken from
Jice at’a minus temperature, thawed, dried and subjected to a temperature
-not very far short of boiling point, all within a few hours (a range of miore
than 200° F.). It is'not the eggs merely that survive all these changes, but
the grown animals. These are animals comparatively high in the scale. The
rotifers are worms, and the water-bears (which stood the same tests) are cousins
to the insects and Splde].s. Some very lowly plants-are not killed by being
put in boiling water, and doubtless many very simple animals-can live through
cold greater than we found in the Antarctic.”

It was Murray’s opinion that these rotifers and water-bears, on the evidence of
the small number of their species discovered in Antarctica, and because of their universal
-distribution, had been transported from lower latitudes and were not survivors of an-
era when the southern continent was more or less immune from glaciation. ’

It would seem that bacteria ave.the ideal danizens of an environment, where
for the 'great_er 'pzu't of the year all visible life is banished, and whére their minute size, ‘
protectivé changes of form, 'a_nd versatile reaction to moisture, low temperature and
concentration of salts is most advantageous for existence. The bacteria caught
up in the frozen sea within the liquid sludge of eryohydrates, which circulates between
the crystals of fresh-water ice, learn to live and probably multiply in a medium of much
higher concentration than the ocean to which they are accustomed, just as the rotifers
found under 20 feet of ice in the salt lakes at Cape Royds. Probably many of these
batcteria were borne by dust-motes of the air from distant lands, or had thawed out of
icebergs broken from the cortinental glacier, and were capable of taking up a new

function as demtnfymg or; gamsms This is merely a suggestion which liag never received *.

ploof : S , .

The question now seems naturally to arise : How aré we to explain the existence
and multiplication of bacteria in ice? And-to satisfy such a query we should endeavour
to discover what is the ultimate composition of ice, how the crystals of ice are inter-
related, and what are the intithate changes which occur in a descending or rising
temperature. '

We refer to Mr. J. Y. Buchanan*, formerly of the “ Clmﬂenger » Expedition
(1874), for the most modern views of ice- formation, ‘

As a result of many exhaustive experiments on the changes which occur in freezing
non-saturated saline, solutions, he finds that the crystals formed by freezing a saline
solution are in their ultimate constitution free from salt. That is to say that ‘“the
cfystals formed in freezing a non-saturated saline solution are pure ice, and that the
salt from which they cannot be freed does belong to the adhering brine.” | A new

* Ice and-its Natural Flistory, by 5. Y. Buchanan, M. A, F.R.8, ALR.L.
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conception at once arises as to the exact definition of the freezing-point of a sukstance.
Buclianan defines it.to be “ the temperature at which it, ‘as a liquid, passes.into itself
as a solid; and its, me]tmg point to be the tempe] ature at which it, as a solid, passes
lnto itself as a liquid.”, - - ;

Therefore, we may imagine that when sea-water freezes, the pnmmy S0 1d1ﬁcat10n )
~whith takes place is of the freshwater content, the salts in solution being rejected into
the chiannels which now exist between the pure crystals. As the temperature is still
further, reduced, accretions of pure ice go to the crystals, and the brine, still further
concehtrated, remains in .the channeled meshwork. Actually sea ice 18 alw;zys n
motion; and the increased internal pressure due to buckling of the floes causes the
concentlatcd brine (cryohydrates) to be squeezed out.in places on the. surface where,
it the temperature becomes reduced sufficiently, it freezes in the form of crystalline
ice-flowers. Again,.if we look at-the process from the opposite point of view, we note
that the greenish blocks of sea ice throwhn up in pressure ridges, which are _exposed for -
long to the rays of the summer sun, thaw out fir st of all thr Oughout the saline meshwoﬂ\, ,
the salt water draining away by gravity to lower par ts of the block, ]eawng a residuum of
fresh-water cr ysta.ls The upper part of tlie mass, when dlstm bed collapses in. heltps
_ of light-blue gravel, thawing, on being collected into fresh water.

Buchanan makes the whole matter perfectly clear in the folIowmg passa.ge
extending his principle to purer forms of ice, such as glacier ice :—
“-All natural waters, including rainwater, contain some fomlgn and usua]ly saline
1ng1ed1ents If we take chloride of sodium as'the type of such ingr edients, |
.‘ and suppose a water to contain a-quantity of this salt, equivalent to one pfutj,
by weight of chlorine in a million patts of water, then we shall have a solution .
o containing 0-0001 per cent, of chlorine, and.it would begin to, freeze and to
-deposi't pure ice at a temperature of —0-0001° C. ;>and it \Sr_ould continue to do -
so until, say, 999,000 parté of water had been deposited as.ice. There would .
then remain 1,000 parts of residual water, which_,_would:reﬁain the salt, .ana
would contain, therefore, 0-1 per cent. of chlorine, and would not freeze until
the temperature had fallen to —0-1° C. This water would then deposit ice at
temperatures becoming progressively lower, until when 900 more parts of ice
had been deposited, we should have 100 parts residual water, or bnne, as 1t
may now be called, containing 1 per cent. of chlorine and remaining liquid at
temperatures above ~1:0° C.  When 90 more parts of ice had been deposited,
we should have 10 parts of concentrated brine containing 10 per cent. of
chlorine and remaining liquid as low as--13° €. In the "case imagined we
assume the saline contents to-consist-of Na Cl only, and with further con-
centration the cryohydrate would no doubt separate out and the mass become
" really solid. On reversing the operation, that is, warming the ice just formed,
-we should, when the temperature. had risen to about -13° C., have 999,990 '
parts of ice and 10 of brine containing 10 per cent. of chlorine. Now, owing "
" to the rema,r]\a.ble fact that pure ice in contact w1t]1 a saline solution melts at

-
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a temperature which depends on the nature and the amount of the salt in
the solution, and is identical with the temperatire at which ice separates
-from a solution of the same compomtlon on cooling, the brine liquefies more -
" and .more ice at progressively rising temperatures, until, as before, when the
temperature of the mass has risen to —0-1° C. it consists of 999,000.parts of ice
- and 1,000 parts of liquid water containing 1 part of chlorine. The remainder
-+ of the ice will ‘melt at a temperature gradually rising from —0-1° to 0-0° C,””"
In the case of the glacier ice of Adelie Land, which we ‘wishparticularly to -
consider, one would expect the ice to be very pure; in fact the super-imposed layers
formed from the snow which has fallen should ‘be, presumably, as fresh as distilled
water. But, assuming as we do that a large amount of aerial dust is distributed -over
the south polar plateau and that atmospheric gases are combined with the snow, the
ice contains mineral constituents, without doubt, in much more dilute solution than is
present in the rainwater of a more temperate climate. And, considering that this
contamination by dust-motes has gone on for.countless acons, the whole thickness of
the polar ice-cap is impregnated with minute foreign bodies. - In the sea, dust-motes—
inclusive of impalpable volcanic matter and meteoric material—sink in myriads to the
‘bottom, and form with the minute skeletons of living organisms the wide-spread
_deposits of radiolarian, globlgcnna. and diatomaceous oozé. The boftom of the sea,
however, is more or less stationary, and the deposits are cumulatwe whereas the gla.c:ler '
is always in movement, ever lnclca.smg in thickness, vet being worn awdy by a process -
of a.bldtlon in which ‘tempemtme humidity, wind velocity and the amount of drifting
snow are all modifying, factors. - Ablation is a phenomenon which pumarﬂy affects the
SnOW-waves or sa,stlugl which cover the many squzue miles of the southern p]atea.u S0
“that ‘their form IS ever changmg So, tco, the stlucture of the underlymg compact
snow, of the névé and the true glacier ice, are never constant under the strésses and
strains of forward movement, super- unposed weight and reaction of the undellymg\
land. In physical terms, the great contlnental glacier is to be conceived as an immense
'1e51henb mass-of changing fluidity whlch crowns the southein extlennty of the globe.

" Returning to the dissection of a piece of the gla.clel we find that a dlsmtegra.tlon

of the interlocking grains, similar to that which occurs in thc upturned slabs of sea ice,

“takes place on its exposuré to the warmth of the sun, or o a tcmpela,tme ]ust below the

freezing-point of fresh water.’ As Buchanan says i—

“ Under the influence of the sun’s rays, the binding material melts first, the

continuity of the block is destroyed, the individual grains become loose and

* rattle if the block be shakern, and.: ﬁnally they fall into & heap. A block of

glacier ice if a geometrlcal curiosity. It consists of a number of solid bodies

of different sizes and of quite  irregular shapes yet they fit into each other as
exactly and fill space as completely as could the cubes referred to above.”

Buchanan made his studies of ice on the Alpine glaciers which, .in companson
w1th the ice- -sheet of ‘Antarctica, move 1ap1dly and, of course, are grossly contaminated
by doil, rock 41id dust,” Still, one of the “first phenomena we remarked when stepping
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on to the i ice-foot at Cape Denison, Adelie Lend, was the large amount of granular fubble
wluch formed the surface of the glamu In other words, the summer sun had thawed
out n.ll thc cementing channels, and the crystals lay melting in a clml slush of liquid. .

Thus. we have come. imperceptibly to- the conclusion t]mt Antarctic ice, like
rainwater, has its impurities, which are derived alike from floating pmtlcles in the air as
from the combined and uncombined elements of the atmosphere. No form of natural
water occurring in the solidified crust of the earth is absolutely pure, and one may say
.that life.is universal over the terrestrial surface within. certain limits of depth.

The explanation we have furnished of the anatomical composition of a piece of
ice has been purposely elaborated, so that the proof of the manner in which organisms
so small as bacteria live and multiply in’ the ice shall follow more lucidly.

, To a living 01gambm a few micro-millimetres in length, a block of glacier ice, not
“completely solidified, would be a veritable labynnth of minute tunnels filled with
‘liquid containing salts in solution. In every diréction the tunnels would be viable, so -

that a single bacterium might easily pass from top to bottom of the block. Then, too,

in an isolated Iump of ice, subjected to thawing warmth, the liquid in the upper system
of canaliculi would tend.to settle down by gravity to the bottom and run away,
exuding everywhere from the external pores and drenching the sides of the lump. But
. thé same luinp, as an integral part of the glacier, would still be perforated with devious
and circuitous passages, but the watery’ contents of ‘these passages would follow laws
“of movement dependent upon gravity, the slope and -movement of the gld.ClCl the
‘ presence “of small seams and cracks In the ice, and the gradient of temperature -
from above downwards.  The small cracks—part of the infinite system of cleavage lines
branching away from crevasses—would form receptacles for this fluid of dissolved salts. -

The gradient of temperature in ice depends, in a general fashion, on-the temperature of
the air, which exerts its influence to a certain depth. ,Below this is a zone where the ice

approaches a mean annual temperatire.

Suﬁiment has been said to indicate that lf n the section of ice we are conmdcnng
the tempemtule approaches close to freezing-point, the channels of adhering fluid which
encircle the crystals would permeate the glacier down to a definite point where, if the

"mean aﬂnual temperature were low enough, the ice would be solid and impervious.
We are led to suppose, from Buchanan’s observations, that the critical temperature of
solidification may be as low as -13° C., though in Antarctica, where the ice is purer, it
"should be four or five degrees higher. Granting that such a tempemtule may be
a few degrees from the actual truth, we may at least be sure that for five degrees below
- the freezing-point of fresh water the glacier ice of Antarctica is perviousto b(mctena
“and contains a medlum suitable for their reproduction.

In Adelie La.nd the mean annual temperature at sea-level lies between -15° and
-20° C but on mounting the plateau, which falls steeply to the'coast, the temperature
descends at the rate of almost four degrees for every 1,000 feet. In the summer time,
_the ahade tempemtule 1eglste1ed on seveml occasmns 5 5° C. (40° I‘ Jr a.nd for three

{
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months, at least, the temperature,.except for unusual fluctuations due to blizzards,
never fell much below —10° C. and was very often. close to 0° C. Considering, too, that
there is a considerable amount of sunshine between the equinoxes, the period during
which bacterial life and growth would be possible might be extended, during a
favourable summer, up to four months. The action of sunlight is of paramount
~importance in promoting a thaw throughout ‘the ice canaliculi, especially when- we
‘remember that the shade temperature may reglster 0° C., at the same-time as the
. thermometer in the sun rises to 16° C. In various ice caverns which were dug in the
glacier—in two cases at an altltude of more than 1,000 feet—the warmth of the sun,

piercing a th‘lckness of six feet of ice, was more than perceptible and: sufficient to cause

a marked thaw, though the shade temperature might have been below 0° C. ‘On such
occasions the surface ice and snow became humid and soggy, and over the ice-cliff at
sea- level rills of fresh water could be seen-trickling into the ocean. Unfortunately we
have no exhaustive figures available of the temperature gladlent in the glacier ice,
under definite atmospherlc cond1t10ns and at various altitudes,

Still, we may be sure that the thickness of theice-cap mvestmg the frozen:

continent in the vicinity of Adelie Land—and the same rule holds good for other
-Antarctic lands—is not much more than 120 feet, considering that the barrier-like face
which the glacier presents towards the sea, for-many -miles east and west, does not

exceed that amount in altitude. A complication arises in the case of the deep glacial

valleys, from which immense vohimes of ice may debouch into the sea as floating tongues,

-or as a wide expanse like the Ross Barrier, 500 to 600 feet in thickness. And even at
a. great distance inland there are probably many deep valleys, though .in such cases
one would expect in the surface contour of the plateau a corresponding sag, which
would tend to fill with accumulations of snow.’ Neglecting the many speculations
which naturally arise, we have one important point at issue, which is, that the northern
slopes of the glacier fall towards the sea at such an angle that the rays of the sun for
some months during the summer are normal to the surface, thereby increasing the
intra-glacial thaw, and for'short periods causing the temperature of the whole mass, in
the lower latitudes, to rise within a few degrees of freezing-point;.the optimum tem-
perature of the micro-organisms of ice and snow. At the south geographical pole,
elevated to 10,000 feet, the obliquity of the sun’s rays and thé low temperature would
not encourage bacterial life except in the surface layers of snow, and that only for a
few weeks at the summer solstice.’ Assumlng that the greater part of the continent is
at a more or less uniform height of 6,000 feet, we should conclude that the organisms
which descend from the air are, when buried to a certain depth, wholly deprived of a
free-swimming ex1stence, until in the plenitude of ages they arrive a.t that northern
boundary where the sumnier thaw begins.

Tt will be apposite now to review the few observations which were made On SnOW
before passing to a few remarks on the meteorology of the soutliern hemisphere. -
‘1. Gram-positive cocci and Gram-negative, sporing bacilli grew in culture from

snow of a sastruga or snow-wave one-third of: a mile south-east of the Hut. .
*20218—L  Vor. VII, Parr 3. .
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2. On tliree-occasions when falling snow :\Vas-gathered in a sterile basin, elaborate

. precautions having been taken to prevent contdmination;” the tliawed-out

. samples showed under a cover-slip cocci, motile bacilli dnd, invariably,

zoogloea masses of bacteria in moderate numbers. Single diplococel and

occasionally cocci were observed to be invested by a pale capsule. In.one
case doubtful organic. matter, in the form of vegetable cells, was noted.:

3. A glwosc agas slope culture of f’tlbng snow showed a few small, gleylsh colomes
- which were not examined. : ; ,

Slender as these Tesults are, they, become of more importance when correlated
with the many positive findings made in glacier-ice—the vast repository of the falling
snow. They are meaningless, too, unless we consider the probable origin of the
bacteria which cling to the etystals of snow. ' -

Regarded simply, the circulation of air in the southern hemisphers has certain-
main characteristics; a widespread uprush from equatorial, tropic and éub-tropic zones,
a 'cohtinﬁohs flow at a high level ‘tOWaId.S the southemn continent, a subsidence of
suceesswe l'Lyels of cool air, 1ncreaslng in density and coincident with a 1lsmg baro-
metric plessure, a concentration of air a high barometric pressure over the vast:crown
of lofty Antarctica, a relief of pressure in the torrential bursts of blizzards through to
the- low- pressure belt of the Southern Ocean, and, in wide terms, the genesis of a low
equatorial return-current modified and deviated by such factors as earth movement,
Iatltude, dlsposmon of lsla,nd sea and continent, and conﬁguratlon of the land,. . -

Ba,ctella, or their spores may bie found in the atmosphele free, 111001p01ated with
minute particles of aqueous vapour, or chngmg to small foreign bodies.  With these
'forelgn bodies or dust-motes we know that they ascend undeér the 1111pet1fs of rising”
equatorial air int6 the atmosphere to a considerable height, until at length they may
come, under . the influence of the great poleward-flowing current. The bacteria
meanwhile havé cooled, become paralysed, and have, singly or in segregated masses,
thrown out fheir protective capsule of protein. material. " They travel to the pole and
here ave frozen to spicules of ice or with the dust ‘which has ('onveyed them are attached
to crystalline snow-flakes, sinking lower with the descendmg strata of air aud ahghtlng
at last on the su1face of the plateau :

And now, sparse-n numbers, the frozen Olgamsms, extruded with the dust-mote
they accompanied to the perlphery of the nuclea.l snow-crystal, commence a new life

Jistory.

When the snow-flakes—on the plateau of Antarctica snow is mostly in the fi)rni
- of sago- like gra,nules—ha.ve recently fallen, they lie together in -soft, downy, floceulent
heaps enclosing, in- proportion to the. space ‘they occupy, a certain volume of air. Under
the influénce of gravity, and the pressure of the wind, and in dependenoe too on the
temperature and humidity of the air, the snow becomes dexiser and ‘more. compa‘i_:t, the
enclosed air, is.expelled and the snow crystals decrease in size. Thus we may ‘conceive
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that the bacteri ia tend to be expelled-into the Jnte1 stices between - separate crystals,
whére they await-the time when the temperature will vise sufficiently to provide a liquid
medium in which  their life and species may be renewed.” If the temperature still
remains’ too' low for liquefaction of the comparatively impure snow adhering around
the primary pure or rystal, the slow metamor phosis of the snow-into névé goes on under
more or less dry conditions. - -(Plate 19.)

