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e F RO NT COVER: Claucus at/(lnticm. a blue and siher-grey marine a nimal often wa hed ashore 
in t housands during the summer. Jt is a nudibranch. one of the ·•naked-gilled" sea-s lugs, related 
to the ea- na ils and other members of the phylu m Mollusca. Most nudibra nchs a re found crawling 
under tones and a mong eaweed, but GluuttH has adopted a pla nktonic mode of life , drifting a t the 
ocean surface together with such animals as the bluebottle and the " iolet-snail. 1t swim acti \'ely. 
and ha numerous finger-like projections. T hese a rc often thrown off when the anima l is disturhcd 
or dying. This pecimen was found on Cronulla Beach. :"'e'~ South Wales. [Photo: l-10 \\ ard 

Hughe .] 
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The Portuguese Man-of-war or 
Bluebottle 

13} ROl\'ALO \ . Ot:THCOTT 
Honorary Zoologist. South u tralian M usrum 

T HE urvival of primitive a nimab and 
plants in the modern world ha excited 

the curio ity of naturalist at lea l ince the 
time of Darwin. One large primitive group 
of animal i the coelenterate or cnidarians­
the jelly-fi . h, ea a nemones, corals and their 
a llie . Anyone who reflect on the su rvival 
and ucces or this group in the marine world 
- the great habitat of predators both in the 
pa::,t and the pre ent- may \\ell \\Onder how 
a group of fie by animals, frequently com­
pletely exposed to their em ironmcnt and 
u ua lly not very motile, can ha ve survived 
in such numbers and in so many different 
kind. 

Some coelentenHc-. are so numerou~ a · 
to force their pre ence quite painfully upon 
man when he a ttempts to become " 1/omo 
aquaticus", the man or the ma rine a nd o ther 
aqu:.ttic environment. This article deals 
wi th a colonial o rgani m mo tly known in 
the Engli. h tongue as the Ponugue e man­
of-war, but generally referred to along the 
ea tern Au tra lia n coa tline a the bluebott le. 

SE'ptember, 1967 

lls scientific name i PIJysa/ia phJ·salis ( L. ), 
and accord ing to the most recent tudie (b) 
Tollon) there i · only one , pecie of Physalia 
en er all the oceans. 

There is certainly no doubt or the ucce~ 
of thi floating creature. Thu a newspaper 
item of 9th Janua ry, 1967, records: 

Thousands or urfers at Sydnc) beaches \\CI'C 

treated yesterda) for stings by bluebottles. Large 
numbers of blucboulc:.- some ''ith · tingers more 
than si' feet long were reported for the th' rd 
suece si\e da) . . . Children seemed to b:.- Cr)ing 
and yelling all d<~y . . . At Man ly lifesa\er~ 
dosed the beach ... when they :.ightcct a ma ... ~ 
of bluebottles drifting towards th:! !>hare ... 

An accompanying photograph shO\\S a 
imilar occurrence at Bronte Beach, e\\ 

South Wales. where larl!e number- of 
Physa/ia were tranded along the shore. 

Yet despite the fact that thi . animal i:, 
wel l-known a nd occurs in vas t number at 
times- appearing in plague proportion every 
re,, years for a few days- there still remain 
large gaps in our knowledge of it · habits a nd 
life-hi tory. Thi makes attempts to predict 
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St r.tndcd Portuguc~c man-of-\\ ar I blueboulcs) wa hcd-ur on Bronte 13c:lch. e\\ . outh \\ale'>. 
111 rough v.c.llhcr The float'> of thc~c -.rectmcn~ were ahout 6 tnchc-. long. [Photo : Kcith 

Gillut.l 

its num ber-. a nd the hazard in,oh cd unreli ­
able, and dTon to prevent uch plague., a t 
pre:-.cnt im po-, ... ible. 

Ecolog~-thc bluebottle'~ place in na ture 

The air-\\a tc r interface of the open -,ea 
ha b.:en con-,idered b) -,ome author-, a an 
ecological niche. and i clear!} one '' ith 
'er) di .. tinct feature-,. A num ber of a nimal-, 
li\e there permanently. or pend much of 
their li'c" there. and thc ... e ma) ha\e :-.pecial 
adapto.tlion-,. mong the inhabitants or thi 
niche arc the bubble -,nail, the paper nautilu=>. 
'ariou-, cru~t acean-, and 'ariou · ..,iphono­
phore-,. but not all or the e a re perma nent 
inhabita nt -,. Phrsalia i-. one of the floatinl! 
siphonophorc .... ·a spcciali;ed group or eo'":. 
elentcratc ... '' hich includes also l 'elc•lla, the 
b)-the-\\ ind '>:li lor. and Porpira. a di,c-li"c 
colonial form the -,i;c nf a penn). The 
fl oating "ind-directed fauna has been named 
the " pleu:-ton·· b) the Russian ecologi t 
Sa' ilo'. I hi-, ecological ··niche" is certai n!\ 
a hazardou-, one. ~a., ih inhabitanh ar~ 
e\.po-.d not onl) 10 predation from abO\e 
and beiO\\. but abo lO the battering or the 
"a' e-. and the danger-, or tranding along 
-,hore . lt i ... thi-, ~tranding "hich ~ ma"e~ 

Pcu:c J3X 

Phrsalia ~uch a pe. 1 to ··Homo aquaticus·· 
frt1 rn it con iderable stinging abili11e . but 
ca nnot be of an) ..,un i;al"' alue to the 
Physa/ia i t-,cl r. 

Natura l enemic and as ociation. 
en fe,, animab u e coelenterate"> as a 

pri ncipal food '>OU rCe. pO ibl) becau. e of 
the1r unplea ant '>t ingi ng po\\er">. together 
\\ith their lo" food-\alue. Coelenterate 
abo appear to be rcmark.abl~ free from 
para ... itc:-.. Howc\ er. in a number or in..,tancc<., 
there i-, a di tinct fauna. mo~tl\ fi h. a ~ociatcd 
"ith a ..,pecic-, of jell) fish. Other coelenter­
ate-, abo hm e di..,tinct a · ociatcd orga ni m . 
probably among the be..,t-kno\\ n being omc 
or the larger -,ea anemone and the fish 
"hich li\ e among their tentacle-,. \\'h) 
-,omc fhh can d<) thi-,. "hile other-. arc 
in-,tantl) !-.illed h) the stinging apparatu '> 
or the tentacle.... remain~ !'>till liugel) un­
clarilicd . In .,ome Ctbc the -,ituati on i.., 
utilitcd h\ the coelenterate·.., a'l ... o<.:ia tc for 
-,heltcr. a•: far a-, can be determined. but in 
o ther c;hc the relationship is more comple\. 
The .1-,..,ociate of the coelenterate h u-,uall\ a 
fi-.h. hut m one recorded Au trallltn m-;tancc 
the large jell~ fhh p,eudorhi::a !wec/,.e/i had 
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" LEFT-HANDED" PHYSALIA DRIFTS 
TO RIGHT OF WIND DIRECTION 

" RIGHT-HANDED" PHYSALIA DRIFTS 
TO LEFT OF WIND DIRECTION 

Sa11ing Direction Projecting 
"Right Hand" 
of Physaha 

"Left Hand'' 
of Physalia 

A 

Wind Direction 

/ 

Sailing characteristics of .. left-handed'' and "right-handed .. speci mens of the Portuguese man-of­
war. [Diagram by the author. after Totton.] 

sheltering underneath it a number of small 
clear hydroid jellyfish, Eirene menoni. 

The classic case of jellyfish-fish symbiosis 
( living together) is that of Physalia with 
Nomeus grono1•ii, a small pelagic fish which 
swims among the tentacles of its siphonophore 
"host''. The question of the degree of, and 
possible mechanisms for , immunity is too 
long a ubject to be discussed here, but can 
be studied further in other publications. 
T he situation is, however, a complex one, 
as Nomeus does feed upon the tentacles 
o f Physalia, and in its turn Physa!ia can 
sting Nomeus fatally and digest it. 

Turtles appear to be among the more 
important rnatural enemies of coelenterates, 
as there are records of turtles eating Physa!ia, 
and also the lethal box-je lly or sea-wasp 
Chironex fleckeri. More observations on 
this predation by turtles in the I ndo-Pacific 
region are, however, required. 

Sailing habits and other movements 
For many years sailors have noted the 
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peculiar habit of Physalia of sailing at an 
a ngle to the wind, a nd in fact the name 
Portuguese man-of-war is believed to have 
been given because of the resemblance of 
the fl oat o r pneumatophore to the lateen 
sai l of the caravel, a fast and SLICcessful light 
sh ip introduced by the Portuguese in the 
reign of Henry the Navigator. 

Specimens of Physalia have this float, a 
medusoid form which has been inflated by 
a gas-gland, projecting to either the left 
(left-handed) o r the right (right-handed) when 
the animal i s under the influence of the wind, 
and in d ifferent a reas the s tra nded "navies" 
of the man-of-war carry different proportions 
of the right-handed and left-handed forms. 
(Another siphonopbore, Velella, also occurs 
in mirror-image forms with opposite sailing 
characteristics.) The left-handed Physalia 
sails to the righr of the wind direction, and 
vice-versa (see diagram). In the laboratory. 
or in beach-st randed specimens, the left- or 
right-handedness of a specimen can be 
recognized from the fact that the bulge of 

Page 339 



the pecimen. with it variou polyp-form 
and tentacle . drae to the rear. erving in 
fact a a drogue or ea-anchor. 

Another motion een in Phrsa/ia under 
aquarium or other ::.till conditions i~ that of 
rolling or somersaulting. T hi i pos ibly 
due to the animal being un table if there i 
no breeze. Some author do not accept the 
old ailor · e~planation that the animal i 
"tacking". Whate,er it explanation, it 
certainly ha the er~·ect of keeping the float 
wetted. 

Feeding habi ts 
The feeding habit~ of the Portuguese man­

of-,.,ar ha\c ~been tudied more particularly 
in the Atlantic. and there it has been found 
that it feed mainlv on thine. fi ·h. mackerel 
and other 'IUrface- winimi~g fi h "hich 
collide \\ith it. Immediately this occur the 
fhh succumb~ to the injection of poi on b~ 
the thou and:. of ncmatoc) sts, the tentacle 
contracts (thi~ i the main tentacle or ··fishing­
tentacle ... of" hich there i u uall) on I) one 
in the Pacific form of Physalia. but e\eral 
in the Atlantic form) and the fish i drawn 
up toward~ the fioat. The mouths of the 
hu ndred of feeding polyps then open upon 
the prey and dige tion begi ns. In the 
laboratory it ha been found that in the 
presence or glutathio ne, a simplified amino­
acid derivative, the mouth of t he feeding 
1 olyps open widely. 

Nature of the animal- a composite organism 
Each pccimen of Physa/ia i not a single 

animal in the ordinary sense: it is, in tead. 

Figure A show::. the normal po.ture of a Portu­
guese man-of-war. Note that, a the Ponugue e 
man-of-war i not under the act ion of wind, it 
sailing crest is not erected. Figure B show the 
roll-over or somersault in progress. [Drawn by 
the author from rhoto by D. J . Lee of a 

recimcn from ydne~ in an aquarium.] 

The bean- like "sllngang buttons .. along the Portuguese man-of-war's m:un fishmg tentacle, showmg 
the undischarged nematocy t . fPhotomtcrograph ( 40): Keith Gillett.] 
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The nematocysts of a Portuguese man-of-war, from a tentacle. The spheres which contain a 
coiled thread are undischarged nematocysts. The empty spheres have discharged their injector 
threads, which are the slightly wavy tubes across the photo. Note the two sizes of nematocyst. 

capsules (X475). [Photomicrograph: Keith G illctt.] 

a group of o rganisms which has developed 
from a single egg and i living a colonial 
existence. One member of the group i 
expanded by the gas-gla nd to a float, which 
then bears beneath it not only tentacles. but 
polyp specialized for feeding, the gastro­
zooids, other specialized for reproduction, 
the gonozooids, which are actually ad ult 
forms, as well as dactylozooids bearing the 
tentacles. etc. Despite a number of careful 
studies, there are a number of morphological 
features of the Portugue e man-of-war still 
remaioin!! to be elucidated. The tructure 
of an ad~lt Physa/ia is exceedingly complex, 
and in addition there are many features of 
its behaviour and physiology which need 
clarification. Although each specimen of 
Physalia is made up of a number of ad ult 
and larval forms, each specimen is either 
male or female. a nd the two sexes a re 
sepa rate. The shedding of eggs and sperm 
ha not a yet been ob erved, and o far 
pecimen below I mm in length have not 

been described. 

Stinging powers 

The stinging abilities of Physalia have 
been known for centuries, and an early 
accou nt of them is mentioned in Hakluyt' 
Voyages, for 1579. During the period of 
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European exploration of the oceans Physa/ia 
became well-known to ai lor , and in fact 
this was why deaths from the little-known 
box-jellies ( ea wasp ) in the tropical lndo­
West Pacific zone came to be attributed by 
many autho rs to Physalia. Despite its 
con iderable sti nging power, no human 
fatality has with certainty been attributed 
to stinging by Physalia. Earlier claims of 
deaths from Physa/ia of swimmers in ew 
South Wale have not been ubstantiated 
on critical examination. 

Among early studies on the sting of 
Physa/ia a re two by naturali t with 
Australian connections. Sir Joseph Ba nks 
made observations on the tinging powers 
of Physa/ia, being the first to observe the 
''millions of fine white threads" which 
pierced the skin, arising out of "little knobbs 
o r beads" which were in fact the tentacular 
nematocy t cap ules. Photographs with this 
article show the spherical cap ules and the 
threads they shoot out when in contact with 
uitable prey material. Bank also made 

observations on the ailing character or 
Physalia, and in addition recorded that a n 
albat ross he hot disgorged large a mounts 
of P!Jysalia it had consu med. Dr George 
Bennett, a centu ry later, also made ob erva­
tions on the stinging powers of Physalia. 
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Two di!>charged ncmatoC) 1:> 
of a Port ugue ·e man-o f_,, ar. 
fPhOiorntcrograph by dark 
field phase contra~t <XI 6 ' >: 

K et th Gilletl.] 

The nematocy ·ts in Physalia occur in 
different ite of the va ri.ou appendage . 
bur the one of intere t to wi m mer occur 
only on the main fishing tentacles, where 
they are grouped in bean-like packet trung 
con ecut ively a long. The nematocy t occur 
in L\ o different ize . but their action i 
fundamentally the ame. On appropriate 
stimulation the internally coiled thread 
turn inside-out like a sock, and. on full 
evagination. di charge their venom. Thi 
poi on i still under ·tudy b) various 
laboratorie , and appears to be a protein 
complex with added factor . but its full 
nature is not yet known. O ne of the major 
problem ha been to get enough purified 
venon1. free from contaminant , corre -
pending to the actual content of the cap ule. 
Po, sibly the diO'cring ize& and kind of 
nematocy ts in the:,e coelenterate- contain 
fundamentall y different type of toxin . as 
their diiTeri ng cfTect appear to indicate: 
thi is a 'ubject still bei ng explored. 

The best ltr:,t-aid treatment for the sting 
victim i alcohol (meth) tared pirit ) ru bbed 
on. This has the effect of pre\enting further 
ncmatOC)Sl discharge. I f the st ing is a 
se, ere one. hO\\C\er. medical attention · hould 
be sought. 

(' I~ATOR TO TUD Y I N L ONOO;\ 

M r David M cAipinc. A ... sistant Curator of Insects 
at the Au-.tralian Mw.eum. leaves this month for a 
period of '\tlld> at the Imperial Institute of Science 
and Technology, Uni,cr'>ity of London. and at the 
Brit ish Muc;cum ( ntural H istorj). While there 
he\\ ill make a .;rectal '>tud~ o f the flies of the famil) 
Plat) ' tomatidac, with recial reference to the 
Au trali<ln fauna . 
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FLATBACK T URTLE 

i\ I IS'\ Robyn Spah•itL. a'>sistant 1n the ustrnlian 
Mu~cum·-. 0-::partment of Reptiles. with an adult 
female Flatb:~cJ,. T un le (Chelonia dep!eS.\a) from the 

obourg Pcnino;ula, A r nhem Land. Thi turtle i' 
the only adult o f its species in the Museum·~ col­
lection. and pO!>Sibly in an) collection in the world. 
I t wa'l collected by Mr Da,id Lindner. the ranger 
in the C<lbourg Peninc;ula Fauna! Resene The 
Flatback Turtle i" known onl) from coa tal area'> 
in northern Au'lt ralia. and such a restricted dt~tri­
buuon make-, th1 large sca-gomg rcpule of spcctaf 
intet·e-.t to hcrpetologi'>LS. [Photo: C. . Turner.) 
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Large chools of fishe ar the edge of a steep cliff on the eaward coral reef lope at One Tree 
I land. [Photo : ictor Springcr.J 

Expedition to One Tree Island 
By FRANK H A MILTON T ALBOT 

Oirector. ustra lian Museum 

J BEETE J U KES. naturali t on Her 
• Maje t) ·s vessel Fly. who na med and 

landed on One Tree I land on the Great 
Barrier Reef in January. 1843, would ha'¥e 
been a~tounded if he could have repeated 
hi vi it a fe\\ months ago. When he ~tepped 
a~hore on the island (probably the fir t ma n 
ever to do so), he found its ole inhabitant · 
were ··multitudes of young tern~... He 
wrote: " In the ingle tree (which wa · in 
fact a mall clump of the common pa ndanus 
of tho e sea · . with its root exposed above 
ground) was a large rude mas of old ticks, 
the nest of some bird of prey. probably the 
o prey". 

O ne hundred and twenty-four year later 
the picture had changed, although the ne~ t 
wa . . till there. by this time very large. and 

Septemher. 1967 

·till occupied by a pair of osprey:,. Five 
tent were grouped together above the litt le 
sheltered ba. in the lagoon, one tent p ro­
\ iding a dining area and laboratory, whi le 
the other:. were for leeping. In the bay 
lay three aluminium work boats \\ ith out­
boa rd motor . A little way from the camp 
wu a mall compre or urrounded by pile 
of aqualung bottle : half hidden under a 
Messersdunid1ia bush was a mall labora tory 
with pipettes and reagent for measuri ng 
the oxygen and al inity of sea-water. Odd 
electronic gear, underwater cameras, perspex 
dome:-. for trappi ng oxygen bubbles produced 
from coral head , fl uorescent die for marking 
water ma se , a todd ler's paddli ng pool 
fill ed with fi hcs being marked before return 
to the water, and much other gear tood 
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. -< ----- Lagoon ------~ Reef Crest - - ---- Seaward Reef --- - --'>- • 

A diagrammatic cross-section of the coral reef at One Tree Island. The coral of the lagoon has 
a Aat surface at the level at which water i kept by the surrounding reef crest at low tide. The 
lagoon has mainly branching and staghorn Acropore corals. Below low spring tides in the area 
of st rong wave action on the ea ward reef low and sturdy Acropore corals grov.. Platform 
(or tabulate) corals are common near the steep drop-off. Sparse corals grow at deeper le\els. 
but most coral i absent at 100 feet. In this diagram vertical distances have been greatly 

exaggerated. [Diagram by Sond ra Beresford.] 

around the tent . On one side wa a sma ll 
wooden structure made of driftwood, built 
by the one American on the isla nd, Dr Victor 
Springer, from the U.S. ational Museum, 
Smithsonian Institution. Thi was dubbed 
'' the Smithsonian Sorting Centre' ' a nd was 
filled with baby-bath of carefully preserved 
fi hes. All this material, some 4 tons of it, 
was the gear of a pa rty of scientists fro m the 
Australian Museum, the Smithsonian J n tit u­
ti on, a nd the Hero n Island Marine Station. 
working on One Tree Lsland Reef, and aided 
with grants from the Smithsonian In t itution, 
Caltex, and Imperial Chemical Industries. 

One Tree is a lonely i land on the outer 
edge of the Capricorn Group, off Gladstone. 
Unl ike its neighbour Heron Island, it lacks 
sand and shady trees and is merely a rubble 
bank thrown up by violent torm at the 
windward edge of the 4-mile-long One Tree 
Island lagoon. A true coral island bordering 
on the open Pacific. One Tree bakes in the 
afternoon su n and at least one of the party 
was heard to mutter that the island was rather 
like purgator). 

The fi nal puzzle to Jukes would have been 
a row of su nburnt men in bathing costumes 
si tting on a long strip of plastic solemly 
breaking dead coral into smaller and smaller 
pieces and picking out the minute animals 
they found in it. 

Unsoh,ed mysteries 
Although coral reef ha\e fa cinated 

scientists from before Darwin's time, and 
much research work has unfolded some of 
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the intriguing mysterie and natural-history 
wonder of these huge structures, a great 
deal remai ns unknown. They have a rich 
mass of colourful fishes with such a number 
of species living close together that the mind 
of anything but a computer boggles at the 
complexity of inter-action between them. 
Who competes with whom for the same food 
organism ? Who feeds on whom? Who 
nips off whose parasite ? How in dickens' 
na me do they identify thei r own females to 
breed with in thi ve ri table soup of fis hes? 

The coral itself is a colonial animal which 
ha a thin outer layer of livi ng ti sue, with 
many thou and of smal l mouths collecting 
food from water Aov. ing O\'er it. Below it 
and supporti ng it, this living layer builds its 
keleton, intricate or si mple, delicate or 

ma sive. The coral deri' e much of its 
food from the plankton of the open sea. 
filtering it out as it drifts helplessly over the 
reef. But the reef is exceedingly rich, 
although the surrounding ocean, blue a nd 
lovely though it is, does not carry a heavy 
load of food. The bluest \\ ate rs are the 
de ert of the ocean and it is the temperate 
areas that are rich in plankton, the masses 
of tiny creatures giving the water its green 
colour. Yet ho\\ doe it happen that the 
coral reefs, set in blue sea de erts. are rich 
in both numbers and '<veight of a nimals? 
Could al l this richness just be supported by 
the thin plankton oup? Many cientists 
r,elieve that this is im possible, and that 
minute si ngle-celled a nd fila mentous a lgae 
on the reef, a lthough not seeming to be 
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abundant, are providing much of the tota l 
food of a coral reef. American workers 
have do ne re earch in the M a rsha l! Islands 
a nd o ther places to attempt to p rove this. 
f n a ll ea e st rong wave actio n ha forced 
them to work o n more o r les sheltered back 
reef - a reef leading into a lagoon, o r on a 
reef flat leading to the shore. It seem very 
likely from their work that the reef is in 
part elf- upporting and produce m uch of 
it own food. 

Reefs compared 

The Au tralian M useum team and its 
collaborator were working on both the 
lagoon reef a nd the ea ward reef of One Tree 
Island ( ee diagram). The latter. facing the 
open ocean. is a t time hammered by 
tremendous surf, but i o ften calm eno ugh 
to work on. An a ttempt is being made to 
compare the e two different a rea . The 
con tra t in the degree of wave actio n 
result in major difference between the 
expo ed open reef and the shelte red lagoon 
reef. The exposed reef has a hard rock 
slope eaward from the reef crest, covered 
in some areas by a veneer of calcariou a lgae 
as hard a cement. Seaward of thi . just 
below IO\\ tide level, begin the cora ls of the 
eaward lopes. mo tly strong Acropores, 

growi ng vigorou ly in the oceanic breakers. 
A o ne goes deeper, mo re del icate platform­
haped Acropore a ppear, but o n the slope. 

do\ n to about 40 feet. the coral · are no t 
tri kingly large: they a re p robably often 

broken in storm and the fragmen ts a re 
then fu ed by the cementing coralline algae 
to add a li tt le more to the ma ive reef. 
Here a nd there o n this eaward face a re deep 
gullies o r surge channel running seaward 
(see photo) and tho ught to be a re ponse to 
the batteri ng the hore takes from the 
waves- a method, in fact. of ea ing the 
shock o f great wave action. We can si nk 
down into these surge cha nnels with o ur 
aqualung , and see myriads o f ma ll colo urful 
fi he . a nd perhap a chool of 5-pound 
parrot fi shes bumping rhythmically again t 
the wall of the cha nnel as they crape off 
the fuzz of minute algal plant with their 
trong beaks. 