We may now quote onge more f] 0111 Buchamn who refers to the gla.cmloglcal
researches of Hugi - — ‘

“In the, Alps the greatest amount of snow falls at a helght of f10m ,OOO to 2,500
metres above the sea. The cryst&lhne snow of the -mountains takes ’6]16;
granular form much more.easily than does the flaky snow of the lowlands.

“Tt is to Hugi that we owe most of our exact:knowledge and detailed

description of the néué or firn, of its genesis and of its metamorphoses.. He built

- * a.hut on the Finsteraarfirn at anelevation of 3,300 metres, and inhabited it fora
i considerable time for the sole purpose of studying the firn or névé and its
natural history.- He traces the development of the névé from the- fine
crystalline snow of the highest levels, and observes it as it passes into glacier.

At a height of 3,000 metres the transformation has taken place at a depth of

seven metres below the surface of the névé ; at an elevation of 2,700 metres

it is met with at a deptﬁ of a few feet, and at a height' of 2,400 metres the

névé has passed into glacier at the surface. In expelimenting on the névé, he

found that when a hard compact mass of ‘it was exposed to the ‘influence of

vising tempemtme the binding material of the grains soon dissolved to

water without the grains themselves belng apparently attacked at all. A

lower temperature then reunites the grains so that the whole appears as a
“uniform’ compact mass. This shows the lower melting-point of the less pure

All the changes which we witness *
taking place on the incline between the' most elevated névé and the lowest
‘extremity of the glacier in the valley, va,l.:elrepea,ted on the vertical, between
‘the -upper and the under surfaces of ‘the mévé and: the glacier. In both
directions we observe g1eatel age and more definite development of the mass.
Further, what we observe in both these directions we observe also-in the
individual grain. The older kernel of the névé is compact, and blue like the
- lower glacier, while the white spongy rind on‘the outside is more of the nature
~ of 8now, like the highest névé, and passes by layers into the compact central
grain. Also in the case of the individual grain; the nucleus or kernel is the
first and oldest, and only by continued development does the 1md shape
itself and gladually pass into the mass of the nucleus and so become a
glacier-grain, which then continues' its development as the g]a,clel 1tself

continues 1ts own development. Tn these relations lies the foundatlon'of the
HH

W f

"cenienting mass of ice

who]e nmtura,l hlstory of the glacier. . . , . . -
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Here we have a very concise and clear statement of what one would, be Ted to
expect in studying a vertical section of the glacier from above .downwards; clyst.mls n,
every. stage of development And, -granting that the ice of the Alps is muchless. pure
than the continental ice-sheet of Antarctia, the history of the snow-crystal is still the .
same’; the essential difference residing in the freezing-point of the cementing material.
Thus in Antarctica the salts in solution are more dlluted the total freezing taking place
at a higher temperature.

One is naturally curious to know how large are the crystalline kernels of snow.
Buchanan places their weight at one to two- centigrammes. Compared with' the fully
developed ice-crystal, whose welght may valy tlom 100 to 700 grams, it is e\ceedlngly
small.

Buchanan, commenting on the size of the glains taken from an old block of ice,
says :— " They are particularly. interesting when we reflect ‘that every grain, even the
largest, has grown, according to the rigid laws of crystallommp]nc development, from
a single snow-crystal which probably weighed no more than one or two centigrammes.”

The last problem we may consider is, what position do bacteria occupy in
relation to the crystal? Or again, at what stage in freezing are.bacteria deprived of
their liquid medium? - - :

~ Considering that tHle fresh water content freezes first in a pa.ltlc]e of moisture
ﬂoa,tlng in the abmosphere, the first snow-orystal, so to.speak, should be perfectly pure.
But if we consider how minute are bacteria (a few thousandths of a micro-millimetre), and
if we suppose that the first snowy grain weighs one centigramme, 1t will not be difficult
o 1n1a,g1ne that bacteria may be included or entangled in the primary solid, though 1t
is more rational to believe that they are added in the peripheral accretions. Still such a
quéstion is unimportant as long as proof is available that bacteria may livé and under
favourable circumstances circulate and i lnclea.se in numbers within the Anta,mtlc glicier.

In conclusmn if we trace out bneﬁy the subsequent history of these bfl,cteua. of
ice and snow, we see-them in the slow northward surge of the g]aclel set floating in
ice-tongues and bergs of the Antarctic QOcean; where they gradually thaw out and
probably become accustomed to the salinity of the sea. They circulate throughout the
immense volume of water, clinging to the plankton of the surface, travelling to
various depths, reaching, maybe, the ooze in company with sinking foreign bodies.
_ They migrate in the vast, moving ocean currents towards northern lands, where some
remdin as marine bacteria, others enter the mouths of rivers and become adapted to
life in the fresh water medium they knew in Antarctica, whilé others are stranded on
the littoral, from whence, in a dry condition, they may be transported by wind to & new
s0il, assuming; -perhaps, the characters of ansrobic bacteria. The. cycle—centuries or
geological periods in dulat‘ion—'begins once more when, in a temperate zone, the
descendants, by an endless gamut of fusion or spomldtlon of the original organisms, vise
* on dust-motes and rejoin again the bacteria of the upper air, once more liable to enter’
the current flowing continuously towards the southern pole of the earth,’ '

~
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_ Cmaprer VIL . _ .
' ADDITIONAL CULTURES FROM SOILS AND ALGA, WITH COMPARATIVE
’ NOTES.

<A NUMBER of specimens of morainic mud, granite sand and dried alge, which were
collected in Adelie Land (Plate 16) during the winter of 1913—one in the winter of
-1914—were not examined in Sydney until March, 1917, owing to the exigencies of
" the War and other circumstances. The samples—and. there were several of each—
. had.been placed in sterile test tubes sealed with cotton wool plugs; the tubes containing
.the alg® and.one specimen of moralmc mud had been closed with- cotton wool -and
sealing wax.

. "In preparing the cultures the same procedure was followed in each case. Small .
fragments of the material to be examined were placed in tubes containing sterile broth.

From these, agar was inoculated and plated, agar slopes were cultured, and anzerobic
stabs were made in glucose agar, sealed above with a layer of the same medlum One
set of cultures was grown at 18° to 20° C., and the other at 37° C. '

It was soon found from smears that the bactella. present in the morainic mud
and dried algse were in dlmlmshed numbers, compared with the results of our previous
examinations in ‘Adelie Land. It was also apparent’ that the optimum temperature
of growth was in the vicinity of 37° C., and not 18° to 20° C., as had.been the case in
- the Hut.  Evidently the bacteria had become acclimatised to room-temperature
. during \the three to four years whlch had- elapsed, and perferred to grow most readlly
at 37° C. , , \ -

A’s soon as ‘the colonies appeared on the plates and agar slopes, subcultures were
"made until the various specles were 1solated when theu: characters were tested 6n
different media. - ‘ '
: o Morainic Mud. o
: Two sa,niples were available; the first gathered ‘during the winter of 1913, the
. second during the winter of 1914.

I.. The test tube contamed ‘bluish grey, rather hea,vy -dust; which had been

* collected at Cape Denison, 150 feet to 200 feet above the sea, at the junction of morainic

"boulders and glacier ice’; many dried clods. were. mixed with the ‘soil.  The cotton
wool plug had been burnt. oﬂ and covered over with sealing wax. - '

A few partlcles Were placed in stenle broth and the various cultules lnocuhted

~ After seventy -two hours at 37° C., a single, ﬁﬂe circular, white colony had

- appeared on the agar plate.  This was plcked off and subcultured on an agar slope.

" After a few days, a fine, pale -growth had appeared, showing first as minute, almost

tcolomless, cucuhr colonles thch fused slowly Gram- -positive cocel of varying sl_ze'
were seen 1n smems.
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TI. The test tube, sealed with a plug of cotton wool, contained a bluish grey,
heavy dust which was perfectly dry:

A solution of the soil in broth was made more concentrated than i n the case of
I, as bacterla were few in smears. '

. After seventy-two hours at 37° C., the agar plate exhibited fwentyfth'ree colonies
in all; of which twelve were small, circular, white growths, three were yellow, circular
colonies, one was a rose pink, circular colony, two small growths (possibly a contamin-
ation) ‘were whitish moulds, and of the rest, a.few were fine, light yellow in tint and
circular in shape, while the rest were greyish and wrinkled.  Subcultures were made
of- the-rose pink, yellowish and white colomes, and of the greyish, wrinkled: growth.
The moulds were neglected :

‘ ‘As a result of subcultures from I and I1, the fol]omng six orgamsms wele isolated,
" each of which will be followed in its more detailed reactions :— -
) A Gram-positive sporing bacillus. (Plate 10, fig. 1:)

(1

(2) A Gram-positive coceus. (Plate 10, fig. 2.) | -
(3) A Gram-posi'tive‘,cocco-bacilhﬁ . (P]a.te 10, fig. 3 ) .

4) A Gram- nega.tive bacillus. - (Plate 10, ﬁg 4 )
)
)

5) A Glam pOSltlve chalned ba.clllu‘, sponng (P]ete 11, fig. 5.) -

-
(6) A Gram-positive coccus. (Plate 11, fig. 6.) o
(1) Fairly stout, actively motile, bacillary rods which : vary ma.11~.edly n length
(from 17 %0 5-6) and slightly. in \Vldth,( 5u-to “Tu), staining readily by Gram’s method
in cultures 24 to 36 hours old. After that period the bacilli are decolourised,. while
sporing forms are all Gram-positive. Some of the shortest forms are rather stout and
oval. The anangement ‘of the bagilli is often in packets c]osely apploxmlated 31de by

side, though usually they are single, orin twos, end to end.

In culture this Gram-positive sporing ‘bacillus is almost always plofuse in grow‘bh

On an agar slope, within twenty-four hours, the medium is soon covered with a
dense, spreading gro;vth milky white in lustre, with characteristic processes like villi
along the border.  These growing processes,-also-apparent on serum agar and on glucose
agar, pro]ect in s]larp sahents while mlnute cuouhl white, outlying colonies _appear
round the base of the villi.  In glucose stabs dfter ﬁve da.ys, the medmm ‘l.ssumes a
brownish colouration. } ) o L , |

Gelatine is slowly. liquefied ; after fourty eight hours there, is a very fine, white
growth along the stab and on the surface; and after’ three o four days the gelatine
- becomes: hqueﬁed In moderate amount in 1ts- upper part .

On coagulated blood serum theie develops in twenty four liours a 'pale smear,
yellomsh in tinge, hquefymg the medium so that the smeai seems to be embedded in
_it. © The liquefaction progresses, so tha‘b at the end of seventy- two hOllI‘b the medmm ig

almest wholly disorganised. '
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Broth in tWentY'fOUI hours becomes opalescent and later is found to be full of
flocculi of Wlute growth. - . . Do

On potate a filmy white smear is seén after forty eight hours; which in- four days—
is Iepl‘LCed by a brownish stain invading the substance of the medium. « -

- In litmus milk the bluish colour is'observed to'be dischar gmg itself after twenty-
four hours, but it is from four to five days before the colour has dlsmppeared completely :
the nulk has clotted and a f‘xmt acid reaction hag developed, .

This Gram- posmve spormg baolllus 13 4 faculta,tlve amorobe fmd 18 non- pa.tho-‘
gemo to guinea-pigs. '

(2) L:uge non- motile cocel, Be lp. to 1 7,u. in dlametel oceurring smgly, n sl1o1t’
chains and in masses, and sta,lnmg by ! G‘rmm S method

- Oni agar slopes this 01gf1,nlsm a.lways a.ppoalq ‘as a fine, rose pink growth raised
s0 as-to have the contour of a long liquid drop, and well-defined along its slowly %preadmg
bovder. © The growth is rather viseid to the point of a platinum néedle, so that small
-threads adhere to it.  On serum agar the rose pink colour is more marked, but the'
growth is still fine and i ncreases very. slowly '

In gelatine, after four or-five days, a ﬁne rose- coloured somewhat cleplessed
folium of growth caps the stab, along which is just-visible a serrated, pale fnnge There
i$ no liberation of: plgment nor any hquefactlon in the medlum '

After twenty-four hours, on coagulated blood serum, one may. obselve a fine,..
pmklsh raised and drop-like colony Later, more drops of growth pro]ect along the
stroke, and these very slowly fuse into a fine, pmklsh smear.  No growth 1s-produced
in broth— but-on potato, after a few days, a very fine, pinkish g1 owth- may: be seen. In-'
litmus milk no change occurs and the reaction 1emams mlkahne

. This Gnm-posmwe coceus 1s a facultamve anerobe, and 1s' non- pathogemc to
gumea,-p1gs SR Do L e

" (3) Motile £0CCo- bacﬂh 1-6y in. length and’ I- l,u n W1dth staining readily by;
Gram’s' method. = In general, the bacteria are oval, and their arrangement is single,.
‘in twos (wheri they are very similar to diplococci), in.short chains or in 'c'lu'mps Swollen
f01ms, like la1ge cocel, oceirr, and there are definite bacith, about 18 In length

On an aga'r slope after twenty fout 6 forty-mght llouls the. growth 18 always'

~ fine and raised ; at first egg-yellow in colour, changing to orange, wlnle 1 older cultures

and on serumy agar, it is bright cerise in tint, raiséd and thlck like a d10p of pa,mt and.
sha,rply contoured along its margm :

A characteristic nail- shaped growth follows A sta,b in gelatme the head of the
Aail bemg heapecl-up ‘and brlght cerise in coléur: no llquefactmn of the medmm

Afte1 twenty four hours -on coagulated blood serum, a very ﬁne ra1sed dr op hlge,
omnge growth appeats, which makes very slow headway, -A few threads are. produced -
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in broth; the medinm being unsuitable for growth. The same holds goo&‘ of potato,
on which no colonies are evident. In litmus nirlk there is no change and the reaction:
1s.alkaline ; though in one instance some clottmg occurred mfter seven days, the reaction
remmmng neutral. ' ‘ '

¢+ - This Gram- posmlve coceo-bacillus.is a faculative anwrobe, and is non-pathogenic
to gumea plgs . ot s

(4) Bacilli, tendlng to be slightly cuwed acbwely motile and from 1-7p to 3-4u
in length and -4p in-width, decolourised on being: stained by Gram’s method. . The
-arrangement of the or ganisms occurs singly and in chains of two, three or more. ~ When,
as often happens, they are in paus end to end, the bacilli becomes shght]y cuarved and
bent towards one another at an obtuse angle. The chains are occasionally very long :
and extend In serpentine curves almost across the microscopic field. The staining is’

' not always uniform; some of the bacteria being blotchy or with granular markings
“alternating with clear spaces. This characteristic is more obvious in older cultures,
when the protoplasm is gathered up in stained drop]ets, creating in the case of some"
bacilli almost a diphtheroid appearance. Involution forms ate swollen and elliptical.

On an agar slope appears, in twenty-four to forty-eight hows, a transparent,
thin smear, which spreads in miniature terraces with a lobulated fringe-like boxder.
Discrete, fine colonies are colourless and circular. When the culture becomes older,
the separate, circular colonies become dry and whitish, their form is ovoid, and they
adhere to the surface of the medium.  The colourless smear dries in stellar clusters.
On glucose agar the growth is pa.ler in tint. '

In gelatine one finds. an expa.nded cup filled with a- thin, fine smear, tinged a
greyish.blue; . in the medium, along the track of the stab, are pale, circular and lenti-
_ cular colonies; no liquefaction. ' '

After twenty-four hours, on coagulated blood serum, a very fine, pale, shightly
raised, linear growth, with a few outlying, minute, circular colonies, is visible.  After
seventy-two hours, this growth has scarcely extended, acquiring a yellowish tinge.
Broth becomes turbid in twenty-four hours, and an abundant, white, flocculent deposit
is found in the bottom of the tube. On potato are seen irregular, creamy markings
which fuse, after forty-eight hours, into a pale smear, When lLitmus wmalk is inoculated,
the colour is completely discharged, and a deposﬂ; of clot forms; the. reaction of the
niedium remaining faintly acid. ' ‘

Il

This Gram negatwe ba.clllus is a fa.cultatlve a,naerobe, and Is non- pathogenlc toi
guiniea-pigs. | ’

* (56) Thick, non-motile, Gram-positive, sporing bacilli, on the average 3- 5 long
and -8p wide;, occurring in long chains, which persist in growths up to 48 hours old,
when the chmns tend to become dispersed and involuted forms begin to appear. Ina
culture, 24 to 48 hours old, bacilli may vary in length from 1-8u to 5-9u, and some are
as thick as 1-55.  The involution forms are very curious; the chains break at intervals,’
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“the separate badilli swell up in a,hnost cir culal or boat-shaped bodies, or curl on them-

-selves in chainettes to. mal\e sclolls and masses “(Plate 13; fig: 14.)’ Af.tel for ty elght.

hours, spoung OCOUTS. » -

[

On an agar slope a plofuse and dense, white glowth with & flufty b01de1 soon -
appears and may cover the mediuin almost completely .in twenty-four hours. On

ghucose agar, a pale, glistening, mniform-smear soon forms on the suiface. _

' There is ‘marked. liquefaétion of gelatine after seventy,—t{vo hours. At first
one sees a white line along the course of the stab, and above this a white pellicle which
hds sunk into a liquid cup. Later, the whole medium melts and is filled with filmy
masses,of floating growth. IR K ' o

A pale, raised growth is produced on coagulated blood serum, afteér twenty-four
hours. . By seventy-two howrs, itlis sirking into and liquefying the medium, imparting
to the serum a hrownish colouration:  Broth i is seen to be turbid in twenty-four hours;

and later is filled with shyeds and nbbons of white glowth Potato is covered with a
growth, greyish white after forty-eight hours, but in four da,ys brownish, imparting

. the same colour strengly to the solid medium. In lztmus milk, after twenty- -four hours,
" the colour 1s completely dlschmged and small lumps” of clot have sepa.lated out; the
reaction rémaing neutral. '

This Gram- posmve chamed bacﬂlus Is a faculta.tlve anaewbe and is non- patho-

genlc to gulnea,-plgs

!