The back reef, o r lope from the ere t of 
the reef into the lagoon. is very different. 
The hard rock lope i absent, loo e boulder 
lie about and the coral may be delicate, 
fo rming spreading masses. Becau e there i 
no gap in the reef, the water in One Tree 
lagoon drops till the reef is expo ed , and then 
is retained at a fixed level by the saucer-
haped rim of reef. Corals therefore grow 

The expedition's camp. [Photo: D. F. McMichael. ] 
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Deer surge channel 
run at right a ngles to 
the reef crest in a rea:. 
o f g rea t surf. [Photo: 

Victor pringer.l 

up\\ ard in the lagoon a nd stop abruptly at 
thi le el, and then pread out\ ard hori­
zonta lly. The flat urface, formed by the 
ever-widening growl h, wa called ·'piecru t ., 
a nd disliked by Mu eum taff becau e the 
dead coral in the centre v.ould often uddenly 
break v. hen walked on, a nd a leg would 
hoot through the cru t, ometimes resulting 

in na ty cut or graze to a shin. 
The work ha hown, a might be expected, 

that the ti h populations living in rhe crumbly 
piecrust area of the reef differ from tho e o n 
the seaward reef. Many pecie a re fo und 
in one a rea a nd no t in the other. The 
eaward reef a l o eems to have a greater 

fi h bulk (some 2,000 pounds acre) than the 
back reef ( 1.000 pound acre). 

Laboratory nork 
Back in the laborator) in Sydney the low 

proce-; of going through the tomach 
content · of the ample::, of fishe . and coding 
the re ult into pu nch cards. begin . We 
feel that the ource of food in the two 
area. are fundame ntally different. and thi 
work will prove u right or wrong. The 
que ti on~ we a k our elve arc ma ny: Do 
we get more algal feeder o n the back reef, 
or mo re on the 'eaward reef? Do we get a 
greater quanti ty of plankton feeders on the 
back reef (where we have made rich plankton 
hau ls) or more on the seaward reef, which i 
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con tinua lly wa hed by wave action a nd 
ocean cu rrrent ? Do we find more animal 
in the coral of rhe seaward lope, o r the 
lagoon slope? To ger atisfactory an wer 
to the e que tion is unfortunately not a 
quick proce . 

Working in the fi h world has it excite­
ment- the scienti ts do not do all the 
in ve tigari ng, for ometime the fi he 
inve tigate back! The party had to put up 
with a n occa ional inspection by a cold­
eyed sha rk. a nd one member of it , M r 
P. M. J. Woodhead. Scientific Directo r of 
the Grea t Ba rrier Reef Committee· Heron 
I land Marine Station. was subjected to a 
brief but painful experiment performed by a 
groper. Searching in a su rge channel fo r a 
coral he had een previous!). he wa 
swimming unden\ arer with hi hand behind 
hi back when a groper grabbed hi left 
hand and \iciou ly -hook it. trying to pull 
ofT what he clearly con idered to be a ta I ~ 
m or el. 1 r Wood head tried to punch him. 
and he left, but the many harp teeth had 
made punctures over much of the hand. 
a nd na!>ty laceration at the ba-e of the 
thum b. Luck ily there wa no perma nent 
damage. al though Mr Woodhead wa out 
of action for some weeks. The ::.harh have 
never worried us, although Juke said of the 
area: "Sharks were very ~numerous here, and 
bit the Ay [ro tatorl of the patent-log as it 
trailed O\ crboard''. 



THE NOISY SCRUB-BIRD 
By \'I~CENT ER VE~T\' 

President of the Wildlife Prcsen •al ion ociety of ustralia 

"When I first heard its extraordinary loud 
notes, man)' of 1rhich are sweet and melodious, 
I was per/ecily conl'inced it 11·as a neu· hird, 
and watched and 1raited about for it for hours 
together ll'itltout so much as seeing it, .for 
several days, its notes are exceedingly loud 
and shrill, as to produce a ringing sensation 
in the ears. Precisely tlte effect produced 
u·hen a shrillll'histle is blo11·n in a small room." 

So wrote John Gilbert on 3rd November, 
I 842, when he obtained the first pecimen 
of the oi y Scrub-bird. Gilbert collected 
hi bird on the banks of a brook which 
modern re earch indicates was in the valley 
of the Drake brook, near Waroona. We tern 
Au tralia. For thi early naturalist thi wa 
a kind of bri tie-bi rd without bri t ies. So 
John G ould named it Alrichornis clamosus­
in o ther word ·. "without bristle ·· and 
''no isy". 

John Gilbert and later workers extended 
the range of the bird from tb is spot outh 
and eastward to the cou ntry around Albany. 

Last specimen collected 
Then 47 years later, in early October, 

1889, A. J . Cam pbell collected another 
pecimen of the Noisy Scrub-bird. After 

that all wa ·ilence. Naturalists searched 
in va in for a nother 70 year . 

The Noi y Scrub-bird has a clo e relative, 
the Rufous Scrub-bird (Atrichornis ru/'escens). 
Thi i a bird of thick rainforest in north­
ea tern 1ew South Wale and outhern 
Queen land. Alec Chi holm had gathered a 
great deal of information about this pecie . 
and he wrote: 

Its habitat i the most impenetrable pan of the 
crub, among the jungle tangle, vines and fallen 

debris under"' hich it creep and runs on the ground 
ne,cr going up into a bush. Ll very rarely Oies ... 

l t had long been known that the c rub­
bi rd lacked "wishbone " since the clavicle 
urvive o nly as splints. Ernst Mayr and 

Dean Amadon put the crub-birds and the 
lyrebirds together as being primitive fami lies 
a sociated with the true songbirds. They 
also said the bird were probably nearer to 
each other than ei ther is to a ny other group. 

September. 1967 

The Noisy crub-bird. banded and ready fo r 
release. 

l t i intere~ting that. like rhe lyrebird , the 
·crub-bird i a n accompli hed mimic. Al o. 
there i a imilarity in their movements along 
the ground a they stride through thick bush. 

Bird seen again 
However, this is running ahead of the 

tory. Eventually, with no succe in the 
earch for the o isy Scrub-bird, ome 

naturalists decided it wa extinct. O the rs 
were more hopeful. Among these was an 
Albany choolteacher. Harley Web ter. On 
17th December, 1961, at Two People Bay. 
about 20 miles to the east of Alba ny, he 
heard and , aw a Noisy Scrub-bird. 
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Two People Bay. lt was a few yards from here that choolleacher Ha1'lcy Web ter. ecn at righ t. 
heard lhe oi y Scrub-bird for the first time. 

ln the la t 5 year a great deal ha · been 
done. Thi mall area \\a quickly declared 
a anctuary and the a uthoritie forbade the 
taking of any faun a within a radiu of 4 
miles from Mount Gardner, the centre of 
the colony. Possibly there are le s than 
100 Noisy Scrub-bird till living, so here i 
a pecies dangerou. ly clo e to the aby . 

Ha rley Web ter i hard at \\ ork studying 
the beha\'iour of the e bird . and oon a lot 
more may be knov. n. An occupied ne t 
still elude the earchcr but one unfini hed 
ne t wa found. Thi wa a globular · hape 
made of the coastal cut rush wjth, inside. a 
lining of smooth materia l, very si milar to 
the grey papier rnache used for egg cartom. 
Had the nest been complete it may po~ ibly 
have been imilar to that described by Alec 
Chisholm for the Rufou Scrub-bird. 

Another specimen caught 

However, in 1963 we had the chance to 
see a bi rd at close quarters. At the sugges­
tion of Graham Pizzey, a Victorian naturali t, 
it was decided to attempt to catch a bird in 
a mi t net. Ha rley Webster elected a 
territory which \\a long and narrow. o it 
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wa practicable to cut a narrow corridor 
across it where we could tring our mi t 111et. 
Then .it v.as a matter of a line of beaters 
d riving the bird into the net. lt wa an 
exciting moment. The bird which had 
called ~~hen we first arrived was now silent. 
Twice we drove to the net with no ucce s. 
Then there came a cry from Harley Web ter. 
who wa tationed on the net. Bob Stranger, 
a young naturali t. plunged through the 
thick crub. ignorin!! all ob taclc ·. and 
eized the truggling ~bird: then came hi 

triumphant hout. "Atrichorni !" 

lt wa. an exciti ng moment, and du ring 
the next half-hour the cientists were busy 
measuring, noting the colour of the soft 
part . and final!) \\eighing and banding the 
bird. All this time mo\ ie film were bei ng 
made ror posterity. Then. in IO\\ motion, 
I fil med the bird a~ it scurried back to the 
afety of the bu~he . . not jauntily as I had 

seen it before. but in mou e-Jike fa hion. 

Saving bird is urgent task 

Is the bird now afe? 

There i no certain answer. The Stale 
Government ha created a large enough 

Australian Cllllrtlf HiHory 



Setting up the mist net in a suitable territory. 

reserve and even shifted a planned town-site 
to safeguard the bird. T he major danger is 
nre. I believe the more regular firi ngs 
carried out by white settlers were the cause 
of the scrub-birds' disappearance. T o 
establish new colonies I feel more birds 
should be caughl alive a nd released in 
suitable habitats, in much the same manner 
as koalas were taken from islands where 
they were in too large numbers and released 
in depleted areas. The obvious sanctuaries 
are islands, and a survey should be made of 
southern coastal i lands to see which could 
sustain scrub-birds. If none of these prove 
suitable. then national parks west of Albany 
and south of Perth hould have birds released 
in them. A vigorous search should be 
made for more colonies in case some have 
escaped the eyes and ears of a mateur 
naturalists. 

The task is urgent, and perhaps this is a 
job where the newly-formed Australian 
Conservation Foundation may be able to 
assist. It is vitally important that this bird, 
which came back from the dead and is still 
trembling on the abyss, should be saved . 

[Photos in t!ris article are by !he au1hor.] 
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A RCHAEOLOGI CAL PROJECT 

Having completed a series of excavations in the 
Upper Hunter Valley. the Curator of Anthropology 
at the Australian Museum, Mr D . R . Moore, has 
been sur veying and excavating on the western side 
of the Great Dividing Range, in the Mudgee- Ulan­
Cassilis area. T he object of this stage in the project 
was to obtain material for comparison with the 
industry already excavated in the Sandy H ollow­
Singleton region. In May. 1967, a small party 
carried out a wcek·s intensive survey, during which 
many interesting Aboriginal sites were discovered. 
These included camp areas, workshop si tes, painted 
caves, and occupied rock shelters. After a number 
of trial excavations. it was decided to concentrate 
on a sm-:~11 shelter on private property near Ulan. 
This had not been interfered with in any way since 
the last Aborigines used it. and proved to con tain 
a very prolific industry of the Bondaian period. 
The excava ti on was completed during three short 
field trips and provided a number of interesting 
and puzzling features. A great quantity of imple­
menu;, waste flakes, bones, and cooking debris was 
obtained from a stratified context, and this will 
give a very satisfactory comparison with the Upper 
Hunter material. which covers the same period. 
Plenty of charcoal for carbon dating was found, 
so that a time sequence for the occupation may be 
constructed. During the latter half of 1967. 
attention wi ll be concentrated on the Middle Hunter. 
around Maitland and Cessnock, and the next stage 
of the H unter Valley project wi ll be carried out in 
that area. 

Page 349 



FLUORESCENT CORAL FROM 
SYDNEY HARBOUR 

By .J. C. Y LO\ Y:" 
Curator of Crustaceans a nd Coelentera te , u tralian Mu eum 

Although reported previously. it wa. not 
until 1957 thnt Rene Catala first demon-
trated o n a large scale the unexpectedly 

va ried and bright fluorescent colours of 
certain deep-water corals at the Noumea 
Aquarium. New Caledonia ( ee "The 
Aquarium of Noumea". by Dr R. Catala in 
Australian Gfural History. Vol. 15, No. 5, 
March. 1966). Fluorescence i the ability to 
glo" vi ibly under ultra-violet light. which 
it elf b invisible to the human eye. and 
contra t v. ith luminescence. or pho phore -
cence a~ it i" ometimes called. "' hich i the 
ability to glow. or produce light. quite 
independently of any external illumination or 
irradiation. Or Catala obtained hi many 
pecie of ftuore cent coral from depths of 

about 70 to 150 feet. both within the lagoon 
and on the outer lope of the ew Caledon ian 
barrier reel'. In hi book Camil•al Under the 

ea, and film with the . ame title. Or Catala 
provide ma ny colour photograph. of these 
cornls and makes several general comments 
on thi ~ phenomenon. He found that only a 
limited number of specie respond to ultra­
violet radiation; that all the individual cora l 
pol) ps of a colony. with few exception~. ·how 
the :-.ame ftuore cent colour. or pattern of 
colours: tl1at the colours observed in order 
of frequency were variou hadcs of green, 
orange, yellO\\ , blue. red. bro\\ n and grey. 
though colour could change after prolonged 
exposure to ultra-violet ra~ or for other 
reason~: that on I) the livin)! flesh of the 
coral could ftuore ce. not the calcareou. 
~keleton: that the fluorescence wa inde­
pendent of the 'i) m biotic zooxanthellae a lgae 
within the coral tissue. and that over­
expo"'-'re to ultra-violet ray brought about 
a decrease in the inten ity of fluorescence in 
the majority of corals. or even death in 
certain sen~itive <.,pecie . Several diffe rent 
nuoresccnt pigments have been identified 
from the~e corals (compounds related to 
na,ines. urobiline" and pterines). but as vet 
no -.ati~ractory ph)-.iological rea:,on for thi :, 
Auore. cence. or any po . ible u. e or thi:. 
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phenomenon by the coral them~elve~. has 
been put forward. 

Du rirH! the latter half of 1966 one of the 
two species of reef-type scleractinian corals 
known from Sydney Harbour wa5 found to 
be Auorescent. Mr G. Goadby, manager of 
Marineland. Manly, and diver A. Robe on 
a nd D. S1nith. brought pecimens of the pale 
slate-green Plesias1rea unillei up from about 
60 feet and found that they giO\\ed blue 
under ultra-\ inlet radiation. Though not a" 
imen. ea man) of the pecie at the oumea 
Aquarium, the blue ftu ore cence i~ relativeh 
brighr and provide a fine di~play in a v.all 
aquarium tank in Marineland. where the 
ultra-violet illumination can be . wi tched on 
and ofT by the vi itor. The other reef-type 
contl found quite widely in the Sydney area. 
the brown Coscinaraea mcneilli. i apparently 
not t~uorescen t. 

The two photograph opposite were taken 
by Bill Payne. of the Australian Women's 
Weeldr'. a.nd were originally reproduced in 
colour in their issue of 14th December. 1966. 
Published here with their permi ion. the 
upper view show-. the coral tank at Marine­
land under normal artificial tight. while the 
lower -;how the tank under ultra-violet 
illumination with the \ariou specimen or 
living colonial Plesias1rea along the bottom 
plowing with their own ftuore.,cence. The 
~larfhh-in the tank are the common intertidal 
and ha IJO\\ -water C oscinawerias calamaria 
on the left wall and two 'ectria ocellara on 
the front gla""· The latter i. a fairl) com­
mon. -.ubtidal, temperate-\\ater pecie . 
The dark urchin on the back wall , nartly 
under the perforated metal outlet tube, i. the 
common outhern ew South Wale . ubtidal 
Cent! osteplwnus rod~ersii. Three feather­
duster polychaete tube-worms. Sahol/astarte 
indicc1, can be . een expanded in the centre of 
the tank. above the large do111e-like 
Ple\·iasrrea coral. and contrast with the t\.\0 
long-tentacled anemones. Cerianr/lw ~~"ccics. 
one IO\\ard-. the centre (ben,een the arms of 
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The coral tan~ aL Marineland, Manly, under norm:d artiticial light (above) and ultra-violet 
illumination (below). In the lo\\er photo th~ li\ing corals Ple 1ia,rreo '"·a·illei on the hotlom of 

the tank arc glowing with their own nuorc. cem::: 

the lowe t ~tarfi::-.11) and one in the c'\lreme 
ri!!ht back-corner of the tank. The lauer. 
\\ Tth it drooping tentacles, i urroundcd b~ 
numerous small. dark, feathery "heads·· of 
the unu ual un::-.e!!mented tube-worm 
Plroronis Cll!Sfmlis·. The !'.pecial relationsh ip 

epremher. 1967 

of Plroro!ll\ with Ceriallf/lll . in which the 
\\ orm lives in the thick. tough. slimy. mucou 
tube of the anemone. ha been described by 
h.obel Bennett in Awtralian Na111ml Nis·tory, 
Vol. 14, No. 5, March. 1963. 

Pagt! 35 1 



distillation plant u ed for the production of Eucaltprrts din' ' 011 m thl' Bra1d\\OOd d1 trict. C\\ South 
\ ales. A heap of lca\e~ ma) be seen. ready for charging into the !>till. \ hen the -.till i-; full the hea\~ 
lld 1n the foreground w11l be lifted into po it1on b) the crane. The '>tream behind the still coo ls the 

condcmcr. At nght i') a heap of firC\\OOd to fire the -.till . [Photo: J. L. \1 illls.] 

Volatile Plant Oils • AustJ'alia zn 
By 11. 11. G. :\JcKER:" 

Deputy Director. '1" ('Urn of \pplied \rt a nd ciC'ncc . ydney 

THE natural \Cgetation of Aust ralia 
shows in general a stro ng contra~t to 

that of other continent . There are. of 
cour e. re:-tricted areas ""hich do not displa) 
much diiTerence from ~imilar 'egetation 
types else\\ here : for e>.ample, the mangro'e 
.,,,amp~ of northern Australia are much the 
ame a tho e of Malay ia, and the Au tralian 

rainl'ore · ts sho" feature simi la r to tho e in 
other part. of the \.\Orld. evertheles, 
thi country by and large p resent a . cenery 
whose vegetation is regarded a typically 
"Australian··. and the correctne of this 
vie'' is upported b) botanical re earch 
"hich shows a la rge, typically Au tralian 
componem of the flora. Dominam in the 
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higher rainrall regions, of cour e. i'> the 
genu Eucalyptus (common!) referred to as 
eucalypt:, o r gum-trees). ""hibt the wattles. 
belonging to the genu~ Acacia, are typical of 
the more a r id region . 

Further, most tra\eller have ob~ened 

that the Australian \egetation i:-. distinctively 
aromatic. If we \\ttlk through the bush on 
a warm summer day we arc usually aware 
of a dis tinc tive fragrance: this may become 
most pronounced in certain areas- for 
example. in the alpine ash fore t ( Eucalyp1us 
delegarensis) of the higher ele' at ion ( 3.000 
to 5.000 feet) of southeastern New South 
Wale and of northea tern Victoria. 
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Cau e of bu h aroma 
This aroma of the vegetation due to 

the fact that many plan t~ species ynthe ize 
volatile or e ·entia I oil (note that the v. ord 
"es entia!.. a u ed here is the adjective 
derived from the noun "essence", and ha 
nothing to do with "necessary"). Volatile 
oil are di tingui hed from the fatty or 
"fixed" plant oils (such as olive oil, peanut 
oi l, lin eed oil, etc.) by their volati lity. 
Thi may be hown by the simple experiment 
of allowing a drop of a fatty o il to fall o n a 
piece of blotting paper, and, at the same 
time, adjacent to the fatty oil, placing a 
drop of an e entia! or volati le oil such a 
eucalyptu oil or peppermint oil. If the 
blotting paper is freely exposed to the ai r, 
it will be een that the drop of essential oil 
oon evaporate or vaporizes, whil t the 

fatty oil remain a a tra n lucent stain 
indefinitely; that is, it is non-volatile. 

Volatile oil may be secreted by plants in 
a ny organ- the leaf, the flower. the bark, 
the wood a nd o on. In many plants of 
the Au tralian bu h. the oil is to be fo und 
in the leaves; if you hold a Eucalyptus leaf 
up to the light you wil l see a multitude of 
tran lucent dots, each being an oil torage 
re ervoir, a nd you may smell the o il if you 
cru h the leaf between the fingers, o 
liberating the volatile oil from the enclosing 
tissue. In the case of the genus Callitri,; 
the cypres · pines, a n oil is contained not 
only in the fol iage. but a lso in the wood. a nd 
the odour of the freshly-sawn timber is most 
pleasant and di tinctive. 

Volatile oil of commerce 

Volatile o r es entia! o il have been article. 
of trade for a long time, and when the fir t 
Engli h ettler arrived in Au tralia they 
"'ere fami liar '"ith European oils uch a~ 
l<n ender. pepperm in t or lemon oi l. In one 
of the earlie t book on Au tralia. White· 
Journal of a Voyage to e11· South Wales. 
published in London in 1790, there is 
recorded the distil lation of oi l from the 
leaves or a specie~ of Eucalyptus(£. fJ/iJerita) 
fou nd growing on the sa ndstone shores of 
Port Jackson, a nd which had proved a n 
efficacious sub ·titute for oil of peppermint 
fo r medical u e as a carminative. Although 
the chemi try of the volatile o ils was qui te 
unknown at that time, it o happened that 
White chanced upon a n oil who e chief 
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con tituenr (piperitone) i now knuwn to be 
chemically closely-related to the main 
component of oil of peppermint obtained 
from Memlta piperita. However. apart from 
thi early es ay in this field, v.'e hear nothing 
more of the extraction of volatile oil in 
this country until the decade 1850 1860. 
Pre umably the sturdy pioneers were too 
bu y e tablishing a footho ld in a rather 
hard land, and found li ttle time or incli nat ion 
for cienti fic experiment, a nd in any ea e 
there was lacking a knowledge of organic 
chemistry, a cience which did not arise until 
the middle of the nineteenth century. 

The hi to ry of the Australia n es emia l 
oil industry may be aid to have begun in 
Melbourne in 1852 wi th the first experimen t 
of Jo eph Bosisto, a pharmaci t, encouraged 
by the fa mou botanist Ferdinand van 
M ueller. who had al o studied pharmacy 
and who became G overnment Botanist of 
Victoria. By the ixt ies Bosi to wa pro­
ducing eucalyptu oils commercially, and 
the Au tra lian es entia! oil industry ha. 
thu now been in existence for over a century. 
During this period many thousand of ton~ 
of oil have been produced from many 
different part of the country, a nd for many 
d ifTerent purpo es, for local use a well a 
for export. 