Laxge, non- I’lIOtlle cocel, I:1p to 1- 5 in diameter, stamm b Gmms method,
g ® i g by.

The cocel, 1n smelus are of varying size, being arranged sin l as dl lococc1 or in’
b bl

ma,sses ; in old cultules they become very la,1ge and swollen, - ) .. \

l
.
=y

" On agar, aftel a few days, a scanty, Whltlsh wrinkled and heaped up grow th 18
seen.  On serwm agar there is a slightly wrinkled, dull-yellow smear with a den bicu-
 lated edge. Many pdle, fine, circular colonies are ploduced on glucose agar.

No growth occurs a.long the stab in gelatme but is marked.on the smface p10
ducing liquefaction. Later, the growth in the liquefied gelatine has a yellow1sh.tmge .

On coagulated blood serum, after twenty-four hours, fine, pale droplets are observed,

which resolve in seventy-fwo hours into a fine, linear, yellowish ribbon of glow‘uh The ‘
cocel make no progress in broth nor on potato In litmas m@lk no clottmg oceurs, and

tlie: reaction remains neutla.l - .

Thls Gram- posmve cocous is an aorobe -and is non-pathogenic to gumea: plgs

-

Gmmte Sand.

Two samples of giamte sand, gathered in Adelie Land duung the winter of 1913;
were’ available for examination. The sunoundmg rocks are of gneissic glg.mte and
“this sml which is e'}.ceedmgly scanty, was taken from a crevice. '

. The test tube conmmed coarse, g;eylsh or. dnty—omnge grit,: admlted with

some fine sand ; no signs of macloscoplc organic matter

Doy o L e
.;QQ_IS—M Vou. VII, Paxr 3, '

&3
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~ After twenty-four hours at 37 C.; an ag:n p]ate showed two ﬁnc, cucuhr white
colonies which ‘were subcultured. Five ddys later, four minute; pale co]omes weré’

evident on the p]ate Furhhel subcultmes were nmde

1T ,The‘ material conta.ined n the test tube was similar to the previous sample.

- After three days at 37° C., no growth had appeared; and after twenty-one days
the result was nega,tlve o SR T

Two or ga.nlsms were e isolated from I, and the 1e.1.ct10nb of these Io]low in “detail ; —'
(7) A Glam posltwe coceus. . (Plate 11, fig, 7. )
(8) A Gla,m -positive cocous. (Pla,te 11, fig. 8.)

‘ (7) Non:motile coce, -5u 10 -6y in dmmetel which are Gram: posmvc but with a
tendency to become quickly decolounsed They. oceur singly, as diplococci, and' in
' staphylococeal bunches. Do i '

In the original plated agar culture, the colonies - were ﬁne pa]e a,nd circular, but
in subcu]tules on agar or serum agar slopes the colour became yellq\vlbh and the growth
was till fine." Later still, the yellowish tingé changed to a canary-yellow or lemon-
yellow tint. Finally, the growth was scanty, raised and lemon-yellow, presenting an

. irregular surface a.nd a lobulated border; ‘with a few, outlying, fine, yellowish colonics.
Glucose agar seemed a more suitable medium, for, on a slope, there was'soon evident a -
modela,te ‘growth_of lemon-yellow circular colonies fusing into a uniform ::meiu

‘In gelatine a lemon-yellow fohum develops on the sulface, and  fine rows of‘
colonies follow the course of the stib. 'The folium becomes deplebsed smlung, w1th a
slow liquefaction. of the medium, ‘ '

After twenty-four hours, a lemon-yellow .drop is visible on' coaqulated bl'o:od‘
serum ; the growth remaiﬁing fine and extending very siowly. A few threads are seen
in broth, and on potato fine islets of canary-yellow growth appear. Litmus milk is .
unaffected, except that the reaction remains néutral. - a o

“This Glam posmve coccus 18 a facultatlve (muobe and Is non~pathogemc to
- gmnea.-plgs ' ‘

(8) Non- motlle cocel, *Tp to -8y in dlametm Gram- POolthC, but decolourised
rather eauly The bacteria are arranged either singly or in masses. * In old cultures there
* are mahy large and swollen cocci. :

.Growth on agar slopes-is in the form of a fine, raised, yellow smear with a few
dutlying, circular colonies.. On glucose agar the colonies are paler, and growth is more
extensive. . o

Gelatine 1s more qu cLly liquefied than in the case of (7); the upper one qumtu'

of an inch or more- of the medium melting?  Yellow growth clouds the hquld and Cdl)b '
the solid mediwm, but no colonies are seen along the stab

\ . -
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White, fine, .glistening drop,s\ are. the bnly;sign on coaquilated. blood .serum. In
broth a few threads may be whisked up from the bottom; while, on potato, a light
yellow smear .spreads slowly. No change occurs in .litmus - milk, béyo‘nd a resultant

: neut1 al 1enc:t1 Ol

This Gram- posmve coceus is a facultative anfmobe and 18 non—pathogemc to '
guinea- plgs
_ - Dried 4lgae _ o .
. Two speclmens of dned ‘ngac were available; bpth collected during the ivinter
of 1914. : - ’ '

I. The test tube contalned g1 eylsh gleen or s]aty grcy, dly shreds, particles, and
wafers, . - - P

.J,\

‘After thlee days at 3'7 C .an agar plate-showed a pale glowth having a very
faint pinkish tinge, surrounding a small piece of alga embedded in the medium.
Subcultmes were made. After six days, the growth had reached the swface of the
agar, and was spreading on it as a greyish white, wrinkled smear. A small mould had

" appeared, as well as a single, minute, pale colony, on- another part of the medlum

The mould was ncglected and more subcultures were made ,

II. The contents of the test tube were similar to the precedmg specmlen

After twenty-four- hours at 37°Ch, two- colomqs were visible on an agar plate.
Twenty-four hours later, nine colonies could be counted; including white, pale yellow,

‘:Lnd colom less growths. - Subcultules were made.

-...* Four organisms were lsola,ted from I and II, and these will be followed n then: '
déetailed reactions :— ' L ) '
- (9) A Gram-positive cocous, (]?la"ce_ 12, ﬁg.-g.) . ; . :
(10) A Gram-positive bacillus. -(Plate 12, fig.10.), .. - . . . o
... (11) A Gram-positive, sporing bacillus.- (Plate 12, fig. 1) - ' o
N (12) A Gram-positive, chained bacl]lus, sporing. (Plate 12; ﬁg ]2) - : ,

. (9) Large, non-motile cocel, of varying size (1-2u to 1-7u in dlameter) Sfa.ining
by Gram’s méthod, and occurring singly, as dlplococm and in staphylococca.l masses -
Many swollen forms appéar n old cultures. . :

The cocel develop first, as a- pale growth, and ultlmmtely, as a fine, yellow, flat
smear on agar ; separate colomes are yellow and 011’0111&1 On glucose agar the growt;h
is very fine and pale. T | _

In gelatine is seen a pale cup of growth, with a yellow1sh tmge which has sunk
with slight liquefaction mto the medium; a fine, white fringe following the course of the
stab. ' : ' o :

. On coagulated blood serum 1s PIOdqud a yellow1sh fine growth which beca.me
depxesscd as a narrow ribbon along the course of a stroke. A few. stringy shreds are
visible in broth after forty—elght hOlllS Potato shows a small yellow pa.tch cha.nging to
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This Gram-pomﬂve coceus is 'a facultative anaarobe and 1s non-pathogemc to
gumea. pigs. ) ‘ / '

(10) Slender, motlle bamlh l 7p in length and -3u in width, staining by Gnm s
method. Mogtly they are mmnged smgly, and ralcly in twos, end to end, at: an obtube
‘angle. . . '
A ghstenlng, mllky white, splcad.mg smear, which in a few days “becomes
Vellomsh mm ting along a midrib, is"seen on agar slopes. Eventually the yellow

colouration extends almost to the limits of the brilliant white smear, which tends to-be
~ raised along its margin. On glucose a'gm* the bacilli gl.ow m a gl.eylsll white; fairly
profuse, raised growth, . - - . ‘ C S

I‘lne lenticular or cufcular, white colonles may be observed alona the course of
A stab in Jqlatzazg no gr owth 1s. vmble on the surface, and thele IS NO llquef(wtlon of
the medium.- \ ‘ -

After-sevehty-two hours; on coagulated blood serum, there aré only a fe{\r, very
minute, pale ¢olonies, some of which subsequently take on a yellowish shade. Broth
‘becomes’ opalescent and milky with growth, and on-pdtato, after forty-eight. hours, is’
seen a fine, brownish streak. . The colour of litmus malk is discharged, a-clot. f01ms, and
the reaction remains acid. '

This- Gram- posfmve b‘l.ClHllS is a facultative ansrobe, and _is non-pathogenic
togumeaplgs e e o L S

(11) Motile bacilli, of variable length (1 8,;, to 3- 9,u) and f1om du $0- Gy in \Vidth

" the early vegetative forms staining by. Gram’s method. In twenty-four hows, Gmm-
negatlve sporing bacilli ‘and many  non- spor ing, Gmm—negq.twe forms are ,seen in
© smears from cultures.  The general anangement of the bacteria is-in packets ot single,
often in twos, end to end at an obtuse angle, and very occa,smnal]y m. short chains.

- The cultures of the bacilli are very chmacteustlc fivst of all there is on agar an
opaque, quickly spreading, adherent, raised growth which seon becomes wrinkled and
wlirtish; covering the whole surface of the medium in twenty-four to twenty-eight hours.

- In older cultures the centre becomes dry and more pitted, so as to.resemble honeycomb
in colour and.appearance; the growing border is irregular. On glucose agar a profuss,

white, raised and somewhat glistening, adherent growth with lobulated edges: appe‘mrs,
in twenty- -four hours. "Wrinkling soon takes phce

On the surface of gelatine an irregular, whitish, wrinkled glowth is speedily
licaped up, and along the stab is a fine fllnge no liquefaction., .~ =

' Along a stroke on coagulated blood " scrum a well-harked, brownish, wrinkled;

" ruased glowthf 1s established in ’rwenty’fom hows, and this tends to sink, with slight
hquefactlon into the medium. ~ In twenty-four hours, broth is turbid and filled with
loose’ pieces .of Whitte growth; in forty-eight liours, a puckered, white film covers the
surface of the liquid. On potato there ave produced wrinkled, whitish- m‘uklnrrs which
soon fuse; the medium changing to a light brown'colour. ~After foir days, the whole-



BACTERIOLOGICAL AND OTHER RESEARCHESSoLEAN. 93
-of the potato assumés a deep brown tint; the dark surfzce of, ihe growth being motiled
and pitted. A dirty yellow clot Is £01med 111 lztmus mzlk ;: the reaction remalmng-
faintly acid. o R ‘ : '

This Gr am-positive, sporlng bacﬂlus 18 a fncultatlve an&robe, a,nd 1s non-

~

pflthogemc to guinea-pigs.

- (12) Thiek, chamed non-niotile bacilli, showmg great erlablhty in length (1-8u
to 68[1,)——0]1 the aversge 3-54; and <6u to 1-5x in width; on the average -Bu—
staining by Gram’s method.  The chained arrangement holds in cultures up to
forty-cight hours’ old when 1nvo]utlon occurs, the separate bagilli ténd to swell and
curl up, the chains are broken, and mrcular, scroll-like or arc- shaped bodies are seen.
After for ty-eight hours, sporing commences.

On an agar slope "a plOfllSG and dense white growth, w1th a ﬂuﬁy border, soon
appeals and may cover the mediunm almost completely in twenty-four hours. On
glucose aqar, a pale, ghstenmg, uniform smear soon- sp1eads over the surfa,ce

Marked hquefactlon occurs after forty-eight hours in. a gelatine stab. The upper

inch of the medium may dissolve and gauzy floccull of growth are observed in it.

A pale, raised growth is visible on-coagulated blood serum, after fowenty-fbﬁr hours,

By seventy-two hours, it tends to suik into and liquety the medium, imparting to it a
-browri colouration.  Broth is turbid, within twenty-four hours, and filled with flocculent

“growth.  Petalo, .in forty-eighf hours, is covered with an abundant g1eyls]1 -white
‘smear, and in three or four days the whele of the medmm is discoloured deep brown,

|

-. Clottmg oceurs in litmus 9mlk, the 0010111 18 completely dlscharged and. the reaction

1emfuns neutral. . , . . _ - _ S

This Gram- -positive, chamed sponng bacﬂlus is & fo,cult.}tlve a.naerobe, and" is
.non-pathogenic to guinea- pigs. - . e s SR -

P L . PR [ ) o ! A-ll-; o L .o

The reactions on all medla. of (5) and (12) are éssentia.lly the same, so that these

_bacteria are doubtless identical. - Chained bacilli were often found in frozen algae (see
Chapter 1), in Adehe Land. . ' ' -

COMPARATIVF NOTDS

CW h(,n dunng 1903 and’ 1904, Dr. rik Ekelot wag ca.lrymg out hls e‘ihaustlve

"'resecn.dles on the ‘soil of Siiow Hill Tsland, illuminating pagés were being added to the
“subject of Antarctic bacteriology. . This islarid, belonging as it does to the complex of

t

P

ice-covered land lying to the south of’ Cape Horn, is'a field where outcrops of earth,
typl(fﬂ of the nelghbounng ‘Graham Land and of the zone of Antarctica, presented
themselves to a bacteriologist armed with an incubator, media, §taing and the other
strictly necessary articles of equipment. Dr. Ekeléf's 1esults are hlgh]y important; as
dlstmotwe as the contemporaneous-evidence of Dr. Ga7elt on the bac’ceuology of
sea- \vatel : . .

])1 Tkelof stqrted .out with a modest expectatlon and the richness of his
hndmgs must:-have "been astomshlng to ]nmself as’ to those who, previous to the

s
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_commencement of the Swedish Antarctic Expedition (1901 1903) gave him scant -
encouragement in "his scientific endeavours. - Perhaps, merely- for the sake of the
valuable work he was able to do during two southern winters, it was for tunate that the

' “]pred]tlon was not relieved in 1902 by its ship, the “ Antarctic,’ " which was lost in the.

ice. No lives were lost ﬂnough this fatality, but the plOgmmme of bactenologmal

1nvest1gat10ns of sea-water, planned by Dr. Ekeldf, .was not carried out, and he was

‘able to concentrate his attentions on the bacteua of sml—an amp]e sphe] e, judging by

the detailed records.

He states, as a plefa,ce his 1nd1v1duml attltude to the sub]ect _—
“ A very -simple consideration in regard to the occurrence of - not only- many

“animals in the soil of polar lands, but also of a great number of plants, ]llgh n
the scale of living, and sedulously mvestlga,ted by different exploiers in the

* past; should have given rise natur allyto the con]eotme that'in an environ-
ment to-which such a well- developed life of animals and p]ants could have
adapted itself, it should not be regarded as ‘completely impossible that’
bacteria, these uncornphcated and pmmltlve or ganlsms cou]d ﬁnd the condltlons‘
for their existence.” ‘ ‘ :

- On this just assumption, it is not surpriéing that Dr. Ekelof should proVe “ tha_ﬁ
in this soil, apparently -bare of-all life, there survives ‘still a persevering and not
inconsiderable flora of ‘bacteria; and. that Antarctic soil, during the warmest period of
the year,. attalns a propmtlon in bacteria which is not much. mfenor to that of the sml.
‘In our own country (Sweden).” ‘ ‘

It1s 1nstruct1ve to summarise bueﬂy his results which hold f01 Show Hill Is]n.nd
and doubtless for the patches of bare land \Vlthln and beyond the Amerlca,n Qllﬂ.dl ant :
f'of Antarctica :— o e

(1) Of 105 samples of soil examlned 11- 5 per cent were stenle r\nd 88-5 pel “cent.
. contained bacteria. : ‘ :

. (2) The largest- -number of o:tgamsms per cublc centimetre, dcmonsﬁmted ina
single specimen (collected dunng the -summer of 1902) was 140, 000 the.
- average for all samples being 19,000 per cubic centimetre.