What a re the different kinds of o il pro­
duced, and wha t are they used for? The 
greatest to nnage of o il has undo ubtedly been 
won from the genu Eucalyptus (family 
Myrtaccae), the familia r gum-tree earlier 
referred to as dominatine: the Australian 
rura l scene. The term gum-tree, by the 
way, i a mi nomer as the eucalypts do not 
produce gum. T he ticky red exudation 
which caused the early settler (q ui te innocent 
of any chemistry) to confer upon them thi 
name i not a gu m, but a kino, a nd i related 
to the ta nnin . early every pecies of 
Eucalyptus, however, contai ns a volatile oil 
in the leave in greater or lesser amou nt. 
and th i · oi l va rie~ in chemical com po it ion 
with the pecie . 

By a technique known as stcam-di tillation, 
it i possible to extract the oi l from the 
foliage, using a fa irly imple apparatus. 
Foliage from the selected specie is packed 
into a ve el known as a till. into which 
:, team may be admi tted at the bottom. 
T he vc el is clo ed by a rightly-fitting lid, 
a nd the ·team ri e through the mass of 
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A l:umhptu~ oil UJ~tilla­
t ion plant with three still . 
panlv embedded 1n the 
eanh. two of wh1ch have 
their lid-; dosed during a 
"boil". The crane is u~ed 
to discharge the hea,)', 
wet, -,pent lca,es. a heap 
of which is seen stil l 
steaming from a pre,ious 
operation. [Photo: J. L. 

Will is. ] 

Jea\e . A il doe o, it vaporize the o il , 
a nd both oil vapour a nd team e cape 
through an outlet pipe towards the top of 
the till . T he outlet pipe lead to a con­
den er. U!:>ua lly a n exten ion of the outlet 
pipe, but laid under water so that both o il 
vapour and team a re cooled a nd conden ed 
back to oil and water. T he o il , bei ng 
lighter than wa1er and immiscible \Vith it. 
ri es to the urface a a n upper layer in a 
receiving vessel de igned to retain the oil 
layer but to perm it the condensed water 
to discharge continually to waste. 

Actual details of de ign of eucalyptu o il 
di tillation eq ui pment vary considerably, 
but they are ba ically of two type - one in 
which the · team is generated in a bo iler 
and led to the till by a pipe, a nd another in 
which the team i generated from a ha llow 
layer of boiling water a t the bottom of the 
till "hich i heated b) a direct fire. In 

this latter ea e. the charge of leaves i 
supported above the v.ater-level by a grid. 
An indicator must be attached to such a 
direct-fired !ill to permit the operator to 
control the water-level to prevent the till 
boili ng dry a nd burning the charge. The 
di ti llcries employing steam generated in a 
·eparate boiler a re usually relatively large 
es tablishment . wi th perhaps two or three 
cylindrical underground sti lls 12- 14 feet 
o r so deep and 6 to 8 feet in dia meter. Such 
still are capable of taking several ton of 
foliage at a charge. They are found typically 
in area of Ratter terrain (e.g., the Wyalong 
di trict of N.S.W. a nd in cen tral and north­
we tern Victoria). 
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U e of eucal~ ptus oi ls 

What a re eucalyptu oils u ed for? This 
i governed b) their chemical compo ition: 
the broad-leaved peppermint ( £. dires) in the 
Braid\\Ood dist rict and else\\here in .S. W. 
yield an oil rich in the ubstance knO\\ n a. 
piperitone, which i used in chemical indu try 
fo r the synrhe i of menthol. Such a pecie 
as E. ji-uticetorum, or the blue mallee, i a 
hardy plant of the 15- 18 inch rainfall region 
in N.S. W. and Victoria whose leaves yield 
a n o il rich in cineole; oils of thi cla s a re 
u ed in pharmaceutical form ulation . Cer­
ta in populat ions of E. radiata in southern 
N.S.W. yield a n oi l that is of value in the 
n1anu facture of di infecta nt preparations. 

The genu Eucalyptus i not the only pla nt 
group in Au tralia to be utilized for essential 
o il . On the far north coast of .S. W. a 
pecic of /lfelaleuca. M. alterni/'olia, yield. 

"tea tree .. oil of commerce. used in medicinal 
prepara tion . whi lst in Western Australia 
!:>andalwood o il for perfumery is extracted 
fro m the \\ ood of Samalum spicatum. 

Finally. although Au rralian are natural!) 
intere ted in the e natural product from the 
indigenous fl o ra, we should remember that 
\'Oiat ile oil a re also produced on a lim ited 
cale in thi country from some exotic pla nt . 

Citrus oil a re expre sed or distilled from 
lemon and orange a nd are used as flavou ring 
agent . Furt her, a very efficient lavender o il 
industry ha been established in north­
ea tern T a mania, a nd a high-qua lity French 
type of lavender oil i regularly marketed in 
~uccc sful competitio n '" ith oils of overseas 
origin . 
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Children o f vil lage rs bclween Khonkacn a nd Chompae, central Thailand, who gave the author tektites. 
[ PhotO: Author.] 

THE TEKTITE PROBLEM 
By R. 0. CH ALMER 

ura tor of Mineral~ and Rocks. Austra lian Mu cum 

I the andhill country of the arid 
Au tralian inland au tralites are fo und 

mainly lying on the urface of the bare low 
areas between the andhill known as clay­
pans. The surface of the claypans consists 
of and grains cemented by clay, calcium 
carbonate and iron compound to form a 
emi-con olidated oil, u ua lly of a reddish 

tint. 
The sand hills of inland Australia originated 

when dry conditions et in during the late 
Pleistocene. Vast quantities of sediments 
had been brought by river into Au. tralia's 
inland drainage y tern , particularly the 
Lake Eyre ba in. Long periods of high 
winds concentrated the sand content of 
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these ediment into andhill The e event 
took place in very recent time , geologically 
speaki ng. probably within the la t three­
quarters of a million year . So fa r it ha 
been impossible to obtain geological evidence 
of the age of fa ll of the australite in the a rid 
regions. 

One has a trong feel ing that, in the arid 
inla nd, australite are now lying close to 
where they original ly fell. There ha been 
ome slight movement and dist ribution of 

au tralites on the claypa ns by rain which, 
though it fa lls infrequently, may fall in 
large quantities in a hort time. lfa u tra lite 
a re found embedded in the claypan due to 
the action of running water it is to a depth of 
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no more than a fe" millimetre and the 
greater part of the au~tralite i exposed above 
the claypan surface. 

Since the period of intensive oil search 
began a few years ago australites have been 
found by exploration team~ in a num ber of 
areas in the andhill of the Simpson De~ert. 
Since 1963 field trips b} the writer in conjunc­
tion with stafT from o ther scientific in titu­
tion , such a the United State ational 
Mu. cum in Washington a nd the Australian 

ational Univer ity in Canberra, have 
revealed im portan t ne\\ areas in the Lake 
Torren , Lake Eyre and Bird vil le Track 
regions. Not onl) are the au tralite reason­
ablv abundant in all the e region . but a 
ren;arkably high proportion of them how 
regular shape , · uch a ftanged button . 
dumb-bell . elongated hape and •·bungs ... 
Thi i clear e' idencc that in all these place 
the au tralite_ have uffered little movement, 
otherwi e o many perfect shapes would not 
have been retained. 

Age of austra lite 

lt i general!) agreed that all tektite ·were 
formed from the melting of urface rock 
by the impact of giant n;eteorire- either on 
the surface of the earth or the moon. Dati ng 
by one of the mo t modern procedures, the 
potassium-argon method, show thut the 
original formation o f australites look place 
700.000 year'~ ago. Regardles of the place 
of o rigin. it i certain that the unique regular 
!>hapes of au:,tralitcs are eau ed by the 
econdary melting of the urface layer due 

to heat ~enerated b\ friction with the 
atmo phere during. their fall to earth. The 
"Hange'·. one of the mo!->t unique feature~ of 
the perfectly-shaped ''button"' type of 
australite, is eau ed by thi econd period 
of melting. Aac determinations on the 
llanee material - hould therefore !!ive the 
a!!e ~of fall. Although the find in!!- cannot 
b~ regarded a-. cll(Trely conclu rve. ·ome 
determinarions sho" the a!!e of the llanue to 
be the same a the uge of the centre portion. 
namely 700,000 years. The inference from 
this is that the flight of the australites through 
the <ltrno phere took place immediately 
after the initial formation by meteorite 
impact a nd that au tralite have been lying 
on the surface of Australia for 700.000 year . 
'' hich. it should be noted , i- not incompatible 
"ith the age of formation of the -.and hill" 
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On the other ha nd. a careful!\ controlled 
archaeological-l) pe excavation \~as recently 
carried out in an australite area at Port 
Campbell, on the western coast of Victoria. 
Here the australite · how a more perfect 
state of preservation and le igns of 
abrasion than in an) other locality. From 
the as ociation of australites and ca rbonized 
plant terns. the age of which ha~ been 
determined by the carbon dating method. 
it is concluded that the au tralites fell no 
more than about 7,000 year. ago. The 
problem po ed by the contradictory evidence 
of 700.000 and 7,000 years for the age or fall 
remains to be <;olved. 

Tektites in Czecho lovakia and T haila nd 

During an over ea 'i it in 1966 I wa 
able to - vi it two other countries v. here 
tekt ites are found. Czecho lovakia a nd 
Thailand. Czechoslovakian tektite a re 
known a molduvites (Czech, vltaviny). 
They were so named because they were fi rst 
found in Southern Bohemia near the Moldau 
(Yltava) River. The fir t scientific dt: crip­
tion appeared in 178 The tektite area 
lie-; to the \\e~t of a izable tO\\ n, Ce ke 

Moldavite from Ct>ccho 10\akia. \.,ith (at 
bottom) a ca .. t of the largest molda,itc (3 mchc:. 
long) e\ er found in outhern Bohem1a. C ?echo-

to\aJ..•a. [Photo: C. \'.Turner.] 

A usr m/km V mural H isror.1 



Tektites from Thailand. The natural size of the specimen at bottom left is 4 inches long. The tckute at 
top left is the layered Muong Nong type. !Photo : C. V. Turner.] 

Budejovice, about 70 miles south of Prague. 
Another group of tektite localities lies about 
100 mile to the west in the vicinity of Brno, 
in the pro' incc of Moravia. 

The South Bohemian localitie:. arc in 
agricultural country. T he moldavite are 
found main ly in fields under cu ltivation and 
are usua lly discovered by ploughi ng. T hey 
also are found in present-day st ream gravels 
and in high-level and a nd gravel beds, 
which fo rm depo ·its up to 30 feet th ick on 
the top of low well-wooded hills about 200 
to 400 feet above the level of the pre ent 
t ream . One cou ld hardly imagine a 
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greater contrast between thi plea ant. green 
country idc, dotted with picture que Czech 
village , and the au tralite localities of the 
. andhill country LO v .. hich l '"as accu lomed. 

Moldavite are older than aust ralite . 
The moldavi te-beari ng high-level sand and 
gravel beds were deposited anything from 
I to 6 million years ago in middle to upper 
Pl ioccnc time. Potassiu m-argon age dcter­
minations give an age of fo rmation of 15 
mi llion year for moldavites. 

South Bohemian moldavi te are much 
more translucent than australite and are 
light green. Specimen of regular · hape 
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and smooth surface have been found, but, 
d ue to the corrosive effects of chemical 
solutions in the form of groundwater, 
mold avites are mostly marked ly pitted a nd 
grooved. 

Time d id not permit a visit to the Moravian 
localities. There the moldavites a re larger 
and much smoother because they are found 
mai nly in present-day stream deposits and 
have suffered considerable abra ion. They 
are greenish-yellow or brown, resembling 
the colour o f australites. 