- (3) Seasonal- vamatlons in the number of bacteria were very mml\ed For

' example the average number of bacteria in the summer was et times. that
found in the Wlntel The heat of tlie sun (insolation) ploved to be o IllOS‘b
1mporta.nt factor n promotmg growth

4) Bacterm were not present in eurth obtmned from depths gIeatel thﬂ.ll "0
centimetres. ' . . J .
(5) Gelatine redia were large]y used and, in 1ncubat1ng soﬂ 1t was often six to
"+ cight days before colonies could be observed; .the oPtlmum tempe1 ature of
growth belng about 17-5° C. ‘ ‘ .
~ (8) Twenty-nine different species of bacteria were isolated from the 3011 17 cocci',
" .11 bacilli (including some spirilla- and  thread-like 01_gg1.n.1sn:1s),. {m_d- one .
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© * ‘bacterium of an unknown group. The reactions of each species were
described in great detail, in gelatme-pla.te, gelatine-stab, glyceune agar and
boulllon cultules A -~

Dr. Gazert working at the same time cIose to the eastern hnut of the African
Quadrant of Antarctica, ‘made the lmpmtant d]SCOVGly of an anaerobic, sporing
bacﬂlus snmlal to Bacillus tetans in the guano and moss soil of, Gaussbelg e

The above 1esults of our work on the moramlc mud and granite sand of Adehe‘_

Land, in the Australian Quadrant of Antarctica, should be considered in conjunctlon :
* with the cultures from moss soil and lichen soil gathered in_the same loc&hty and
described in Chapter IV. The last-named cultures contained Gla,m-posmve yeasts
and Gram-positive, sponng bacilli. The Glam -positive, ‘sporing bacillus, accmdmg to
the chamctels noted by Dr. J. B. Clela.nd is ploba.bly 1dentlca,l \Vlth No.11.

Looking thirough the reactions of Dr. Ekelof’s twenty-nine-organisms, we were
- able to find one which corresponds in his partial description exactly to No. 2—a Gram-
positive coccus of variable size, with a fine, rose-coloured growth on solid média, not-
liquefying gelatine and multiplying slowly in broth. Dr. Ekeltf states that the coccus
was met with frequently in samples of earth—in 'some cases these cocci were: very .
numerous—examined at Snow Hill Island. “ Yeasts” were found at Snow Hill lsland
in' the form of . -Gram-positive, branching mycelia; and of these, three species-. of
Actmomyces were “1solated, and an OIganlsm (mould) which the dlscoveler could not
classify. ", C

- A few of Dr. Ekelof's bacilli have -appearances (size and arrangement), staining
reactions and growth on a single.mediim similar to' ones above described, but_ they
vary in other particulars. -Mlle. Tsiklinsky found five organisms (bacilli) in specimens
of Antarctic-soil—morainic mud probably contaminated by penguins and other birds—
brought from the south by Dr. Charcot. In'no instance do the characters of any one of
these correspond with the bacilli of morainic material gathered in Adelie Land.

Besides the bacilli, Mlle. Tsﬂdmsky isolated a Streptothriz, a species of *
yeast (Gmm “positive, ova.l cells forming a mycelium), and a Gram- -positive coccusf
Three kinds: of moulds grew from all the specimens of soil. -As a result, of her obser-
vations; she concludes that the bacteria of the South have no special Polar character,
and that, although-unable to'identify with certainty any of the bacteria of Anta.lctlc
soil, she 1s able definitely to state that none of the organisms may be placed in a:group
pecuha.l to itself, being rather a vamety of species aheady known a,nd studled =

l*mally, one should realise that by reference to the ex1st1ng clasmﬁcamon of:'
bacteria, it is impossible in most cases to do more than describe’ the-reactions of an
Bacteriology as a science is more or less systema,tlsed The-résults of these Expeditions
have shown that the bacteria of Antarctic soil are prolific in number, and that a rich
have shown tha.t the. bacteria of antdretic soﬂ are prolific in number, and that a rich:
field of i 1nqu11y and - speculatlon lies ‘open to scwntlsts of the future..

/
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CHAPTﬁR VIiL ., '_ L
COMPARATIVT SUMMARY—-BACTERIA OF THE SILA AND OI1 MARINE MUD.

IN thls chapte1 113 will be convenient to make br lef mentmn of the work: done by other;
observers on the bacteriology of sea-watér, first of all, in connection with the subject:
- of nitrifying and . denitrifying organisms.  Both Dr. Gazert and Dr. Ekelof made

quantatative detennmatlons as also did Dr. Harvey Pirie; in each case; with positive
.resu]ts Dr. Hmvey Pirie quotes the interesting coneluswn of Brandt; namely, that

‘ demtnfying organisms -play, an impeftant role in marine metabolism,- setting. free
again the gleat mass of nifrogen which is br ought into the ocean in the form of nitrate,”
nitrite and ammonia salts, and breaking down ‘dead organic matter. He hasg p10~_:
pounded thé view, based on the fact that polar seas are very rich in plankton, while-
tropical seas are compamtlvely poor, that the activity of denitrifying 01gamsms is far

greater in warm 'seas than n co]d -while nitrification, on the’ othel hand, is probably.: -
mote.active in polar seas.’ - : SRCE

He finds this contention to be mainly .trae, though Dr. Gazert could produce-
no ev1denee of nitrifying organisms, and he himself had such. slender results that he-
admits *“ that nitrifying organisms ‘are not plesent in these waters, or that the media
empleyed were not suitable for their growth.”  On the other hand, Dr. Harvey Pirie-
found that denitrifying organisms of slight- activity, under the frigid conditions, were-
widespread over the Weddell Sea, and Dr. Gazert records a snm]aJL gener: alisation in’
the atea where the Gauss worked. :

Mlle. kahnsky, ‘from twenty—ﬁve cultmes of sea- watel (plesuma.bly the surface-
water) 1 ma.de by Dr. Charcot, isolated five species of bacteria and two species of ““'yeast ”;
similar forms to some described byLDr Harvey Pirie. .The last-named obsetver, from .
ar specimen of bottom-water at 2,550 fathoms, grew a shcnt motile bacillus, exhibiting
chain formation. ~Dr. Ekel6f, in a more limited sphere, obtained positive results in-
his exannm.tlons of sea-water. ‘ | .

. Dr. Gazert’s records were more exhwstlve embmemg, as well as those: made
in Antamtlc seag, a large number of cultures secured from bottom-water (uneontmmnfxtcd'
by ooze), ooze-water (contaminated by ooze) and ooze in the South Atlantic and South
Inidian' Oceans: He found that the temperature at great depths passmg flom the:
tropics southwards, varied from 2- 8° to 0-3° C _

Tienty-four 1nvest1gat10ns altogether were made of bottom—water and ' only -
tluee instances was .there a complete absence of bacteria. - At a depth of 1,440 fathoms
in Antzuctlca, (latltude 65° 28" South, longltude 86° 10’ ]La,st) twelve oma.msms per
cubic- centlmetre were plesent in bottom water. o o

. Of the total observations (seventeen n all) made "on ooze- water, a complete
a.bsenee of ba,eterla, could only be proved in one case. 'In An‘t.n.ctlca, five e‘mmm_a.tlons-
were positive; thirty-two organisms per cubic centimetre being present at 1,440 fa.thon}‘s_.; .
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Among 'twent)-r four samples of ooze, there were fourteen in which no growth
could be obtaihed. . In Antarctica, examinations on ‘the seven ocecaslons recorded,
in depths down to 2,170 fathoms, gave negative results.  Dr. Gazert was, therefore,
led to conclude that the oozes of the frozen sea are apparently sterile.. He quotes for -
comparison the fact that B. Fischer did not find any, germs'in two specimens of ooze
taken in the Atlantic Ocean, in the region of the Gulf Stream, in depths of 830 and
1,315 fathoms; and in two other samples,. one from the sargasso sea in 2,870 fathoms
and nnofhel from the north equatorial stream in 2,240 tathoms, he ascertained the
presence of bacteria in small pieces of ooze (the size of a pea), but cons1deled that hlS
hndmgs were open to fallacy

-~

" Dr. Gazert says :— _
““ The résults of the investigations in the antarctic regions and in the tropics partake
" of the same character; in effect, that the deep sea in either case is poor in
gci’ms ' On account of this fact, and considering that the bacteria in elther
extreme of latltude have an optimum temperature of growth of 20° C:, we may
at once come to the conclusion that the sudden change from the icy cold of
the deep water to the femperature of the laboratory does not kill the germs;
and fmther that the observcd la,o]\ of bacterla 18 not merely apparent but
existent:”’ ' - R

It is rather remarkable that Dr. G&zerts samples of ooze were in every case,
but one (diatomaceous ooze) from the glacial cla,y which one finds covering the sea
bottom in places where glacier tongues push off from the Jand or large masses of ice
break away and. deposit their. burden of contmental soll. . He concludes his researches
with a discussion on the a.mount of organic matter found in the oozes. In the Antarctic
regions, organic substances varled between 2-7 and 4:7 per cent., using the ordmmy :
chemical tests. . ‘

One may profitably compare these results with the conclusions reached by Dr
Portier*, who conducted his researches i in the North Atlantlc Ocean and the Medlter-'
“ranean Sea. R o .
* ““ Neat -coasts, and especially off the outlets of rivers, the numbers of bacteria (in

the sea-water) is very large (several hundreds or sevelal thousands per cubic
centimetre). '

“ As.one gradually passes to the high seas, this number diminishes. rapidly. . On

the whole, in mid-ocean, so to.speak, they are fairly abundant near the surface

* (several organisms, sometimes ten to thirty per cubic centimetre). But, their

number diminishes very quickly ‘as one descends into deep’ water, until, at .

-about 1,000 metres (550 fathoms), one is not able to discover a single balcterium

in 30 cubic centimetres of water. The water is perfectly sterile, as pure as
sprihg water.”” o T o

* Bulletin du Musée Océanographique de Monaco (No. 56)° Counsidétations sur la biologic marine par S.A.S. Te
Prinee de Monaco. 1905, . . ’ R
*20218—N Vou: VII, Part 3.
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* An exception was found to this rule in the case of a submarine ridge—the
Gorringe bank—in'the Atlantic Ocean: between the Azores and Portugal, where the
bottom rises to within several hundred metres of the surface. Here a rich fauna and
"much decomposing organic matter were found\ to alter cmrespondmgly the bacterial
content of the supernatant water. ‘

On the ana.logy of this evidence, one would expect in Antmctloa to find the
_ bacterial content of the sea greater near outcrops of the coast, where thaw-water in
the summer time washes down organisms from the soil, and where seals, penguins and
birds abound. = Dr. Ekelof, in the vicinity of Snow Hill Tsland, discovered that the
soil was rich in bacterial life, and from twenty-seven samples of sea-water taken in a
locahty not far from Graham Land grew cultures in all*but six? there being on the
average, to every cubic- centimetre of water, twenty one micro-organisms.  He was
not able to make comparative records in the open sea because of the loss of his ship,
the  Antarctic.”  Dr. Ga/erts observations yielded similar results off the coast of
Kaiser Wilhelm II Land. -Dr. Harvey Pirie, working on the ““ Scotia ”’ in the open
Weddell Sea—an area which is- mostly beset with pack-ice—fourid in one anomalous
instance 112 colonies in one cubic centimetre of watér.  This should not be surprising
s the local bacteria may have been in, this}ih’stance increased by a berg with massive
inclusions of soil, above or below the surface; material which is continvally being
cirried northwards from the continent by ﬂoatmg ice. ~ Or again, in open leads, amongst
the drifting floe, surface plankton in any quantity must entangle many bacteria. - It
-is true that we have no facts to support this. suggestion, nor has any extended work
yet been done to establish the relation between the number of bacteria in the various
zones betwéen the inshore waters and the ocean beyond the fringe of Antarctic pack-ice;

_ but the results we ]mvc obtained from investigations of the soil, glacier ice, and falling
snow_ have been o stnkmg,that new light has been thrown on; ab least, one source of
" the ]ow life prevalent in the Antafctic and Southern Oceans.  Dr. Ekelst co*ncluded_
that his findings ‘were of great theoretical ‘interest, in that they conclusively proved in
. the gea-water the existence of bacteria, which were not only able to grow, but also to-
increase in numbers at a temperature of 1° or 2° C. . Our own experiments tend: to -
show that a similar phenomenon may. obtain in the case of the 1ce and snow which
ensheathe the great southern continent of 5,000,000 sqnare - miles. '

) Durmg ‘two cruises of the “ Aurora,” we were not equlpped' with the necessary
ipparatus and: media for making -a bacteriological e\amlna.t.lon of sea-water.. There
13 & short record in the Bacteriological Log of a specimen of sea-ice from Commonwealth
‘Bay which yielded several cultures containing (@) short, nodular bacilli; (b) short cocco-
bacilli; and (c) yeast torulze.  Close to the shore—the haunt of seals, “penguins and
. birds for six months of the year—one would expect to meet bacteria in numbers.
Phosphorescent patches- of water were often noted at-night in the interstices between
the pancake ice at Cape Denison, and Mr. Hunter, the blologlst found in samples of
‘the water small copepod crustaceans.’ \To examinations were made in search of
phosphorescent bacilli. '
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The. obsewatlons made in Sydney on four specimens of marine mud are, however, .

of some interest. In one case where the mud was an example of diatomaceous coze,

from a depth of 300 fathoms, obtained about 6 miles off the coast of Adelie Land,

bacteria were plentiful; (a) a Gram-positive coccus; (b) a Gram-negative, colon-like

bacillus; (¢) a Gram-negative, curved bacillus or vibrio; (d) an.irregular, Gram-positive -
bacillus like Bacillus diphtherice; (e) a Gram-positive yeast.” In'the same situation -
a rich catch was made in the deep-sea trawl of asmdlans, 011n01ds, holothunans and
“fish.' -There is the chance, howeveér, that the specimen of ooze may have been con-
taminated by the sea-water; as it was co]leCted in a sterile tube as soon as the sounding
instrument had 1eached the surface " Still, other samples gave consistent positive
results. ‘ ' o

For example, at a station a little further north and further to the west.(latitudé
66° 52" South,: ]Ollgitllde' 145° 30" Kast), a Gram- -positive, sporing bacillus, and a Gram-
posmve cocco-bacillus, were grown from.ooze at 240 fathoms, some 8 to 10 miles off
the land.  Calcareous fragments recovered in 230 fathoms, 60 to 80 miles north of
the continent (latltude 65° 48" South, longitude 137° 32/ East), showed (a) a Gram-
positive coccus; (b) a Gram-positive “ yeast ”; (¢) and (d) Gram-positive, sporing bacilli,
of two species; and (e)a long, thin, Gram- negative bacillus, not acid-fast. . In ooze at
150 fathoms (atl’cude 66° 32" South, longitude -141° 39’ East), appeared. in culture,
(a) . a Glam—negatwe coliform bacﬂlus, (b) a Gram- -positive coccus; and (¢) a- Gram-
'pOSItlve, dlphthewld bacillus.  In cultures from 300 fathoms—both made on the

“ Aurora,” north of Queen Mary Land——wele found short, thickish, Clram- negatwe ‘
bacilli with.a tendency to retain Gram’s stain. _ Finally, a few cultures of mud from
1,520 and 1,700 fathoms, recovered just on the northel n fringe of the pack-ice, exhibited -

~ no growth. . - _
Appmently, thelefme the oozes oontfun bacteria in numbers down_ to a certain
- v(umble depth, which has not been asce1tamed, and certainly bacteria may always
be expected, on the contmental shelf of Antarctica, down to 300 fathoms, and p] obably
in far greater depths. - The fact that the deep-sea trawl used on the “ Aurora,” during
the: summer- cruise of 1913 to: 1914, at eleven stations along the coast of Antarctica,
over an east-to-west distance of about 1,100 miles, in depths down to 1 ,700- fathoms,
brought up many forms of marine life on every occasion, and fish on ten occasions,
should be mentioned to support the supposition that bacteria were p1esent in the ooze
in every instance. Though negative results were obtained n specnnens from 1,520
and 1,700 fathoms, a fish, Chalinura. ferriers, from 1,700 fathoms, gave a growth in
cu]tme from the 1ntest1ne, of a Gla.m-nega,twe, sponng bacillus. l

One should quote for comparison the expellence of MM Charles Richet and
Portier*, in their 1esea10hes in the North Atlantlc Ocea,n namely, that bactena wele
found in deep-sea ooze down to 1 625 fa,thoms, but beyond that depth they were
e‘(ceedmgly rare.or absent. ~ - , ‘

T ¥ La J.rumlemb Cnmpmglb Sclcutlﬁquc dc Ia l’rmcc%c Alch ITmL par S A S Albcrt ler Pm dede Momtco Extrait
des Con ples rendus des 86 ances de Acmlcnue des Sciences, t. C\Y\IV .p- 961, (Séanco du 28 avril, 1902).
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CHAPTER IX..

- PHYSIOLOGY.
L I.
THE n'lémbersf:'ofv,the Australasian Antarctic Expedition were mostly )‘70ung and in the
prime of life. - The. average age of thirty-seven men- (including the land parties at
- Macquarie Island, Adelie Tand and Queen Mary Land, and the ship’s officers) was
26 years. All were of good physique, in sound health, and at some tnne or another had
“ roughed 1t.” :

In the‘”‘Hut‘ at Adelie Land eighteen men—two amalgamated parties—lived
during the year 1912. As a résult of the hard work and wholesome food, the weight of
every man increaséd, on the.average, by about 10 Ib. In two casés the increase in
welght reached 28 lb., and was at its md.xnnum in June and July, the winter months.
"'There was always occupation for everyone outsmle, assisting in the meteomloglcal

magnetic, tidal, and other observations, while every minute of available calm weather
was spent in erectinig or repairing the wireless masts. There was no sickness of any
kind. ~ Rather one should say that there was a superabunda.nce of health and good .
- spints, despite the continuous bhzzard wind. ' ‘

It"is not surprising, therefore that .the records of blood examinations of six
‘men of the party should show a rise in’ haemoglobln values during the’ penod of mid-
Wmtel

' Dr. G. P. Howe, of Bllkkelsen s Arctic Expedltlon (1908) notes his e\penence.
when wintering on the north coast of Alaska :—

“ I kept records of the haxmoglobin of a party of six white men from September to
March, covering the whole period while ‘the sun was away. There was no
diminution of heemoglobin attnbutable to the absence of sunlight.”

He goes on to state that Slmlla.l‘ experlments were tried on the .J a.ckson—
Harmsworth Expedition to Franz Josef Land, the Duke of Abruza’s Expedition,
and on Scott’s Antarctic Expedition (1901-1904), wmh the same results.

Dr. Koetilitz, ,dfiring the ]a.st-liamed Expedition, took regular measurements of
the weight, ‘the chest, the grip, and the capacity of the lungs of forty-five men of the
““ Discovery.” He observed that the Welght tended to increase, though it fell off in.a’
'few cases, and that the blood grew richer, with few exceptions.

o _Slx men,of the Adelie Land party were subjected te b]ood, examinq.tions and to
estimations.of blood pressure over a period .of ten months,\the first tests being made at

f
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Hobart.in November, 1911, just prior to the “ Aurora’ 5" departure for the South. .The
:details of this work are set out at length below, while two curves,:of heemoglobin values
and of blood pressure readings, have been constructed.

CURVE OF HAEMOCLOBIN \/ALUES
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The first curve represents the mean of six, monthly values, estlma.ted on nine
occasions. Tt will be apparent that there.was, durlng the fitst five months, a slight

-decrease in the hwemoglobin. percentage. Tf reference is made to the numbers of red

cells, the heemoglobin decrease is seen to have been coincident with a rise in the average
numbe1 of red cells. That is to say, that the sudden increase in the red cells—liable
to ﬂuctuatlon in numbers—may have. been responsible for the slight diminution in
colourmg matter, whose value changes more slowly. The delayed reaction of the
hwmoglobm had . definitely taken place by the month of May, and had reached its
‘maximum in June, after which it dechned shghtly for two months a,nd n September
“again showed a tendency to rige. .-

Actually the history of the ten months after leaving Hobart was as follows :—
A period of three months of intermittent hard work—the sailor life on the ship, the
partla,l establishment of the Macquarie Island, wireless station, the Antarctic cruise,
the landing of stores and equipment at Cape Denison, the building of the Hut and the
construction of many subsidiary stations for sclentlﬁc instruments. The’ red cells
1nc1eased durmg the penod of muscular a,ctlv1ty, totalhng in one instance more than
7,000,000. Where the readings were abnormally large, the estimations were repeated.

When the more or less leisured life: within the Hut had really commenced, the
~-heemoglobin value definitely rose in'a steep curve.: After midwinter the average number
.of red cel]s wag still on the i mcrea,se, the haxmoglobin suffering a siight fall, until in August
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_this-average decreased, and the hwmoglobin 1 rose Slighﬁly “August and Septenibel were
_(month% when’ short, sledging journeys were attempted, and the- dnftmg Snow was 50
sma,ll In amotint that outs1de work became the rule. '

.The curve is rather an 1nte1estmg one. when thus. 1elated to the physmloglcnl S

life of the siX men on Whom the experiments were made. Perhaps the most noticeable
fact 1s the h]gh count in red cells which wis definitely established after March, 1912,

P

‘The number of white cells—almost mvauab]y below the nor mal—show ed,
comparison with the estimations made at Hobart, a-slight diminution, maintained llllt]l-
April, 1912, after which the average rose to the original level. The following tab]e‘
shows the mean result of differential leucocyte counts made on six men :—

Name. Date. 113 :::;2;;? Ne\\ltrophiles. Lymphocytes, | Mononuclears. Eosillé)ghiles,

o S per cent. | per cens. per cent. | per cent.
W.H.H. 17-5-12 3,437 46. ‘ 50 2 C2
A.L.M. 17-5-12 4,220 41 56 2 1
J.I.H. 17-5-12 3, 750 - . bl 45 2 14
J.CGH. C175-12 | 4062 | 55 40 ol ..t 2}
EN.W. 17-5-12 | 5625 56 38 33 i
AJH 25-4-12 4,687 52 - 46 2, 2

Average g 4,207 50-1 458 24 28

Thé ‘absolute number of lymphocytés in this mean count of 4,207 leucocytes
amounts t0 1,972. In normal blood'there .arer dpproximately 2,000, so that we may
infer that the diminution in the ]eucooytes' as a whole is due to a decrease in.the
-neutrophiles of nearly 3,000 cells. In blood films which: were made from time to time,
. “the absence of the usual number of neutr ophlle leucocytes was noted.

Only on. two occasions in the routine blood examinations did the leucocytes
show an unusual rise, e.g., A.J.H. on'17th May, 1912, had 10,000 white cel]s-—.neutwplu]es
‘81 per cent., lymphocytes 18 per cent.—and comphmed of a slight * stuffiness ” of the -
"nose; J.G.H., on 20th June, 1912, had 7, 500 white cells, for no assignable cause. . On
6th June, 1912, a blood count was done’ on F.I.S., who was suffering with a whitlow.
. There were 11,000 white cells, approximately, of which 79 per cent. were neutrophiles,
and 20 per.cent. were lymphocytes. - On 3rd July, 1912, J .C.C. had a dental abscess,
- with aleucocytosis of 8,125 cells. - y - N

A

I used for the hemoglobin est‘imati-o'ns Haldane’s modification ‘of Gower’s and
Gower’s  (after Sahli) hemoglobinometers. B'dth instruments - were compared, on
;returmng to Australia, with the absolute standard—a 1 per cént. solution of ox blood.
The picro-carmine jelly’ of the former h:omog]obmometer sho“ ed the same tint as the
absolute standard, and that of ‘the latter was very shghtly richer, ‘a small correction
being applied to the readings whenever. this instrument had been used. Another com-
~plication which arcse was the fact that acetylene light.had been used in making most
f thg observations in Adeljie’ Land, whereas .the earlier ones-in ‘Adelie-Land, and the
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.preliminaty. estimation in Hobart had been done by daylight. A large huimber of
- “comparisons was therefore made of readings in daylight and in acetylene, Jight, the mean

~ difference actually being about 10 per cent. of haemoglobin vq,lue This correction Was
then u.pphed wherever.it was necessary ' '

. With regard to the curve of blood pressure an inter pretatloll may be attempted, -
ha,vmg due regard to the activities of the six individuals. whose mean re‘mdlngs were -
taken over a peuod of nine months.

CURVE OF BLOOD PRESSURE READINCS
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~ With the unwonted and strenuous worl\ the blood pressure 1mmedla.te1y rose
between November, 1911, and February, 1912, suffering a complete relapse in-March,
1912. It is difficult to say why this fall should have occurred.  Actudlly, by 21st March,
the winter had really started, and our labours were not so strenuous as'in the days of
hut-building at the latter end-of J anuary and the beginning of February. But hiberna-
tion was well established in May, by which time the blood pressure had recoveled and
stood at-its hlghest mean point—more than 127 millimetres. of mercury. _The next

fall- was more gradual, and there. was a definite upward gradient when me ha.d -once
- more been resumed.

Physmloglcally one should expect ﬂuetua.tlons in the blood - pressure,’ whlch
depends 6n immediate factors of ‘environment and physiological function. It is to be
regretted that a mercury instrument was not used, as the “ spring ”’ gauges are not
always reliable. I used a R‘oge_i"s sphygmomanometer and fouha it very eenfrenient
and portable ' S ‘ B ; ‘

" On one occasion I took 1t ‘with me while on a short and ra.ther labonous ‘nine
days’ sledgmg trip, with a view to Observmg 1f there was any marked difference of blood

kY
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pressure at different altitudes. -
and the aver age velocity of the wind lay between 55 and 60 miles per houl

"AUSTRALASIAN ANTARCTIC EXPEDITION. """

' were as follows, each Ieudmg belng the mean of thlee —

The mean’ temperature for the period was —20° F.,

The results

F.LS.

- ALM.

‘which did not permit of accuracy.

'
‘

Mean of two )

1

Sea Level. 1,500 feet, ],700 feet.l 2,000 faet.
12125 mm. Hg, 125 mm, Hg 126-25 mm., Hg, 195 mm. Hg
125 . 122-5 - 137'5 3 * 142 o

123-125 mm. Hg.

131°875 mm. Hg.

+123-75 mm. Hg

133-25 mm. Hg.

That is to say, the mean rise of blood pressure in 2,000 feet is registered as 10 mm.
Hg. .The readings were taken at the same time of the day—after the evening meal.
Such fesults have little value, as they are isolated observations made under donditions

SUMMARY oF Broon ExamMinaTiONS.

'

ALM.

JGH. .
WHH. ..

" F.HH.

‘AJH.

EN.W. .

ALM.

J.G.H.
WHH ..
FHH.

-AJH.

ENW. ..

ALM.

JGH., ..
W.HH. ...
F.H.H.
AJH.
EN.W.

ALM.

JGH., .-
W.HH. ..
FHH. ..
AJH. - ..

E.N.W.

Hzmoglobin. Red Cells. White Cells. ?1?5221.‘ Blood Pressure.-
, No. 1.—Hobart. 27-11-11. . ‘
per cent. S
8825 . 5,680,000 4,687 i 1156 mm. Hg.
92 4,610,000 6,875 99 14 T
91 1 5,870,000 5,000 a7 | 122,
94-25 4,950,000 4,065 93 119 . .,
89 | 4,630,000 5,000 96 1225, .
89:5 4,810,000 5,625 93 10375 ,,
No. 2.—Adelie Land. '15-2-12,
per cenf., ) ' . Co
884 . 5,160,000 3,981 85 140° mm. Hg.
93 " 5,310,000 5,000 . 87 117-5 "
92-4 6,710,000 3195 .| .68 | 1215
e 94-25 5,600,000 5,000 93 . 13675 - ,,
O PO -5 6,930,000 . 4,062 61 1225 .,
895 5,320,000. 5,000 -84 10275
. No. 3.—Adelie Land, 21-3-12. ' . -
per cent. :
86-15 5,625,000 4,375 -7 | 121:25 mm, Hg
935 4,820,000 3495 | .96 | 12625
91-4 7,250,000 4375 63 15 .,
94 . 5,600,000 5,935 - . -83 100 "
8T . 5,000,000 4,062 8T, 12125,
(*) 90 5,000,600 5,000 90 115 »
No. 4.—Adelie Land. 22:4-12, o
per cent. . .
889 - . 5,780,000 4,220 -8 130 25 mm, Hg
87:9 5,780,000 5,312 C AT . 125 Y
. 9252 6,566,000 3,750 R /i TR UL 2 S
90-4 5,150,000 5,312 - 87 12725 -
C 919 | . 6,350,000 4687 - 72 19795 . ,.
89-45. - | 6,300,000 5,937 709 | 1325,
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.. SuMMARY oF Broon ExamiNATions——condinued. - N

‘ Heemoglobin, | Red Cells |  White Cells. " Golour " |- IBl_oold Pressur.
. No.5.—Adelie Land. 17-5-12.
oo ' per cent. | ' ‘
ALM. .. .. .. 9365 5500000 4,220 ! 127-5 am, Hg,.
JGH. ..o L 9315 " 5,920,000 4,062 *° 78 1215,

"WHH. .. . L 9515 - ((%) 1,140,000 3,437 . 66 12875,
FHH. .. .. .. 959 .| 5,830,000, . 3,750 83 12875,
AJH. ... .. .. 94-4 5,480,000 10,000 86 130 -
ENW. o L L] 924 5,210,000 . 5,625 . 88 1. 1225 -,

o « No. 6.—Adelie Land.  20-6-12, -

CALM. . L 944 . 5,410,000 4,843 . 8T 124-5 mm, Hg
JGH. ... .. .. 93-4 6,460,000 ° 7,500+ | 72 1215 .,
WHM. .. .. Ll 10015 - 7,000,000 - 4,062 CoqL 7] 1225 -,
FHH .. ... .. 95-795 6,990,000 . 4,062 68 1225

CATH. L L L] 10005 7,060,000 5,000 709 | 120 (approx.)
ENW. ... .. .| 964 6,000,000 5,000 4803 | 125 mm. Hg.

s No. 7.——Adelic Land, 22-7-12. ’
ALM, .. .. .. 94-9 5,880,000 |- 5,625 807 | <131-75 mm. Hg.
JGH. ... .. .. 959 ' 7,570,000. 4,687 63 | 1325,
WHH. .. .. .. 974 | 6,600,000 5,000 73 125 .

- FHH ... .. . 949 6,670,000 4,062 71 115 ”
AJH. ... .. .. 98.9, 6,725,000° .| . 5,312 - 13 120 .
ENW. .. . L. 939 6,830,000 6,250 . 68 115 .

. . No. 8.—Adelie Land. 22-8-12, ‘ '
ALM, ... .. . 9315 5,980,000 5,625 77 1275 mm. Hg
JGH. ... .. .. 95:225 + 7,500,000 6,250 63 1325,
WHH. ... .. .| . 969 : 7,450,000 -| - 3,750 65 |-125 .

FHH .. .. .. 93-9 7,300,000 5,000 64 1275 .,
AJH, .. .. .| 984 - 17,110,000 5000 | 69 | 1175
ENW. .. .28 L) oad 6,370,000 4315 | T4 115

. . No. 9.—Adelie Land. 19-9-12.
ALM. .0 - .. . 9415 6,380,000 4,375 73 [~ 130 mm. Hg,
JGH. . a. . 94-65 6,480,000 5,000 73 121 .
WHH. ... .. 9T 7,860,000 5,937 -62 125
FHH. .. .. .| . 949 6,630,000 ° 5,625 79 125 i
AJH, ... .. .. 96-9 6,380,000 4,375 15 | 130 .
ENW. ... .. .. 944 7,050,000 5,625 66 | 1166,

I1. o o T
RATLS oF GrowtH oF Hair anp Nairs.
A few ObSOIVELtIOHS were made during the winter of 1912, in oider appr oxmla,tely
56 estimate the growth which occurred in-nails and hair. The usual plan was to make
a small file-mark on the nail, and to measure weekly the distance betieen this mark
a.nd ‘the arc of skin alound the matrix. A single hair was isolated by shaving all round
"it. . The measurements were determined with a mlcrometel 1ea.d1ng to the ne(nest
Tiso of an inch. . ‘ o o :
Actually it-became very noticeable that the hair of the head and the nails glew ‘
so slowly that they were cut much more infrequently than' was the case in' the temperate
climate of Australia. The hair, like other epidermal appendages, tended to become diy
.20218.—0 Vor. VII, ParT 3,
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and rather Tustreless, because-of the low humidity of the atmosphele the diminished peri-
pheral blood circulation, and the impediment to free exudation of sebaceous secretion.
Close-fittitig helmets; of coug.sc, did not encourage growth of hair over the head. The
mean temperature of the Hut was in the vicinity of 40° F., while the mean, annual
outside temperature was applo\mmte]y zero Fahrenheit. The greater part of the winter
‘was spent in the Hut, especially during the long spells of hurricanes, when it mlght :
only be necessary to go.outside for an hour or more each.day to take, readings from the |
mctcomloglcal nmcrnetlc and othel mstruments. : e :

The results ave stated-as they appear in the Bacfexriological Lc;g'. 'l‘he ﬁgu.l.'es (1),

-+ (2) and (3) indicate a different nail or hair, as tlie case.-may be :—

Nagl—left ring finger. - , Rale of Growth.
(1) 16-4-12. “Mean of three readings = -2104 inches \ 0389 in.in 9 days, or .
25-4-12. do do = 2493 ,, -0043 in. per'day,
(1) 25-4-12. .Mean of three readings = -2493. |, -0426 in.-in 14-days, or-
' 9-5-12. do do = -2919 ., -003 in: per-day. - *
(1) 9-5-12. Mean of three readings = 1919 ,, -0161 in. in 7 days, or
L . "~ do do = -3080 ., -0023"in. per-day:-
(1)"16-5-12. Mean of three 1eadmgs =.-3080 ,, -0359 1n.-in 7 days, or
23-5-12. . do do = -3439 ,, -0051 in. per.day...
(1) 23-5-12. Mean of three readings’'= ‘3439 , -0344 in.in 12 days, or
: do - do = 3783 , -0028 1n. pet day. =~
(2) 4-6-12. Mean of three 1'eadii1gs = 1897 ,, ‘0977 in. in 27 days, or
1-7-12. do, do = 2874 , -0036 in. per d(my o
Mean rate of six sets of observations = -0035 inches per dey :
‘Haw—left frontal region. - L : " Rate of growth. . =~ .
(1) 16-4-12. Mean of three readings = -2335 inches | -0695 in..in 9.days,.or ... .
© 25-4-12. do do = 3030 ,, 10077 in. per day. '
(1).25-4-12. Mean of three readings = -3030 -, -0334 in. in 14 days, or,
. 9-5-12. do. do = 3364 ,,. -0023 in. per.day.. .
-(2) 16-5-12. Mean of three readings = -3041 ,, | -0644 in.'in 7 ‘days, ‘ov
23-5-12. do do = -3685 ,,  f -0092in. per'day,’
(3). 4-6-12. Mean of three readings = -2399. ,,0 , | -1206 in. in 27-days, or
1-7-12. - do ° do = 3605 --0044 in. per.day.

. Mean rate of four sets-of observations = -0059 inches per day.

“Hebra (in 1874) estimated the growth of a finger-nail at about 1 mm. (-04 inches)
in a week—0057 inches pef day. More recently J. M. H. Macleod has coinputed the
rate at -8 mm. (-032 iﬁohe%) per day. Granting that the second dbsm vation is correct—
and without doubt the rate of growth varies according to the latitude, the season, and
the mode of life—a nail would appear to' grow about ten times as fast in the British Isles
as 1t does in Antarctica.