Evidence of a terrest rial origin for m oldav­
ites has been adduced from the Ries Kessel 
(Giant Kettle), a cauld ron-like area, 17 
miles in diameter, which lies in southern 
Germany about 160 mile west of the 
southern Bo hemian moldavite localit ies. 
Because of the pre ence of glassy fragmental 
rock in the Ries Kessel, a nd a lso scattered 
around it up to a distance of 6 miles, it is 
considered that it was formed by the impact 
of a giant meteorite. The heat generated 
by impact melted the country rock to fo rm 
glass. It is a very old c rater. No fragments 
of iron meteorites are fou nd associated with 
i t, and small towns have been built with in 
the rim. lt is sometimes known as Nord­
lingen R ies after one of these towns. It is, 
of course. much larger than even the largest 
of recently formed meteorite craters, the 
Canon Diablo ( Barringer) i n Arizona. 
Potassium age determinations show that 
the age of format ion of the crater glass is 
the same a that for moldavite . H owever, 
t he crater glass differs considerably in 
appearance and in chemical compositio n 
from moldavites. Geological study of the 
sedimentary rocks in the crater and the 
depth to which the effects of the impact 
extended supports the age of 15 million 
years for the formation of the crater. 

H owever, a already mentioned, the 
geological age of the h igh-level sands a nd 
gravel , the o ldest formation of T eritary age 
in which moldavites a re found , is only about 
6 million year . The consensus of evidence 
would seem to support a cosmic origin fo r 
the moldavites. but, as with the aust ral ites, 
the d iscrepancy between the age of formatio n 
and the age of fall remains to be explained. 

Age determinations on the Tha i tektites 
show the age of format ion to be the same 
a that of aust ralite . Jndeed, it is now 
fi rmly established that the tektite of south-
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east Asia, including southern China, Vietnam, 
Laos, Cambodia, T hailand, t he Phili ppines, 
M a laya, Bo rneo and Indonesia, originated 
at the same time as australites. There is no 
reason to doubt that these all fe ll at the one 
ti me, even if the age of fall remains to be 
discovered. This, together with the absence 
of evidence of impact craters of such 
dimensions as would cause a scatter of 
tektite. over such a large section of the 
earth , would seem to favour a cosmic o rigin. 
Not even the most confirmed terrestrialist 
has ever suggested that the four known 
meteorite c raters in Aust ralia were the 
source of australites. 

ln T hailand [ spent 2 day in the area 
between Khonkaen and Chompae. 
Khonkaeo is a sma ll town 250 miles north­
east o f Bangkok o n a railway that terminates 
at Yientiane. the capital of Laos, o n the 
Mekong R iver. 

This regio n is on a plateau at a much 
higher elevation tha n Ba ngkok. The cli mate 
is therefore much more temperate. In fact, 
the general scenery reminded me of much of 
the eastern part of New South Wales. 

The tektites are found in the reddish­
brown lateritic soil. They a re mostly partly 
buried in small watercourses. T hey have the 
same black lust rous appearance as au tralites, 
but in general are much larger. Many show 
regu lar shapes, though not so perfect as 
austral ites, a nd due to the solvent actio n of 
groundwater they a re much more pi tted than 
a ustra lites. 

On this field trip tektites were coLlected 
a nd many were generously given to me by 
local villagers, all of whom had contact with 
fi eld partie of the Departmenr of Minera l 
Resources of T hailand and realized tha t 
tektites were objects of interest to geologists. 

T ektites are much more plentiful in 
Thailand than in Au tralia. l n a lapidary 
shop in Bangkok I saw many pounds weight 
of tektites fo r sale and there seems to be a n 
almost continuous supply sent down from 
the tektite-bearing localities to the capita l. 

These field trips were made possible by 
the genero u co-operation in Prague of 
D r K. Tucek a nd Dr J. Svenek, of the 
National Museum, a nd Dr V. Bouska, of 
the Charles University, a nd in Ba ngkok of 
Dr Kaset Pi takpaivan, Chief of the G eology 
Section of the Department of Mineral R e­
source . T heir help is gratefully acknowled ged. 
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T he excavation of a large Aboriginal shell midden at West Point, on the west coast o f T a mania. 
[Photo: Author.l 

Middens and Man • zn Tasmania 
By RHYS JONES 

Department of Anthropology, University of Sydney 

TH E Tasmania n Aborigines are dead. In 
their brief period of contact with 

European culture ome records of them were 
made but the e, regrettably, have o nly given 
u a limited picture of their way o f life. 
The Abo rigine themselves, however, have 
le ft their own mark on the T asmania n la nd­
scape. The fa rmer following his plo ugh, o r 
the walker o n the eashore, can, if he i 
lucky, see evidence of past huma n activity. 
The archaeologi t looking at the count ry ide 
i ob e sed with certain features. A ridge o f 
andstone may conta in rock sh elters, a patch 

o f loose sand may have tone tool lying o n 
its surface, o r an eroding dune may reveal a 
prehi to ric skeleton. Ln his m ind ' eye he 
ees women eat ing shel lfish in the shelte r o f 

some dunes, o r a group of hunters t ravell ing 
lowly acros a mar h and setting fire to the 

reeds and low bu h a they go, or a ma ll 
cave with the half-gnawed bones of a walla by 
cattered a round a fireplace, with t he a he 
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s till warm. From a tudy of the physical 
ma nifestation of pa t human culture, the 
archaeologi t a ttempts to write hi tory, a nd 
in the case of Tasmania before the a rrival of 
literate Europea n he has to rely complete ly 
o n the resource of his own di cipline. 

F ield archaeology 

Tasmania ha a varied coa tline, a nd 
a rchaeologica l ite are common a lo ng it. 
These a re midden , con i ting mo t ly of 
hells and containing a nimal bo ne . charcoa l 

and stone tool . Middens a re ometimes 
found on the ho res of an estuary, o r o n a 
rocky headla nd close to a rich ource o f food . 
but often their prese nce or ab ence i dictated 
by t he uncertain cha nces of conservation . A 
small midde n may be preserved by a protec­
tive covering of a nd fo r thou and o f yea r , 
while a neighbouring la rge ire may be 
de t royed by a cou ple of heavy winter torm . 
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Some s ite consi t of thin bands of hell 
representing a si ngle meal: o ther are huge 
piles of shells covering an acre of grou nd and 
up to 8 feet thick. laid down by large groups 
of people who regularly came there to exploit 
a particular food source, year after year, for 
thou a nds of years. 

In many places on the west coast the wind 
is eroding the dunes, thus exposing a nd 
eventually destroying the middens contained 
in them. Thi is especially true in the n orth­
west between Cape Grim and Sandy Cape, 
where, after a gale, tens of thousands o f 
artefacts and bones are exposed on the and. 
The Aborigines often took advantage of the 
natural shel ter afforded by overhanging rocks 
or caves, a nd many coastal caves contain 
large shell middens. On the north coast, 
between Table Cape a nd Rocky Cape. are 
several o ld ea cave formed by a pas t high 
sea-level, and f have excavated three of them. 
Many of the offshore is land , such as Hunter, 
Bruni and Maria Is lands, have shell middens 
on them, showi ng that they were often 
visi ted in prehistoric times. The watercraft 
o f the Aborigines were efficient enough for 
them to travel across often treacherous 
coastal waters, but the lack of s ites o n the 
large Ba s Strait i land , uch as King a nd 
Flinders Islands. shows that longer jou rneys 
were not successful , or were not made in 
recent prehistoric times. 

Collections of stone artefacts have been 
made in Tasmania for over 60 yea r , and, by 
plotting the distribution of these surface 
fi nds. we can make a fair guess as to the parts 
of the country occupied by the prehi toric 
Aborigim:s. Such a map was published by 
Mr Bellea u Kemp in the December, 1963. 
issue of Australian Natural History, and from 
it we can see that in the west the occu pation 
was restricted to the narrow coastal plain, 
whereas in the east there wa occupation not 
only along the coast but also inland in the 
midland plains and in the river va lleys such 
a that of the Derwent. The ab ence of 
surface artefacts corresponds closely with the 
distribution of the temperate rainforest, and 
it is likely that thi dense vegetation formed a 
considerable barrier to communica tions. 

Some botanist have put forward a theory 
that the pre ent florist ic distribution in 
Tasmania has been greatly affected by past 
burning activities of the Aborigines. The 
exten ive areas of sedgeland a nd mixed 
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Euca/ypt-Notofagus forest in the we t are 
believed to have been enla rged by intensive 
burning by the Aborigi ne over thou ands 
of years. Now that the Aborigines have gone, 
the ra info rest has c rept back, and M r W . F. 
Ellis tells me that he fou nd great difficulty 
in cutting his way through coastal scrub o n 
the so uthwest coast in area described by 
Robinson in 1830 as being fairly open 
country. Simila rly, open grassy plain 
noted by Hellyer and others at Surrey H ills, 
in the northwest highlands. are now covered 
by dense rainforest. It is likely that the 
Aborigines, using fire. kept open the western 
coastal plain a nd there are accounts of fire­
maintained ro utes penetrating the rainforest. 
Travel through the Eucalypt forest in the 
eastern part of the island would have been 
much easier, not o nly because of the ease in 
etting Are to them, but also beca use of the 

rich ness of game there. 

An Aboriginal tone quarry in the eastern high­
lands, near Lake Leake. The ground is covered 

with core and flakes. [Photo: B. H iatt.] 
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The majority of stone artefacts in the 
museums have come from su rface collection , 
but it is also possible to find tratified sites 
inland as well a o n the coast. I have seen 
everal rock shelte rs with sign of occupation 

in them in the sandstone countr) in south­
east Tasmania, but none o f the e had large 
depths of depo it. A future rich source of 
sites in the midlands may be associated with 
the inland sand dunes. believed to have been 
formed in a drier po t-glacial period. 
Modern erosive "blowout ·• uncover srone 
tools. and I have made collections in such 
ites at Grimes Lagoon, Crown Lagoon, and 

on the shore of Lake D ulverton. So me 
artefact in si tu show that these, at lea t , 
date from the end of the period of sand 
deposition and immediately prior to the 
formation of the topsoil horizon. T he 
Aborigines carefully elected the raw materia ls 
for their stone tools and usually exploited 
limited outcrops of suitable rock . Many of 
these q uarries have been found, and, where 
the outcrop itsel f occurs, the ground is 
covered for hundred of yards wi th large 
quantities of mashed boulders, cores a nd 
flake . ln the midlands, near Ross and at St 
Peter's Pass. for example, the raw material 
is a metamorpho ed mudstone or hornfels. 
On the northwe t coast, a sponge chert was 
used, t he exact ource of which has not yet 
been fou nd, but tools of thi materia l have 
been discovered up to 100 miles away along 
the north and west coasts. 

I have described industrial and habitation 
sites, but there a re also the remains of 
intellectual activities. On the west coast 
there are severa l places where the designs of 
circles and lines have been carved on the 
faces of rocks. The most complex group is 
at Mount Cameron West , where the designs 
have been engraved in a oft sandstone. 
Near Anson's Bay I found a row of flat 
s tone arranged in a s traight li ne on the 
surface of a midden, and there was a second 
row st ratified about a foot below the top one. 
Perhap these marked a site which was 
important to the Aborigines fo r ceremonial 
or other reason . When a person died , 
there was a variety of burial procedure . 
Sometimes he might have died a lone, hi 
keleton covered by drifting sand, bu t often 

elaborate burial practice would have been 
carried out. Bodies were placed in a flexed 
positio n on a pyre and burnt, the bo ne then 
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being broken a nd placed in little pit . Some 
such pits have been found. 

These prehistoric remain could be any 
age between the time of the arrival of the 
Tasma nians and the time o f their extinction. 
If we wish to place them in a chronological 
order we have to excavate sites under 
controlled conditi ons and date the deposits. 
u ing radio-carbon d ati ng techniques. 

Excavations at Rocky Cape 
The three caves which l have excavated at 

Rocky Cape and Sisters' Creek contained 
shell middens, and in each case beneath the 
shells there were a nd and decayed rock 
completely sterile of cultural remains. I 
th ink that the deposition of the basal layers 
of middens in the cave marks the beginn ing 
of thei r human occupa tio n, and perhap the 
first a rriva l o f man in the immed iate locality. 