Sc]mfel states gene1 rally that hfm gr ows at the rate of mbout hfﬂf an inch in a “ :
month, 4. ., -+016 inches a day. Our own observations, which can only be regarded ‘as
very app: O\lm.‘l,te, indicate that hair in a tempemte cllmate grows almost f01ty fimes .
as. fast as 1t doesm Antfnctlm o Co

EYR S :
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" CuarrEr X. J : : :
IMMUNITY. _

Berore the departure of the T\(peditibn the question of testing human immunity by
Opsomc observations carried out in Australia and in Antarctica opened up interesting
possibilities. Thus soine Weel\s were spent in collecting apparatus and in practising
the necessary technique. * It was obvious, too, that in order to secire evidence of any-

value, the opsonic index to a definite organism of a person living under civilized

conditions would have to be compared with the index to the same organism of the same

individual living in the Antarctic regions. To secure such a result, it would be necessary
to carry to Antarctica a living culture of a bacterium which. would not thrive in the
winter quarters selected. by the Expedition; or, in other words, a bacterium to which

‘the subject to be examined would not have access in the south. Therefore dried

tubercle bacilli and in emulsion of the same organisms were chosen for the purpose of
the opsonic tests. Staplylococcus pyogenes albis was also used, but the cultures were
grown froni throat swabbings made in the Hut at Adelie Land, that is, fronr bacteria

" to which the individuals examined already possessed immunity.

Under the unusml cireumstances of a polar expedition, 1t had been ploved by

})IOV]OHS e\plcnels that the ordinary germs of civilization, as those of coryza and

influenza, attacked with more virulence than usual the members of an expedltlon
returning home, after their long respite from bacterial invasion.  Shackleton relates
how the opéning of a bale of blankets at Cape Royds, Antarctica, set free or ganisms

which caused a short-lived epidemic of coryza. It was the e\penence of our own

Expedition that. men who occupied a certain cabin on’the “ Aurora;” during the first -
southern cruise, sooner or later contracted influenza, and there were several cases while
the ship was within the Antarctic Circle. Perhaps the best e}mmple of the liability to
bacterial invasion, ‘conferred by living in an appalcntly germ-free environment, is
aftorded by the fact that tuberculosis and other diseases have made havoe of 1 'squimanx
tribes in contact with more cwﬂlzed neighbours. The reason is, because of the close
cohabitation of these people, who with a low inherited resistance to tubercle bacilli live
together for long winters confined in their igloos of snow.

We had other evidence of this lowered resistance. Whltlows were: opcned on

three occasions during the stay of our party In Adelie Land and there was one case of
dental abscess. - The pus from otie whitlow grew In culturé Stc.zph ylococeus - p Joqenes

" aureus, Staphylococcus pyogenes albus, and Streptococcus p yogenes. It is to be noted that

the first-named organism was not, present in the dust of the Hut, as ascertained by
monthly plate exposures (Plate 15), nor in pharyngeal -and nasal swabbmﬂs made 6n -
subjects over a period .of five months. It 1s, the]efoxe tolembly certain tha,t these

‘orga.nisms were latent in the tissues and notlocal and e_xtemal mn 01.1gm. Dr. S, . -Jories
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reported that one member of the Western Party had. Zerpes zoster during the winter
of 1912 in Queen Mary-Land. The lowered resistance of nerve ganglia produced by
exposure of the individual to 1ntense cold 1s. the only proximate explanation in this
pa.ltlcula,r ingtance, * '

Our ‘cultures from various natural sources, and the work of previous obser vers,
have shown that bacteria are \Videsplea.d in snow, ice, soils, and in the sea, and are
. present, though reduced in numbers, in the intestines of mammals, b}irds and fishes.
Of twelve spemes of bacteria isolated from nlOId.lIll(’, mud, granite sand, and dried algw,
none had ‘pathogenic action when injected into gume’m pigs. Mile. Tsiklinsky grew
from the intestine of a penguin a bacterium allied to Bacillus pyocyancus which. ]m.d
pathogenic properties. Dr. Gazert described a sporing bacillus similar to Bacillus tetans,
which he obtained from guano and moss soil, but there is no record of 1ts pathogenicity.
In Adelie Land seals were frequently seen covered with suppurating wounds, wlhich
were proved to contain pyogenic organisms. Still we may not presume that the
bactetia of an Antarctic envuonment ~when not of animal origin, are to be regarded in
: every Instance as innocuous.

]

Small cuts, scratches, abrasmns and fmstbltes, whmh were all very common.
amongst members of the Expedition, did not become infected readily even though
neglected. However, it was always found advisable to cover over a wound with'a
dressing, otherwise it would take weeks-to heal, exposed as it often was to veiy low
temperatures. Nails and hair ‘grew slowly, the skin of the hands and face was drter
" than usual, because of the inhibition or :partial solidification "of sebaceous secretion,
atid the peripheral circulation of the blood was decreased in amount. So the edges o
" a small wound would remain everted and contracted for a long time, and, even though
" there was a healthy granulating surface, epithelial growth was very tardy.

The results of the opsonic tests in Adelic T.and were disappointing, mainly
because of the pressure of more important work, and because of technical difficulties
which are increased under the rough conditions of an Antarctic. hut. Still there were a
- few notes, and théy are stated as they appear in the Bacteno]oglc&l Log. No
. oompamtlve estimations. were made in Australia. . . . L.

~ In six cases whele tubercle bacﬂh wete used as. the bacterial emulsion the’
opsomc index was. more than unity, and, in one case, it was as high-as 2:2.  This
figure may be explained by the lower phagocytic index in “‘pool ”’ serum as compared
- with the same in “ own ” serum, recorded in each instance. The “ pool ” or normal
serum was a mixture in equal parts of the,sera of three individuals. Collecting the
blood samples, centrifugalising them and mixing the sera took sufficient time-in the
cold Hut—with an- average tempemtme'of 40° F.—to render them, as a medium less
favourable for the phagocytic- action of the ]eucocytes Though the warmest time of
the day was usually chosen for the opsenic work, it was.impossible, when wor l\mg with
fine columns of fluid in pipettés—and in the absence of an opsomc mcuba,tm —to-hope
. for absolute accuracy in the results,

R
»

]
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"The tests to Staphylococcus pyogenes albus (cultured. from a tliri)a,t, swabbing)
showed nothing of interest, beyond the high phagocytic power, in most cases, of the
neutrophile leucocytes to an organism which they were accustomed to combat.

OpsoNIC RESULTS

Ewpcmncntal Obscrcatwn
17-4-12. Opsomc mdex to Staphylcccccus pyogenes “albus—A.L. M

~The bacterial emulsion was made up from a two days’ culture of Staphylococcus .
pyogenes albus.” A famt opalescent solutlon was used.

. Phagdcytic index = 3- 02 in “ own 7 ‘serum. .

A “pool ” or normal serum was made from thlee membels of the E‘{pedl’mon

Phagocytm index = -673. o ’

' Opsonic'index = 4-48. :
."Note—In all estumatmns, unless otherwise stated, baotena. were

counted in fifty neutrophile leucooytes ‘

_ Summmy of .Estwnations.
20-4-12. The usual procedure was followed. - The ‘bacterial emulsion was a
faint opalescent solution of a twenty-four hours’ culture -ofStaphylococcus pyogenes
albys.  Blood samples were collected in glass capsules and centrifugalised to obtain

serum and washed leucocytes. The “ pool ” serum was a 111ixture in equal parts of
the sera of three other individuals. '

The mean temperature of the Hut was apprommately 40 .-
The pipette conta,lnlng leucocytes, serun, and bacteua was incubated for fifteen
minutes at 37° C. . . . -
Opsonic index to Stapkylococcus pyogenes. albus—A L.M:
Phagocytlc index in pool serum’'= :98. :

Phagocytic index in “own” serum (vitiated by the’ ptesence of . small forelgn
_bodies in the mlxmg plpette)

k3

22-5-12. Opsomc index to Staphylococcus P chenee albus—A L. M
Phagocytic index in ““ pool ” serum = 5-0.
(Thnty six neutmphﬂes counted )
Phagocytic index in “‘ own ” serum = 17- 91
" (Forty neutrophiles counted. )
' Opsomc index = 3:58:.

Note.—A bacterial emu]smn shghtly less dllute than the one used on.
20-4-12, was employed.

24512, Opsomc index to Staphylococcus P Jogcncs albus—J G. H

Phagocytic index in “ pool ” serum = 4-24.
Fifty- -three neutrophiles counted.)
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. " Phagocytic index in “own ” gerum = 9-36.
i (Thirty-three neutrophiles counted.)
§ 'Opsonic index ="2-25. ~ ‘
Opsonic index to, Staphylococeus pyogenes albus—J.G. H.
Phagocytic index in  own ” serum = 89 ;
Phagocyt ¢ index in “ pool * serum = 14-48-
Opsomc index = -614. S
Nore.—In this estimation, the mixed fluids (serum, bacteria, and

leucocytes) were incubated in a pipette, wiich contained a small air bubble
in the m'ddle of the ﬂuld a,ccountmg probably for the hlgh phagocytic. index.

2—0 12. Estlmatlons were made of the opsonic index to tubercle bacillusi: The
* bacterial emulsion was made up from the dried germs, They were glound between
two flat discs of glass for four or five hours, filtered, and then diluted WJth 1 5 per cent.
Na C1 to produce a slight opalescent solution. ‘ : )

Opsonic index to tubercle baclllus.—.A.L.M_. . ' ‘ '_

' Phagdeytic index in “ pool ”” serum = .66, . - .
" Phagocytlc index'in “ own ’ > gerum = 1-5. - '
‘ Opsonic index = 22,

4-5-12. Opsomc index to tubercle bacilhls~"~A.L.M.
Phagocytic index in “ pool ”” serum = 1-09.
Phagocytic indek in ¥ own” serum = 1-7..

Opsomc index = 1- -55. |

6-5- 12 Opsonic index to tubercle bacillus—J.G. H
' Pha.gocytlc 111de‘c in “ own " serum = 1-46,

Phagocytic index in “ pool 7 serum = -84.
. ~ Opsonic index = 1-73.

- 13-5-12. Opsonic index to tubercle bacillus—J.G.H.
Phagocytic index in “ own ”* serum = 1-607. o -
(Fourteen neutrophiles counted.) '
Phagoeytic index in “ pool *” serum = .82,
(Sixty neutrophiles counted.)- '
Opsonic index = 1-95.

15-5-12,  Opsonic index to tubercle bacillgé—;B.E.S.N.
Phagocytic index in ““ own ” serum = -85,
" (Forty-one neutrophiles counted.) - -
L Phagocytic index in ““ pool ” serum = -413."
{Forty-six neutrophiles counted.) = ‘
Opsonic index = 2:05, . . o
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29-5-12. Opsonlc index to tubem]e b-“mllus—-B E.S.N.
Phagocytlc index in ““ own ”* setum = -888.
. (Nine neutrophiles counted.)
Phagocytic index in “ pool ”” seram = 409,
(Twenty-two neutrophiles counted.)
"Opsonic index = 2-17,

8-6-12.. Opsonic index to tuberele bacillus—A.L.M."
Phagocytic index in ““ own ” serum = +562.

(Sixteen neutrophiles counted.)
(Unfinished.)
Phagocytic tests were carried out in four cases, usmg a bacterial emulsion of
Jllbt pelcepmble opalescence and more dilute than in previous estimations.

28-8-12. Phagocytlc lndex to Staphylococcus pyogenes albuis—A.L.M.
Phagocytic index in “ own ” serum = 1-3.
J?Jlﬂu("OCYtlb index to Staph Jlococcus pyogenes albus—J.G.H.

Phagocytic ) mdex in “ own ” serum = 1-13.
(Twcnty -three neutrophiles counted.)

28-8-12. Phagocytle 1ndex to Staph Jlococaus pyogenes albus—A.L.M.
P]mgocytlc index in““ own'”’ serum = 1-18. -

30-8-12. P}ngocytlc 1ndex to Stap]zylococcus pyogenes albus—J G.H.
Phagocytlo mdex 111 “own” gerum = 82, - :
Notk —Thls estimation wab vitiated by the 1ucuba,tor bemg a.t 38° C,
for the fifteen minutes during w]uch the pipette was inside it:

II.

With a view to observing whether there was any diminution or disappearande
of bacteria grown under-ordinary conditions in cultures from the mouth, throat, nose
and skin of members of the Expedition, examinations of swabbings were made over a
period of nine months; from the.time of leaving Tasmania (December, 1911), unt
the latter end: of the first Anta.lctlc ‘winter (August, 1912). The following are the-

-

results :—
‘Hobart 27-11- 11

‘ A.L:M.  Throat ... Staphylococcus pyogenes aureus.

Streptococel.
Mouth .. gzapllylococcl (white in culture).
- ' reptococel
Staphylococeus pyogenes atreus,
Nose ... Staphylococet (white in cultule). '
* | Diptheroid bacilli (K.L.B.).
W.H.H. ... Throat ... ‘\Sta.phylococci (white in' culture)..
Mouth ... ... Staphylococci (white in culture).

Nose .... . ... Staphylococei (white in culture).
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JGH.

JFH.

A.LM.

WH.H.

JGH

A.LM.

WHH. ...

JGH. ..

AUSTRALASIAN ANTARCTIC EXPEDITION.

Nose

. Throat ...
- Mouth ...

Nose '

. Throat ...
. Mouthl

Nose

... Throat ...
. Mouth ...

Nose -

Th'roa,t-
Mouth ...

Nose . ...

Throat ...

Nose

Mouth

. Throat ...

Axilla

Nose .

Throat .

Ear"
Nose

Axilla

.. Nose

Throat ...

Hobart. 27-11-11—continued.
.. Throat ...
~ Mouth ...

“Btreptococei.
Bacillus hoffmanni.
Staphylococci (white in culture).
( Staphylococel (white in culture):
Bacillus hofimanni. - '
Streptococci.

Staphylococei (W]ute in culture).
Staphylococei (white in cultme)
No growth.

r Staphylococei (white in culture).
Staphylococci (white.in cultme).
Streptococei. B

Adelie Land.- 20—2-12._'

[‘Streptococel. - '
Staphylococel (white in culture). .. =
Diptheroid bacilli (K.L.B.)
Staphylococei (white).

( Staphylococcus pyogenes aureus.
Staphylococcei (white in"culture).
Bacillus hoffmanni. :

( Staphylococm (white in cultme).
Streptococci. .

. Bagcillus hoffmanni,
Bacillus subtilis.
Staphylococeus pyogenes. aureus. ’
Staphylococcl (white in cultme).

[ Staphylococei (white in cultme).
Streptococei.
... Staphylococei (white in culture).
{Sta.phylococcus pyogenes aureus.

Staphylococel (white in culture)..

Sta.phylococcl (white in cultur e).
Streptococei.

Staphylococci (white in culture).
Staphylococcl (white in culture).

‘Adelie Land. 25-3-12—

Staphylogocei (white in culture).
Streptococei.

Staphylococci (white in culture)..
Bacillus hoffmanni.

f Staphylococei’ (white in cultule).
_Streptococei.
Staphylococci (w]ute i culture).
- Staphylococm (white in culture).

... Staphylococei (white in-culture)., . -

Staphylococel. (white.in culture).
Staphylococci. (white. in culture).
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, Adelie Land. 25-3-12—contniued. - o I
i [ Staphylococei (white in culture). - ‘
JEH. ... Throat ..., IStreptococcl . .
Nose . ... Staphylococel (w]_ute in culture). -

Rar «ee . «. No growth.

‘ Aaehe Land. 26-4-12.

: : A i | ; Staphylococci (whrte in cultme).
ALM. ... Throat ... .- Stroptococei.
Nose. ..:- * Staphylococei (white in culture). "

R S Staphylococei (white in cultule)".
"J.G.H. ... Throat....  ...< Streptococei. .. .. .. ... ’
: Bacillus hoffmanni. T

[

Staphylococel (white in cultme).

A Nose B " Bacillus hoffmanni. :
JEH. ... Throat-... ... Staphylococei (whlte n cultule).
| | - Adelie Tand. ' 26-5-12.

AT, Throat ... gtaphylococcl (whlte in cultule).

' i _ o | dtreptococcl. |
g " Nose ... ... Staphylococci (white in culture).
JGH. ... Throat ... | Staphylococei (white in culture).

. R Bacillug hoffmanni. .
-+ Nose "... ... Staphylococci (white in culture).

: . ' ' Staphylococci (white 1n cultule). _
JFH. ... Throat ... Bacillus hoffimanni. :
- Nose ... ... BStaphylococci (white in ‘culture).
- ‘ Adelie Land. “30-6-12. - . .
ALM. ... Throat ... ... Stapliylococei (white in culture).

Streptococei. : we
.
. : Nose . ... Bacillus hoffmanni. ' R
JGH. .. Throat ... Staphylococcl (white i culture). |
o ‘Bacillus hoffmanni.
Nose ... ... Staphylococei (white in culture).

Skin (face) Staphylocoocl (white in oultule) ;

| ‘ o Adehe Land. 31-7-12. .
ALM. ... Threat ... Staphylococel (white in cultule). -

Nose ... ... . Staphylococei (whité in culture). -
TG, Throat. .. giaphylococm (white.in culture).
reptococcl
-~ Nose (7) ... Staphylococel (whlte in cultu.le)."