The first phase of occupation bega n a t 
about 7,500 to 8,000 years ago. In the ba al 
layers of the South Cave at Rocky Cape, the 
majority of the bones are of seal, but pa rro t 
fish bone are also common. Tho e of sea 
birds and land animals are present but rare. 
T he bo nes of animal as ociated with t he sea 
constitute 95 per cent of the rota! weight of 
dry bone, and if we add the contribution of 
the shellfish to the diet, which would have 
been at least as great as the total meat from 
the vertebrate animals. we ee the a lmost 
com plete dependence on the sea a nd its 
littoral as a hunting area for meat. In the 
case of seal, the higl1 preponderance of fli pper 
bones and jaws suggests that these choice 
hits were cut off the ca rcases, perhars o n the 
shore, and carried up the steep cliff to be 
eaten in the cave. The stone tools were 
made from local materials, uch as pebbles 
on the shore o r the quartzite of the cl iffs, a nd 
consist of rough un ophisticated retouched 
flakes a nd utilized cores and pebbles. We 
fo und thirty-five bone tools, most of which 
were sharp points made from the fibu lae of 
wallabies. 

Later on, at about 4,000 years before t he 
present, we see essentially the ame protein 
d iet with perhaps an increase in the im port­
ance of fi h. Most of the stone tool are 
crude flake made from local materials as 
before, but we also get well made tool 
manufactured from ra"~ materials wh ich a re 
foreign to the area. T his reliance on exotic 
raw material increases as time goes o n. so 
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that in the top layers of the North Cave at 
Rocky Cape, dated to about 450 year ago, 
mo t of the finished tools were manufactu red 
from cherts and ilicified breccias which had 
been carried over a long distance to the ite. 
The tool consist of well made concave and 
steep straight scrapers and alternate-Aaked 
cores. In these levels I fo und no bone 
tool , and I sugge t that they were no longer 
being made here. There are some marked 
difference between the diet of this latest 
pha e and that of the preceding ones. 
Parrot fish were no longer eaten, and there 
was a decline in the relative importance of 
seals. Conversely, ea birds a nd mar upials 
became more important. In the top level 
of the orrh Cave at Rocky Cape the weight 
of bone of land a nimals con ti tutes 30 per 
cent of the total dry bone weight, and tho e 
of ea birds up to 40 per cent in some spits. 

West Point 
A a contra t to the e cave , which are 

situated on cliffs overlooking the relatively 
shel tered Bass Strait, l also excavated a 
large open shel l middcn on the expo ed west 
coast near the We t Point lighthouse. This 
si te, with a basal date of 1,850 -t 80 B.P. , 
and a top one of I ,330 =::: 80 B. P .. corre -
pond in general to the latest prehistoric 
pha e of the cave sequence, and it contents 
are similar in many respects. 

The midden contain a large quantity of 
flaked tone, and the profusion o f core and 
un retouched flake how that tone tool 
manufacturing activities were ca rried out at 
the ite. T he raw material u ed in the top 
h a lf of the depo it was almost exclusive ly 
a fine ponge chert, which wa probably 
quarried locally. The tools con i t of 
scraper with both concave and convex 
working edges o n them, finely retouched 
fl ake and utilized cores. There were a lso 
many small pebbles with heavy battering 
a round thei r periphery, and the e eem to 
occur commonly on the western coa t of 
Tasmania. The hell of the midden ' ere 
mo tly Subninel/a unclulma and the Abalone 
Notoha/iotis ruber, but a wide variety of 
other litto ral shellfish were also collected. 
There was a large qua ntity of animal bones 
in the ire, most of the meat being provided 
by eals. These have been identified by 
the Curator of Mammals at the Au tra lian 
Mu eum, Mr Basil Marlow, as Southern 
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Elephant Seal (Mirounga leonina). Most of 
the animals killed were young a nd it i 
probable that the site wa occupied during 
ummer at least, when the seal \vere breedinl! 

and moulting. Land a nimals uch aw 
wallabies, bandicoots, possum , native cat 
and Tasmanian Devi ls were eaten and ea 
birds also provided a major o urce of food. 
A c urious ab ence i that o f fi h, and thi 
corre ponds with the contemporary depo it 
a t R ocky Cape. 

We found cveral small pi ts filled with 
burnt and ma hed fragments of human 
bo ne. Several individual are represented, 
a nd it is probable that, after they had died. 
they were cremated in the ame way a 
de cribed by Robin on in 1832. ln one pit, 
the bones were accom panied by severa l 
dozen mall shell with hole in t hem, and 
these may be the remains of ome sort of 
necklace. 

equence for northwest Tasmania 
Thus, for no rthwest T a mania we have a 

cu ltural eq uence from about 8,000 to 500 
years ago, with some elements showing 
cha nge and others conservatism . On the 
one hand, the eating of fish and the making 
of bone tool were discontinued, a nd, on 
the other hand, there was a g radual improve­
ment in the election of the raw material 
fo r s tone tools a nd in the technique of their 
manufacture. The complete dietary depen­
dence on the ea in the early pha e became 
upplemented by the killing of land animals 

later on, and it is likely th:1t rich sources of 
food . uch as the Elephant Seals would have 
been intensively exploited whenever they 
were available. 

I do not thin k that thi equence wi ll 
hold in its d etail for the whole of Tasmania ; 
in particular, 1 do not think that the relatively 
crude stone tools from the ba~al level 
represent the tandard of workmanship a ll 
over the island at tha t time. In the early 
phase, northwe I Tasmania may have been 
a peripheral area to the main zone of 
occupatio n, a nd we require parallel equence 
in the midland and o ut hea t Ta mania to 
te t th is. 

Mainland archaeology 
How does thi fit in wit h the archaeolollical 

picture o n the mainland? T he oldest dates 
fo r occupat ion o far fou nd on the mai nland 
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Pierced -.hclls and a 
duck· bill which 
accompanied burnt 
human fragment in a 
pit at the West Pomt 
middcn. The \Crtical 
shell at the right is 3 
inches long. [Photo: 

R. French.] 

range from 24.000 to 18,000 years ago in 
northern and we tern Australia. In south­
east Au tralia. a date of 11 ,000 year B.P. 
ha been obtained in eastern ew Sou th 
Wale . a nd near Melbourne stone tool 
have been found in a depo it older than 
8.000 year· . l t i rea e nable to a ume. 
therefore, that about 12.000 to 10,000 year 
a1w man had arrived in southeast Au tralia. 
Tl1e ea-level wa over 200 feet below it 
prc ent level and thi meant that the island 
we now call Ta mania formed pan of a 
mountainou .. ourhward-pointing penin5ula. 
with the coa t in place up to 40 miles out 
to sea from the pre ent shore. The ' armest 
ummer month wa. some 9 F lower than 

at pre ent and the high mountains in 
Ta mania and the Southern Alps rontained 
glacial and pcriglacial zone . As the cl imate 
became v.armcr and the ice-covered and 
trceles!> nrca:; in the highlands contracted. 
the ea-level ro e until Tasmania became an 
i land. If we a:, ·ume that in this inhospitable 
countr) especially in the .. ,·est, which may 
have had a den e rainfore t cover-the first 
human ~elllement ''ere closely tied to the 
coa t, then thee \\Ould ha'e been CO\ered 
bv the ri ing ea. The inhabitant . if there 
w"ere am. would ha\e been forced back onto 
higher ·and perhap!> unfamiliar ground. 
Thi i unni c. but what is clear i that, as 
oon a · the sea arri,ed at it pre ent coast­

line, men with a . trongly littoral economy 
first occu pied the old sea caves on what wa 
again the north coast of Tasmania. 

Some 30 years ago, . B. Tindale pointed 
out the imilarity between Tasmania n stone 
tool and certain ancient as emblal!es o n 
the mainland, and thi ha been demon .. tra ted 
tratigraphically by D. J . Mul vaney at 

Kenniff Cave in outh Queensland. In the 
lower level , dated from 16,000 year to 
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about 5.000 :rears ago. were steep retouched 
cores. and a variety of comex and concave 
craper "hich in general term are ·imilar 

to tool fo und in Tasmania. Abo\ e these, 
dating from 5,000 years until the pre ent, 
~ere unifacial points. backed blades, adze 
nake and ground edged axe , none of which 
have been found in Tasmania. Sequence 
imila r to this have been found in Cape 

York. the Northern Territory. eastern 
N.S. W., a nd South Australia, ~i"th the new 
and diver!)c industrie replacing the old ones 
arou nd about the th ird millenium u.c. (fn 
this brief report, I have not taken account 
of Mr C. Whire· \Cr) old date for ground 
edged a\es in Arnhem Land.) 

Man arri,ed on the continent O\Cr 20.000 
)ears ago. making certain kind of tone 
tool..,, and he ~as occupying Tasmania ''hen 
it became ani land. In Ta mania the style of 
stone technology continued relati\'ely un­
changed unti l European contact. On the 
mainland, however, ne'' cultural elemcnh 
arpeared, probably derived from Asia, 
'' hich swamped the old culture, at lea. t in 
the sphere of tone LOolmaking. The e new 
innuences never reached Tasmania, however, 
becau e of the barrier of Ba Strait. At 
the period of contact, Tasma nian Aboriginal 
culture had retained (through isolation for 
over 8,000 year ) technological element · 
which had once been wide pread over the 
continent everal thousands of year ago. 

Australian , atural H is tor_,. 



------ ----
F ig. I: A germinating ml<;tletoe seed cemented to a ho t branch by a ticky la) er on the eed. The cmerg1ng 
root. in the form of a sucker pad that becomes au ached to the host. de,elops an hautorium \\ hich penetrate 

to the ho t's X) lem ti sue. 

Parasitic Flowering Plants 
By B. A. BA RLO \-\ 

Senior Lecturer in Biologica l ciences. Flinder L1nivcrs ity of outh Au tralia 

WE usually think of Oowering plant a~ 
o ne of the foundations of our food 

web as an aggregatio n of a tt ractive free­
living organi m which quietly and unselfishly 
manufacture the ba ic food material which 
upport all a nimal life. including man. lt 

i sometime surpri ing. then, to learn that 
a large number of flo \\ cring plants ca n be 
broadly clas cd as parasites. 

Most fl owering plants which fall into thi 
category a rc actual ly partial parasites; their 
nutrit ion i normal e cept for some modifica­
tion the) ha\e developed to overcome a 
particular nutritional deficienc) in their 
envi ronment, such as water or nitrogen. 
Torctl para. ites, obtaining all of their food 
material from a n organic source. arc ra re. 

The di\ er ity of pa ra~itic Aov.ering plant­
J al o note\\ orth\. Some belon!l to large 
group which are exclusi el) ~ parasitic. 
Other belong to diver e familie in which 
para 1t1sm ii ra re o r otherwise absent. 
Flowering plant have evolved nutrition 
by para · iti m o n numero us independent 
occa ion , a nd in the proce there ha 
accumulated a wide ra nge of modification 
for para itic life. 

Sepremher, 1967 

The adoption of para iti ·m ha~ a di tinct 
effect on the future hi tory of the pecie . 
Further evolution becomes cha nnelled ; the 
modification of mo t elective value a rc 
tho e which increa c the plant' efficiency as 
a parasi te. The ~pccic often become mo re 
a nd more pecialized for life on a particular 
host specie , and le s likely to live on others. 
There are frequently reduction and elimination 
of structure (~ometi mes, for example, lea ves 
or roots) which no longer carry out their 
origi nal function . Highly pecialized para-
ite:, are thu often highly ho t- pecific. much 

reduced plant with no evol utio na ry escape 
if the normal ho t become unavailable. 