Adelie Land.. 31-8—12

ALM. ... Throat ... ... Staphylococei (white in culture).
: ' Staphylococci (white in culture).
S Bacilius hoffmanni.
J.GH, .. Throat ... ... Staphylococei (white in culture). -
0 Nose - Staphylococei (white in culture) ;
.o Bacillus hofimanni, -

Nose

*20218—? Vou, VII, Parr-3,
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"The following table shows the 111(,1dence of the different species of bactena in

~ “swabbings (thloat and nose) from.A.L.M: and:J. G H ovel the period of nine'months :—

Organism; » ' - ]hétl)‘]r ]B;)e}lé March.”| April.*|. May. ’ June. July. ’ Aug.
Staph. aureus. R 1. TR I
Staph. (\\hlte n culturu) 1 2 1 -2 2 1 2 2
ALM. 4 Streptocogel ... 1 . 1 1 1 1 1
1 , ST
Baulll 1 2 1.- . e
Sta.ph aureus.. . 1. TR I
‘ Staph. (white in culture) 1 2 -2 A 2 2 2
J.G.H. § Streptococei ... 2 - 1 . 1 1
{ Bacllli... 2 2 | N e

1t may be noted from the table that, there was a certain tendency of the bacteria
to fall.off, though no generalisation could be made from ‘such meagre results. It was
unp()SSIble through lack of culture media to take swabbmgs from more subjects, but it

became evident at least, after March, 1912, that Staphylococcus pyogenes aureus did not .

appear on any cultures. Addltlona.l swabbings from other members were occasionally
taken to secure the organism, as it was. intended to usétit for OpsonIc observations.

The dust of the Hut, with its. elghteen inhabitants, swarmed with ;Smpl: ylococcus

pyogenes albus, othel ‘white staphylucocm,uba.cﬂh of various kinds; "and many varietics.
of moulds; but on agar plates exposed monthly over a penod of six months (March to
September, 19]2) Staphylococcus ‘pyogenes’ aureus never appea.led mnoug the colomes

Appd,lently it‘is not so 1eSIStant to cold, bemg thermophilic i habits - - -

S Riis

13-4-12. A culﬁ;re was made from a small 'boil on: the arm of F. L.S., which,

after forty-eight hours at 37° C., showed white, cnculm colomes fusmg m a continous
growth Staphylococeus pyogenes albus.

14-4-12. - An agar plate, which was exposed  for twelve hours near the roof of
the Hut at mght grew moulds of various colours (Penaczlhum Euwrotivm, Mucor, &e.),
many colonies of Smplaylococcus pyogenes albus, Bacillus subtils, and other bacilli.
Throughout the winter, for a period of six months, monthly exposures of agar. plates
were made in the Hut at night, and, according to counts made of the colonies, the.
number of orgamsms was markedly on the i increase. (Plaﬁé'l’ )

No aerial exposmes of culture medu were made’ outside the Hut or on the
glacier, since the air was seldom stlll for more tlmn a few hdurs at & time 111 ‘the winter,
and the whole of.the shoit summer was spent in sledging.

6-6-12. F.L.3. developed a. deep-seated whitlow, which was opened under an
anaesthetic. Cultures were made from the pus -and Staph Jlococcus pyoyetes albus,
Stapk ylococcus pyogenes aureus and Streptococcus pYo genes were grown, -

. 3-7-12. Cultures were made hom a. tooth abscess and the followmg bacteria -

were 1solated ——Stuphylococcus pyogenes’ albus, Strcptt;coccus p yogenes, dbphﬂle’)c)ld
orgamsms and Bacillus huﬁ"mm‘mz '

S
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- DIETETICS.

Tt ‘subject of dietetics is one that must be taken seriously on a polar expedition.
Tt is necessary to have food in variety as well as in great quantity. ~ At the present
~time, provisions which have been preserved by tinning or drying may be carried to the
South and kept indefinitely in a frozen condition. -The preliminary essential of which
to he certain is that there iy no bacterial or other contamination. In these d’xys of
scientific- method, the, preservation of food has become a fine art, and sculvy should
never be due to technical faults in its preparation. o '

.

! Scurvy is a disease which occmred in the past as a 1esult; of a long-continued
" régime on the same ration, or because of chemical deterioration in the, ration, or on
account of a combination of the two causes. However, the most modern view inclines
‘to the belief that if there is a deprivation of certain constituents of diet—notably the
so-called vitamines—scorbutic” symptoms will tend to arise if these -vitamines are
denied for a certain period, esﬁecia.lly if the body is. at the same time being subjected
to the intense fatigue of laborious work. On' the extensive sledging journeys ‘which
have been prosecuted by polar expeditions, these conditions' are often present, ‘and
even recently scurvy has been reported. It is too much: to expect of human- endurance
that & man should live for three months or longer on the more or less artificial sledglng
ration, doing severe and continuous muscular work thr‘oughout extremes of low
temperature, without incurring some constitutional risk. , o :

Quoting our own experience with the Australasian Antarctic Expedition, there
were certaln physiological lessons which we learnt. during sledging journeys. One of
the most important was the inadequacy-—under certain circfumstandes—of the 34 ounces

- which constituted the daily ration. Inadequate they were to satisfy hunger completely,’
or to repalr the- tissue waste, if the work were abnormally severe. If all were going
well, the tempemtmes were high, and the wotk was moderate, sledging life seemed
-rather pleasant, and one had, at the end of the day, that comfmtablc sense of repletion
which comes to. the labourer in a civilised country. Individuals and appetites vary
a good deal, but he was a difficult person to sa.t‘,l.sfy who did not settle down to the routine,
and who did not, from daily habit, regard the amount and quality of the food as all- .
sufficient for his needs.” And'in this regular discipline we have the key to many of the
great feats of endurance which have been accomplished by explorers. Butin this same
discipline, we have the explanation of the hiddén danger which may not be apparent
in the sunny weeks of the outward journey, but which may become a real menace when
superhuman effort is vequired, and the point is long past when repalr and waste are
fully met by the food absorbed. - '
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The evidence of dlsc1p]|ne in a reinforcement of the will is. sometimes not
apparent, until one has regained winter quarters and has been confronted with
provisions in plenty and in variety. Then the pent-up appetite, satisfied hitherto on
dietetic principles, is, so to speak, released to indulge spaciously. . That is to say, the
usage of a lifetime will assert itself, despite those relative percentages of protein, fat and
carbohydrate fully supplied by the sledging ration. L

The discipline of sledging is made tolerable by many factors of environment as
‘well as.by the exhibition of character. - There are the novelties:of every day, the’ ghmpses
of new land, the compassing of latitude and longitude, the full-blooded hcalthfu]ness
the’ resilient optimism, the unwavering cormadeshlp, the individual - idealism, hich
Tielp to make light the grinding routine, so that the satisfaction of an unwonted and
'abnonnal hunger is always-subservient to the cause of scientific- exploration. Still we
- may never forget that it is an animal we are feeding, and that though he be inured to
| pnvatlon he will, inevitably, follow his natural bens. -

In Adehe Land, during the springtime’ Sledgmg, the three pmt]es who went out
on the platewu while the tempemtmes were low and the wind was very high, consumed
the full ratiori and many “ extras,” w1thout any physical inconvenience. Dmmg the
Summer, the Eastern Coastal Pfuty, encountermg fan]y hlgh temperatures on sea ice,
experienced slight indigestion on account of the fatty “hoosh.” They perspired a good
deal and, in consequence, drank as much Jiquid as possible to assuage theirv thivst.
Later, when colder coh@itians set in and the work was still arduous, the ration did not
rise to the fullest requirements. On returning to the Hut, fruit and fresh penguin eggs
seemed to them the mojt desirable articles of food. The Southern Party worked back
towards the south magnetic pole, at a height of 6,000 feet. At first, in the super-
abundance of ““ good condition,” they were unable to eat the full 1at10n, but, after a
few weeks of heavy work, they found, in increasing measure, that it did not meet their
demands. They returned with avidity, at the Hut, to a diet of fresh penguin meat,
_penguin eggs and frmt Dr. Mawson, during his eventful and tragic journey, lived for
mearly two months . on dogs meat and a very scanty ration. He suffered from
‘starvation primarily, though he relates that he had cutaneous emptlons accompanied
by marked desquamation of thé skin and loss of hair. For some time, after muvmg
at the Hut, lus digestton was nnpaned and he 11ad a paltmhty f01 fmlmceous foods
fl it and eggs '

. [
i

: Of course, in po]ar sledglng, the e'(plorel is faced \Vlth the dn”ﬁcu]ty of bemg
~.unable to replenish his food, and by a system of depot-laying is enabled to cover long
distances. The provisions he uses must be of the:best quality, and, for economic
reasons, in a dry condition. The problem of travelling in- Antarctica was first
‘satisfactorily solved by Captain Scott, who drew on: the experience‘ of previous Arctic
explorers, notably Nansen. -Captain Scott has been the pioneer- of the South-in the
elaboration of details of equipment, and-in the finest-possible adjustment of -diet to .
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energy expended It 18 experlence always that teaches: The evolution of the po]ar .
sledgmg ration has-been marked- by .the scientific - eﬁort to supply in their due pro-.
portion those - articles which are necessary for the bodlly maintenance of the hard
- working sledger. The adaptation has ‘been, in part, artificial, since no manufactured
food can take the place of fresh, cooked meat; vegetables and fruit:of the garden, the
accustomed loaf of bread, and the eggs' and milk of the farm.: It is when the man 18
worn down to a threadbare resistance, and yét will adventure in‘ the face of great odds, -
that; the madequacy of the sledgmg Tation 13 most; obvious and the danger of scurvy 1s
most, nnmment There are limits'to the capa.clty of the human machine. -

_ Actua]ly thc sledgmg 1a.t10n has been narrowed down to almost two pounds a
: cim? McLintock in 1850 allowed 42 ounces, Nares in 187:3, 40 -ounces, :md the Duke of -
Abruzzi in 1900, 43-5 ounces per: day. Since the days of these explorers, \V&tel has
.been eliminated more and more from the- mtlon, and the relative amounts of protein,

fat.and carbohydrate have been 1ead]usted Scott in 1903 used a minimum of 34-7
ounces, S]mc]\leton in 1908, 34-82 ounces, and our own Expedition in 1911 34-25 ounces
a day; : ‘

" To come down to detalls, in Adelie La.nd the sledglng ration apportioned to one
- man for a day was composed as follows-:-—Plasmon biscuit, 12 ounces; pemmican, 8
- ounces; butter, 2 ounces; plasmon 'chocolate, 2 ounces; dried milk,. 5 ounces; sugar,
4 Ounces cocoa, 1 ounce; tea; -25 ounces. On the assumptlon that one gramme of
: plotem or ca’tbohyd]ate yields 41 ca]orles and the same amount of fat procuces
9-3 calories, the fuel value of thls dry . ratlon has -been computed at’ approximately
.136 calories (plasmon biscuit, 1 ,428 calones ‘pemmican, 1,516 calories; butter, 418
a]orles ‘plasmon - chacolate, 326 calolles dned milk (Glaxo), 804 calones sngar,
464 cwlones cocoa, 176 calories; and tea, 4 calories). This is a high figure, ranking
with the potential energy of the food consumed by a bla.cksnuth or a navvy. Hutchison
' suppllcs a scale which is interesting for pu]poses of compm ison :—

Rest (¢.g., clerk at a desk)... ~ e e 2 500 calories: ..
Professional work (e.g., a dootor) L Coe e, 631 s
Moderate muscular work {e.g., a house pa.mtel) ..o3,1210 ‘

‘ Severe muscular work (e.g., a shoemaker) e .0 3,659

‘ _ Hard ]abour (e. g 5 a b]a.oksnnth Or navvy) TR A 213 b

c A large proportion of fat 1s supphed in the pemnucan (mixed with 50 per cent.
_ of pure lard), the butter, the plasmon chocolate and the dried milk. Fat is a necessity’
m an’ Antarctic dletary The prodigious amount of blubber consumed by’ Esquimaux’

races is-evidence at once of its particular value in a cold climate.” Our own experience
showed how appetite was stimulated by dishes contalnlng a' large quantity of -fat.
““ Hoosh ”—a hot porndge like' mixture ‘of pemmican,- lard, and biscuit—was the
substantla.l food n]ght and morning, *‘ on the trail,” and the solid butter was a dehcacy'
which was eaten by evety sledger for its own sake. I o
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The importance of heat, as well as a heat-producing food, is appreciated after
a day’s work. The tent is pitched, the footwear (finnesko) are changed, and the meal,
is cooked and served hot. After the exertion of flau]illg the sledge for many hours, the
circulation of the blood decreases in force, and is often insufficient to warm the feet and
hands, especially if the temperature of the air is unusually low. It is then that the
first few sips of hot liquid stimulate the heart, and produce after a short time an
Antense glow all over and through the body. When the meal is finished, the sledger
% turns in” to his fur sleeping-bag, thereby conserving precious heat which might be.
otherwise quickly lost by radiation. If the. weather is, warm, and the sledger is well-fed-
and in good condition, he will sleep, warm, throughout. the night. . If his supelﬁc'ia,l fat
has been lost by overwork, and the atmospheric temperatme 1s sufﬁclently low, he will
wake up, after some hours, with cold feet. The amount of ingested food, the dem ce of

muscular work, and the bodily reaction to cnv1ronment are often nicely balaneed m
theu 1e]at10n to one a.nothel '

Of the carbohydrates, sugar in particular.is a fuel easily and .quick_ly assimilated’
by the working muscles. Chocolate was universally popular amongst the parties who
explored Adelie Land and King George V Land during the summer, 1912 to 1913.
Cheese, of higher. calorific value, might have taken its place, if the general preference
had not been for sugar. Morning and evening meals consisted of.*“ hoosh ”” and cocoa,,
while the midday lunch was made off biscuit, chocolate, butter and tea (containing.
dried milk). The morning’s work might have been strenuous,. but the sweetened tea
and the chocolate reduced perceptibly the limb-weariness. It was the custom of some:
of the men to keep a small reserve of" chocolatc for the late .afternoon, to nibble in the

spells .between fatiguing periods of contlnuous pulling. T]le consequent relief was,
a.lways notlcca.ble '

The protem piéce de résistance - of the’ sledgmg dleta1y was: the pemmican or
powdered dried beef; mnext, in order of lmportance being the gluten and’ plasmon
(casein) content of the biscuits, and the casein of the dried milk and chocolate. Protein

- - has been described as “ quick fuel,”” and there is no doubt that if personal.inclination is
5 q P 1 , r

of any physiclogical account, the sledger feels that his breakfast and dinner are his chief
sustenance and mainstay. At the Hut, during the long winter, penguin and seal meat
were eaten in rotation three, and often four, times a week. Frozen mutton was a
‘4 treat 7’ for-Sunday, and on the other days stews and curries of tinned meat were the
rule. Tinned fish was ordinarily consumed at lunch, while the breakfast of fruit,
-porridge, bread or scones, was a “‘ light beginning.”” . There is no doubt that penguin
and seal meat were relished more and more as the skill of the amateur cooks. increased.
In fact, the penguin steak fully took the place of the beefsteak of civilization. - The, _
. Eastern Coastal Party, at one stage in their journey, encountered a rookery of penguins,,
which made a very welcome innovation for some weeks in the monotonous, but always-
npprecidtgd, ration. Seal blubber, even in Antarctica, is always nauseous at first, and,
it is only as a matter of necessity that one will, with the “ sauce ™ of a wolfish, appetite,,
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acquire a liking for it~ The first distaste for seal meat is mainly due to the small
lobules of fit, which shou]d “before cookmg, be separated from the muscle as far as
possible.

Hutchison quotes a sta.nda.rd of the different nutritive constltuents which are
~ required each day by a man, of average build and weight, domg a moderate amount of
- muscular work: Of protein there are 120 grammes; fat 50 grammes, and calbohydla.te
500 grammes; a total of 670 grammes—m terms of energy, 3;007 calories.

For pulposes of compa.rlson we may set out the rela,tlve amounts of proteln fat
.and carbohydla.te in the da.lly sledgmg ratlon 310 gra,mmes 237 grammes and 403 -
yrammes, having as heat. value 5, 136- caloues approxmlately In this calculation, 11
grammes of water, contained in 56-6 gra,mmes (2.ounces) of butter, are neglected, the
rest of the ration being regarded as dry. It is obvious that, when due regard is pald “to
the much larger amount of food consumed (950 grammes), the relativé quantities of
protein, fat and carbohydrate, according to the normal propormons stated above,
should be 170, 70, and 710 grammes. That is to say, in Antarctica, the tendency Is to
reduce the calbohydrate and to increase both fat and protein ; the formel in grea.ter _
measure than the latter. o . N , S,

© The question has been debated as to’ the use .of aleohol on polar expeditions.
‘Whlsky, port wine and claret were used very sparingly by the party at Commonwealth
Bay; in fact it was only on occasions for celebration that alcohol was drunk, and then -
" the small stock of luxuries, including }ugged hare, asparagus,- sweetmeats, cakes and
fancy blscults, were also drawn upon. There is no doubt that these special, dinners,
- which oceurred ‘monthly,” ha.d on the whole, a vely beneficial effect. The’ psychig
factor is to be reckoned with during a long polar winter, so that anythlng_m moderation,
‘which assists. to “ raise the tide of life,” .such. ‘as a jovial, social gathering—and its .
a.ccompamments—must always be a great good. The Southern Sledging Party, during
their return journey from the v1cm11y of the south magnetic pole, failed to find a depbt
67 miles from the winter quarters. They (three men) were faced with the necessity of
travelling this distance; their remaining food being a few neghg1ble seraps of biscuit and
hocolate. F01tunately, they had, as well, a small store of abselute alcohol, which was.
ordinarily used for lighting the primus stove. Without doubt, the stimulation of small
quanmtles of: the a.lcohol taken from time to tlme, helped the'n n safety to the Hut
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CHAPTER XIT. o ST
PSYCHOLOGY S i.;... .

N

A porar expedition: is a.lw&ys mvested wmh - certam glamom in the. mmds of those
who merely witness its departure enthuse over 1ts explmts, and we]come 1t ba.ck to

civil zation. The ends of the earth are plunged in a mystery w]uch is 1cg‘uded by :

ordinary folk 'with an indefinable and irvational ‘wonder. Even' the mariner of the
~ cold southern seas, who careers through the peu]s of wind and ice in the steel sailing

ship of to-day, fails to pass by a mental process of simple extension to the frozen plain’

of solid water, and to the scanty beacons of dark land in the wilderness of white. His
'smlphmty of outlook, his rigid acceptance of starle actuality, and his deepening lllythCISZm.
are the impediments to a sane understanding. Even the experienced traveller who has
rounded the Horn and viewed Tceland and Spitzbergen, ‘breathing more than the
‘atmosphere of the ice-world, will-do homage to one who has seen the inmiplacable pola,l
. night and the phenomenal glories of the weird Aurora. - Curiously enough, it is often
the man of the world, in a local sphere, who has read widely and passed shrewdly in
review a multitude of characters, who will appraise the explover at his true worth.. Or
again the thinker—a scientist and a recluse, maybe—who has lived through the imagery

» of books in the very fastnesses of the waste places, will be most. compctent to judge .

the rationale of polar-expeditions.

\

The hlst()Iy of Arctic explom.tlon goes back for many centuries to the ancient

Thule of Pytheas of Massalia. The Antarctic regions, slumbering for generations as '

the Terra Australia of Finné, have onily been approached since the days of Cook. Few,
comparatively, have been the men who have gone north and south, great have been
the privations and profound has been the tragedy Of the lost, glorious has been the

ach1evemen1; and far-reaching have been the discoveries, ' So the world of humamfy,

‘ wwpped in its own concerns, has merely witnessed a succession of sidelights, 1llunundtulg
aspects of the whole. Therefore they will welcome the explorer as a kind of curio, a.
being who ‘will unravel unseen thmgs, who will hold them like the Ancient Mariner in

the tense grip of adventurous narrative, and transport them- irresistibly to the sphele'

of the unseen. Ignorance—we may say blank {g1101311ce—1s'the foundation’ of this
popular wonder, . - S o L

It is scarcely 'just to expect the busy man of the city, the naive tustic of the
country, to be otherwise than natural in the face of the unknown. He is curious, he
is anxious to widen his knowledge, he has, urless’ dormant and circumscribed, an innate
love of the vaster limits of his globe; one with the idealism Whlch tints his conceptlon
of stars in an infinite universe.  And it is this ideal element; greater or less in measure,
which determines the unconventional life "of an explorer, and whlch often leads his

“admirer to bhnd he10 \VOlshlp '

)

.'\-‘. )

L
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There are inthe mind of every dlSCOVE] er sailing for unseen lands, various motives
1mpc]]mg his action. There is the sclentific passion for the irradiation of truth—a
" longing'to go to the roct of the matter and to know ultimate causes. The love of'a

life of action, where will and muscle ‘are strained to the utmost, where the conventions
*and guises of artificialised. surroundings are thrown aside for the crude, chill embrace
of stark redlit’es, was immmneﬁt in Columbus just as in Captain Scott of these modern
days. The fervour to share an adventure with another her oic soul, to be locked in a

“grand enterprise with men of like aspiration; the emulation, the good fe]lowshlp, the |

"abmmg of self In true lineaments of character, the corporate sense of a worthy achieve-
ment carried thy ough vicissitudes to that small- pinnacle of human success; all these
"make the romance of exploration.  There are some who burn the still flame of pure
science, and who think in terms of a geoglaphlcal quest, a geologlcal triumph, a bio-
logical paradise; but they usually end in finding their own selves. ~ There are youths
“afire with the devilry of daring who would win their spurs in a headlorig rush, ahd these
have steadied to veterans, young and controlled, with respect for ability and a_new
“vision of the infinite bounds of knowledge.  But all, novices and men of experience,
 gailors, soldiers and students, specialists in trade and plofee.smn wanderers and learned
" recluses—all in their panoply—have s.lpped or drunk deep at the chalice of adventure,

i
o ‘ KNOWLEDGE )
The premonltlon of gleat thlngs to be dlaclosed Is 50 strong and insistent that

the whole of consciousness is keyed up to-live in a new * universe of discourse.”  To

3

know to feel and to will are to be tinctured, with novel colours of association, and the

ethical man is o encounter diverse personality among his comrades, and Nature in
many moods, lovely, austere and neutral. . He will be called to lespond to his environ-
ment, he will be rebuffed or tr cated with 1nd1ﬁelence ; he will end by relating his con-
" sequent m01 ality to the code of evelyday—the himan code obtaining among his fellow
men.

. We may never analyse the elements' of primal sensation as they are registered

In the consclousness of a child who opens his faculties to the early vibrations of the

-world..+ The. foundation of working, responsive mind is laid long before the intellect

soars.as.a free agent, turning upon itself a prying gaze of recognition, marking, class1-
fying, correlating and building up its science of psychology. .y

Still, there is in the first sudden.impression of the ice-world, striking with novel .

*force the adult consciousness of the explorer, something akin to what we may imagine
is' contained in that initial éxperience of the child. He is, maybe, a dweller in’cities,

"small. in geographical conception, unaccustoméd to the nostalgia of a wide sweep of »

Y'lfmdsca.pe or A sequeutemd glade in the forest. The sensation is, therefore, the more
- abrupt and intense, the ““ spread ” over and through con: ciousness the more enveloping

‘and intimate, and consequently the memory of its accession the more 1etent1ve and-

‘accurate.

200218—Q  Vor. VII, ParT 3.
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The first 1ceberg, loommg up ghostly and palhd overa grey, hc‘wmg sea in the
stillness of some chill, foggy zone where misty vapours hang motionless above the
..water, makes a deep imprint on an expectant mind. ~ Or the flash of an ‘alabaster
. mountain dripping in the green seas, pierced by 'shafts'of %unl'ight'—a/m"e caverns torn
.in 1ts snowy flanks, the turmoil of surf across the emerald ice- -foot, thc pinnacles and

battlements in a-sheen of light—all this Is ineradicable ! - ; -

Slghts and sounds’ crowd in thmugh the senses as wonder follows WO]]dGﬂ untll
' sense per ception tires and passes to its appelceptlve phase.

The world of the p&CI\-ICO has siicceeded the ber gs afloat in the blue sohtude of
_ the sea. " The still ocean is httered with white fragments, giant monohtlls, huge bu.stlons,
br oken columns, flattened acres and dishevelled ritbble of ice, st etching to a dlm soufhc] n
‘ houzon the azure of the sky’s cope pallid in a motionless blink. = o

The eye is smft to connote.  The ship’s massive bow gnnds mto the ﬁoes and
" - they, ghde past in growing detail—their sunken bulk slmdowy green bencath the water
-line, the billowy beds and clods of new-fallen snow, the .compact sheen of the pohshed
ssurface, and the green”splinters of sea- ice striking upwards in the pressure ridge !
Perception lingers on the unique—the veins of golden ycllow lining the uptumed bergs—
* the frozen life of the diatoms—the chinks’ ofrdal]&, vaporous blue chiselled in the marble
facades, the horizontal waving lines of annual snow, the red shrimps clustering in the
' crystal water, the long-drawn blow and foaming swish of the whales, the tor pld ease of
- the bulky seals, aiid the statuesque half-human pose-of the pengumq The’ ‘gelid air,
the pure sum, the radlant whiteness- and the mobile water, amid' the immensity of
sohtude flow in. gmdually to the consciousness, amld the streams of nove]tles, as. an

s

ommsclent Impression. - - -5 : : S -

. “Associations of perceptlon and 1dea have been quickened. " Antarttic life seéms
qu‘unt and bizarre in the biological scheme.” The white expanse is an infinite wildernéss,
cold pitiléss and incomprehensible. "The scenes of polar expeditions,’ visualiséd in
plctule and gmp]uc narrative, receive recognition, and challenge individual interpre-
“tation. : The icy walls sculptured, haphazard 1t -seems, in the perfection of nature,
- recall the design of some human monument of. civilization ;. the glancing shaft of an
1vory pmmcle conjures up.an Ouental minaret; the sublimity "of this maze of archi-
- tecture, far from the haunts of men, seems a pr odlga] waste, in’ the stricture of .a com-

mercial mind. B . _ _
‘The days and weeks pass. by, bringing t]leu wealth of undreamt ehpellences,
unfml one has reacted to environment, accepting thie Laleldoscope of shifting images as
.inevitable. Reason and imagination have been silently at work reconstructing the
_basis of ideas, extricatin g the false concept, dlscaldmg the pr econceived notion, rejecting
_false agsociations, propellng by an intellectual force the winnowing cuxrent of scientific
- khowledge and-criticism.  But still the synthesis of new-found facts is being made, and
;ever -and anon the mind is subjected to the shock of some salient feature, some fregh

objective. ) o L
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The evening ‘of a day approaches when the sun of midnight rides low over the
snowy ridge of the upspringing -plateau. . The torn. .and writhing glacier suffused with
palest lilac, surges. down and stfmds in the shéerness of might as a steel-blue wall, fronting
the sea that ghttels in‘the slanting sun. The sun has dipped into the cold contour,
and the warm colour ‘aiid -sparkle: die away. The plateau has grown more immense,:
more motionless and mystical.  Tmagination .reaches back to the earthly confine of,
that. vast upland plain of crystal-thickness overriding the polar height, and sheathing
the frozen cap of the hemisphere. And imagination, as it will when confronted: by
an ovelawmg spaciousness, soars to a supelna.tm al expl(matlon ‘and there is born
the essence of religious thought; one with the sense of nlolta,hty that. springs hom
contempla.tlon of a star beyond the human orbit. The existence of an 11100111pala.b]e
Divinity becomes a rational aid ummpeachable challenge S g e

FLELING

Accompanymg our complehenslon of that sudden and plctulesque debut mto
an inconceivable world of charm and changmg WOllde] there are the several thrills
of supemdded Senslmtlons the tmghng recognition. of apperception and the, warm
motions of fresh ideas.  But perhaps mere mstheticism grows chill, beside the ardour

“and dehght with W]nch one may share w1th anothel comlade these first mpt ghmpses
mto Vugm sohtudes L ' -

_ One stands bes.1de us on the _deck. He ha,silived the 1_.'ough, wild life with‘ s
surfeit of freedom: -He has trodden the snows of a thousand mi](;'s' over that uprising
- ridge, standing far back behind a waste of ice-fettered water. - He has told us of those
evanescent; sky-lines mountmg m endless undu]mtlons to the aeme of deso]atlon .he.
has related the inspiration of those’ dazzling heights, the endless trudge the ]anlng
Sthmn the sweating dlsolphne of that onward march ;. we have shuddered at the-calni
- tale of unblenchmg heroism, we have shared 1nstmct1ve]y in’ the uplift of some- mvmclble
dream of a’ man’s conquest; we- have lain down by the .evening fire of contentment
a,nd throbbed in the warmth of human effort realised; we have felt the hint of a.n' ‘
1ntang1ble thmg—the dumb sha,pmg to a glonous, Tmmanent Dlvmlty In the glowmg
sense of cam‘tmdene thele 15 the sohdest the most tanglble gnp on consuousness lllv
‘ fce]mg

Another scene. A picture of l}eajvenly' hues has awakened anew the sensations.
The sun of stormy winter sets in the vibrant gold washed along the horthern horizon.
The wind has soughed to the calm as of an immensé cathedral of snow and sea, within
a canopy of sky. Bergs in shapely mirage swim in the liquid rose of the far-away
ocean, glancing up the palest lilac to the dome above. The zenith is suffused as
im'penctmble wiolet, arching down to meet the icy pallor of the inscrutable platean.
The water 1 rigid in spleadmg, frozen plaques—a mirror of the changing shades of
sunset colour. It is a scene whlch spells in feeling—the breathless, inward' surge ab
the marvel of unassunnng loveliness, and “the exqmmte workmanship ‘of matchless
creation,

L)
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Pelhaps there is no elemenb in conscmusness—thmgh we nmy not ra.tlomlly:
smgle one out—which receives stronger curb or more decisive stlengthemng than that
of will.  From the first, ‘the explorer contends with difficulty; he is thrown on his

‘own originating resources.  He is deceived by the ease of his own.daring mind, he

finds he has failed from neglectmg sane imemght but, nevertheless he must win through
to the semblance of success

In the battllng da,ys when a home is won w1th1n the snowy maze of a land
blotted out by racking blizzards, each one is testing his juvenile strength. There is
the buoyansy of the beginning, the glamour of the far-away end. - We may laugh at -
small adversities, knowing that to endure many is to rise to the culmination of mental
foree which will succeed against the formidable power. .

The sledger makes off with his boon companions to seek out the waste places,
to test' his new-found strerigth against the stern, foodless, cold-gripping wilderness!
The sun shines on the prospering days, the sledge glides merrily, a hummock of black
land: looms up, and the geography of an unknown latitude has Leen widened.  But
v the trail leads unerrinigly to.danger.  And danger, once viewed frontwise with open
~ eyes, vanishes to the contingency of every day. The experience of smiall perils is the
education to a bland contemplation of horror.in its just actuality. * The habit of many ;
days has ceased to be mere adventure. It is when that habit is rudely broken by the
fell shock of calamity, that thé slumbering sea of volition boils up' to prove its strength.

There is the visionof a figure stumbling, companlonless dragging on through
the changeless days of threshing, seething snow-duift.  He has leamt -in’ times long
past the lessons of adveIslty, the grand solitude of self-reliance.  He is impelled to
stumble on, sm]ﬂng in the yielding beds of downy SOW—S0 white and pure, yet so
relentless in its mockery of human suffering! Hands and feet numb to the flapping
gusts of the sleeting blizzaid; yet the heart palpitates hot in the will-driven fr ame ‘of
‘the man who fights for the hie still sweet to self, who fights for a life in the service of
others. It is the figure of a Franklin, of an Oates, of the many names that are em-

blazoned on the roll of exploring fame.© When will has' thus risen to'a. supelhunmn
might, it bows to its own mortality
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EXL%LANAT[ON OF THE PLATES.
i

R PLATE 10

_"Fjg. 1. Gram- posmve spoung bamllus (3 Gp, X 6;;) magn 1, 000 found in morainic
: mud. » | -

~ , 2. Gram-positive. coceus (1-4u), magn. 1,000, found in morainic mud. .
. Gram-positive cocco-bacillus (1-6p x 1-14), magn. 1,000, found in morainic o mud.
,». 4 Gram-negative bacillus (2:5u x +4u), magn. 1,000, found in morainic mud.

“ .
, . Coty

Prate 11.

Fig. 5. Gram-positive, sporing, chained badillus (3 Sp.x “8u), ma.gn 1,000, found in
morainic mud. ' '
» 6. Gram-posttive coccus {1-3x), magn. l',OpO, found n mora.nuc mud.
_;, 7. Gram-positive coccus (+5u), magn. 1_.,00‘:0,' found in granite sand.
»» 8. Gram-positive cocous (-Tw), magn.. 1,000, found;in granite sand..

}

PLATE 12

Fi‘g.' 9.'.'Gra.m pOSItlve coccus (1 4,u) magn. 1 000 found i 1n dned a]gae
,» 10. Gram-positive bacillus (170 x -3u), ma.gn 1,000, found in dried alge.
,» 11. Gram-positive, sporing bacillus (2:8u .x +5p), magn. 1,000, found in.dried algee. .

» 12, Gram-positive, sporing, chamed bacﬂlus (354 % SH): magn. 1,000, found in
dned algse ) Lo “ : o ‘ -

oL o ,'.' PL’A'I'Ejls. | L | S . -
" Tig. 13. ‘Smear of rectum, Giant Petrel ) - -

»» 14, Gram- pos,ltlve spormg, chained bacillus (3:5m 8;1.), magn. 1,000, 48 hours’

culture, found in moralmc mud, . .

,, 15. Film of pus from: wotlad of Wuddell Seal
,, 16. Film of pus fromI wound of Weddell Seal w1th bacteua. and . degenemted

lcucocytes

PLATE 14. R B .

A Ross Seal with open suppurating woﬁnds,and'scarsf a

"o

! PLA']‘F‘ 15

Forty-eight hours’ culture of an agat plate, exposed f01 twelve hou]s in the Hut

R PraTE 16 G e T
The telmmal moraine at Cape Demson from which the speclmens of n'ra,rutlc sand,
morainic mud, and dued algze were procured, ‘

-

.

i \
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) ) PLATE 17.
The slopes of the land-ice sheet (cion_ti‘n‘ental glzmier) falling to the sea,

3

. | ‘ PJ ATE 18

The. Flut at Cape Denison, Adelie Land—the Mam Base of the Australasian
Antarctic Expedition.

’ _ Prare 19. S, ‘
"The névé smiacc 0[" the elevatcd hmterla,nd some, 2 OOO feet above sea-level and 50.
miles east of the Main Base Station.

Prare 20.
Vlcw to the north from the i ice slope‘; Jueb above the cavem quamed in the glamer
for maﬂ*netlc observatlons : ‘
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: '-Slaphﬂococcus pyogenes citreus . ‘1 NN (1)
-Stenorlunchu.s sterna - L. R 38, 39
. :Sheptococcu.s 711,'ogenes :, 107, 114
- AStae/;totlarw .. 95

, . 52,53
T 81,38, 30,42
: Vel 19,93
T 8
38, 39, 40, 41, 42, 43, 46, 95, 96, 108
e o 110
76
9
124
R
o 11,27
.63, 64, 66, 95

T
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