Evol ution for increased efficiency as a 
parasite often in\'olve· reduction in the 
degree of di · turbance eau cd to the ho t. 
sin'"ce the un ival and vigo ur of the parasite 
usual I) depend on the survi\ al and vigour 
of the ho L 

Root parasite 

Root parasi tes a re plant which have 
ab orbing connection (hau to ria) between 
their root:> a nd tho e of neighbouring plant . 
Above the ground, then, there is no evidence 
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or their parasttJC nature. T hey often have 
connection only with the ''ater-conducting 
ti sues (\ylem) of the host. so that they onl) 
obtain \\ater and mineral salt parasitically. 
and manufacture their O\\ 11 food material 
in the u ... ual wa). would be expected, 
uch root para'>ite!l de,elop \ery liule hot 

'lpecificit~. and appear to be abJe to para­
'>itizc a \\ide range of neighbouring plants. 

Root para ·ites ma) be mall herbc; or 
large tree'>: '>ornc '>pccie of Caiadendron in 
South America arc described a reaching 
80 feet. Well-known root parasite in 
Australia arc members of the fa mily Sa nta­
laceae (e.g.. Santalum, Exocarpos), some 
Olacaceae (0/a.r) a nd two pecie of the 
mi tletoe family Lora nthaceae ( uyt ia flori­
humla. the Western Au tralian Christma 
Tree. and A th. insonia ligustrina. a ~mall hrub 
of the Blue Mountains. 1 ew South Wale ). 

ome root para ites lack chlorophyll. and 
arc therefore complete parasite • obtaining 
both water and food material from the ho t. 
The e include e\eral genera of the broom­
rape famil) Orobanchaceae (one ·pecies in 
Au tralia). Probably one of the mo t 
unu ual o f nov.ering plants i Ra.fjlesia. a 
Malesian genu of Ari tolochiaceae, which 
para itize ' grape root . The vegetat ive parts 
of the plant grow entirely with in the ho t 
ti sue , and have become o reduced that 
they re. emble fu ngal thread . The only 
pa rts visible above ground a re the fo ul-
mclling nower . which reach 3 feet in 

diameter in one specie . 

tern para ite 

Stern para ·ite · are more ob\ ious para ite 
in that they develop hau torial connection 
'' ith the · tern of their ho t . Some tem 
para ite tart life a free-li ving terre trial 
plant , but quickly de,elop inro \ine-like 
pla nt and b ... cornc attached to other plant . 
When the ba)al part of the parasite dies off 
the plant remains as a completely aerial 
para~ite deriving ome or all of it' materials 

from the ho t. Plant in Lhi category include 
Devil' T\\ ine ( Cassytlw, fam il) Lauraceae). 
a lca ne~ plant v.ith green tems. which 
obtain on I) '' ater para iricall). and Dodder 
( Cuscwa. famil) Com oh'alaceae). also leaf­
le.., , \\hich ha::. )ello'' -terns and is u total 
para ite. 

The more highl) ::.pecialized · tem parasite.., 
arc those in '~ hich the eeds are modified o 
that they germinate on tree branches. and 
the plant never has a direct connection wi th 
the ground. 1o t parasite of this type 
belong to the family Santalaceae or to one 
of the mistletoe fami lie Lora nt haceac and 
Viscaceae. There are about eventy-flve 
pecics of mi tletoe in Au tralia. 
The eed.., of mo-t mistletoe pecie are 

bird-dist ributed. and ome bi rd . uch a.., 
the Mi\tletoe Bird ( Dicaeum hirundinaceum). 
I i vc in clo. e a ociation with the m i t le toe 
plant, feeding on the fruit . T his bird 
defaecates in such a wa) that the undige ted 
seed fall not to the ground but on the 
branch on '' hich it is perched. A tick) 
la)Cr on the eed cement it to the branch. 
where it germinate pontaneousl). The 
emerging root i highly modified in the form 
of a ::. ud.er pad, which become attached to 
the host. and develop an haustorium , wh ich 
quick ly penetrate to the xylem ti sue of the 
ho t (fig. I). Pa rasi tism is th u e ·ta bl i hed 
in the early eedli ng tage, and the mi tletoc 
eventually become a woody shrub. 

Since the more primitive pecies o f mi tie­
toe and Snntalaceue a re root para ite . it i 
presumed that the aerial para ite evolved 
from terrc~trial root para ite , not from 
non-parasitic epiph) te (pla nts \\ hich gro~ 
perched on other ). T he major tep in the 

' , . 

Fig. 1: Ponion of 
a mbtletoe runner. 
~ha" ing secondary 

huustoria. 
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Fig. J (above): The open leaf of the Venus 
Flytrap, showing the sensitive hairs on the 
inner surface. Fig. 4 (below): The leaf-trap 
closed. showing the interlocking of the needle-

like processes on the leaf margin. 

sequence must have been the modification 
of the embryo or very young seedling for 
rapi EI haustoria! attachment to the host, 
thereby el iminating the need for a normal 
root system in the soil. 

Many aerial mistletoes have "runners", 
which are roots that spread along the host 
bra nch, prod uci ng new haustoria at regular 
intervals (fig. 2). These structures are pro­
bably homologous with the root system of 
a terrestrial root parasite. Evolution in the 
mistletoe has favoured greater efficiency of 
the pri mary haustorium; the run ners with 
their secondary haustoria have disappeared 
in the more advanced species, which have 
only a single highly efficient absorbing 
connection with the host. 

Further evolution in the mistletoes has 
resul ted in increased host specifici ty; some 
species only grow on one or a few related 
host species, to which they are closely 
adapted. The adaptation in the Australia n 
species has often involved the development 
of a close mimicry in the foliage of the 
mistletoe of tha t of its host, so that the 
parasite is well camouflaged. The fu nction 
of the mimicry may be to conceal the plant 
from animals which might feed o n it without 
effectively dispersing the seeds. 

September, 1967 

All mist letoes and most other aerial 
parasites are partial parasites only, taking 
up water and mineral salts from the host's 
xylem. 

Insectivorous plants 
Insectivorous plant grow mostly tn 

nitrogen-deficient soils. They supplement 
their nitrogen uptake by trapping insects a nd 
digesting the nitrogen-rich exoskeleton. The 
nutrition of the pla nts is otherwise normal. 
The mechanisms for trapping insects are 
many and varied. Some involve the luring 
of insects into non-moving traps; others 
catch insects by movements whicb in some 
cases are q uite rapid. 

T here are many species of sundew (Drosera) 
in Australia, all with the same kind of 
trapping mechanism. The leaves are covered 
with long hairs, each with a gland at the tip 
which secretes a sticky, sugary liquid. 
Insects attracted to the leaf a re caught in 
the ticky secretion, enclosed by many of 

Fig. 5: T he leaf of the Pitcher Plant Nepentltes. 
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the hairs a nd digested by enzyme contained 
in the st icky secretion. The bending of the 
hairs over the insect is a chemical re ponse, 
si nce it does not occur if the leaf is irritated 
with a g rain of sand. In the same family 
is the Venus Flytrap ( Dionaea), in which 
insects are caught by a rapid movement. 
T he leaf blade is folded, and on each margin 
is a row of needle-like processes (fig. 3). 
When an insect stimulates one of the sensitive 
hairs on the inner leaf surface the leaf closes 
quickly and the needle-like processes fold 
over and interlock, trapping the insect (fig. 4). 
The mechanism of the timulus transmission 
and movement i not fully understood, but 
the foldi ng is due to the sudden loss of 
water from certain cells at the ba e of each 
proces and along the fold of the leaf. 

In some genera (Sarrarenia, Nepenrhes, 
Cephalotus) there is a remarkable develop­
ment of the end of the leaf into a pitche r, 
sometimes p rovided with a lid (fig. 5). (T he 
lid does not open and shut in order to catch 
insects: it is fixed in a n open po ition and 
p robably serves to keep rain o ut.) I nsecls 
which fall into the pitcher are prevented 
from escaping by downward-directed hairs 
o n the inside of the pitcher, drown in liquid 
at the bottom of the pitcher and are digested. 

Species of bladderwort ( Ulricularia) trap 
insects in bladder-l ike modified leaves, which 
have a trapdoor that prevents the victims' 
escape. Some Utricularia species are aquatic, 
and it is thought that the bladders pump 
out water, causing a reduced pressure inside. 
T he insect is carried into the trap by a 
s udden inrush of water when it stimulates 
sensitive hairs and breaks a surface tension 
bar rier at the entrance. 

[The diagrams in this article are hy the 
author.] 

NEW POST FOR CURATOR 

D r D. F. McMich·.1el. Deputy-Director and 
Curator of Molluscs aL the Australian Museum. 
has resigned to become D irector of the Australian 
Conservation Foundation. He will t:tke up his 
new duties in October. Or McMichael joined the 
staff of the Mu eum in 1948 as a science trainee in 
m01lacology. He studied at Sydney University and. 
later, at Harvard University. where he obtained his 
Ph. D. He was Assistant Curator of M oil uses under 
Joyce Allan and. after her retirement , became 
CuratOr in 1957. He was appointed Deputy· 
Director last February. 
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T H E COLLECTION AN D P RESER VAT ION OF 
I NSECT S . K. R. Norris. Ha ndbook 1\'o. I. 
Austra lian Entomologica l Society, University of 

Q ueens la nd, Brisbane. 34 pp., 8 figs. 1966. 
Price. $1.00. 

This small book describes brieAy the more usual 
time-tested methods used in assembling, preparing. 
preserving. and caring for an insect collection. 
Here the interested amateur and the professional 
entomologist engaged in fields requiring collecting 
as an adjunct to other studies wi ll find described 
methods which. in most cases, requ ire relatively 
little capital outlay and which usually do not 
require materials that are difficult for untrained 
or unqualified persons to acquire and handle. 
In fact , for the person who thinks "I would like 
to make an insect collection" or ·' I must keep these 
insect specimen for future reference" but has 
had no instruction in the matter. this booklet is a 
good starti ng point in the search for information 
on how best to set about it. The methods and 
techniques included are usually easy and of general 
application: with experience a collector may wish 
to modify them to suit himself or his particular 
interest but they are the basic. "traditional" ones. 
T his is not to infer that they are in any way 
unsatisfactorily "old-fashioned'': in any case. if a 
method is "old fashioned" but sti ll in use it usually 
means that it is good enough to have stood the 
pract ical tests of time. Collecting. trapping, and 
transporting specimens are subjects dealt with in 
adequate detail. D ry and wet preservation methods 
are described and a brief section is included on 
each of the subjects of microscope slide preparation 
and field preservation of material to be used for 
chromosome studies. An appendix indicates the 
usual methods of presen ing specimens of each order 
of insects. The short list of references will be a 
lead for those wishing to look up more detailed or 
more specialized techniques. 

Much energy and time are spent by collectors. 
especially in their first enthusiastic efforts; quite 
often these efforts, although satisfying initial!). 
are found to be largely wasted because of fault\ 
techniques due to ignorance. In some case-s 
attention to a detail would ha\C made the difference 
between a useless specimen and a worthwhile 
::ontribution to knowledge. This can be avoided 
simply by knowing the correct basic technique and 
requirements before setting out. These a re des­
cribed in this booklet. 

The Australian Entomological Society is a young 
society and it is to be congratulated for sett ing oA· 
on the right road with this, its fjrst. publication 
attending to first things first, namely, to instruction 
on the making of an insect collection. it is to be 
hoped that in the future it will provide the more 
advanced works which will be needed by those 
who make use of it first publication wisely and 
weii.-C. S. Smirhen. 
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The 
Australian Museum 

The Mu eum i open free, daily, at. the following times: T ue day 
to Saturday and public holidays 10 a.m. to 5 p.m.; Mondays, 
12 noon to 5 p.m. (during school holiday 10 a.m. to 5 p.m.); 

unday , 2 to 5 p.m. It is closed on Good Friday and hri tmas 
Day. 

To teacher and pupils of chools and other educational organiza­
tions special facilities for study will be afforded if the Director is 
previously advised of intended visits. A trained teacher is available 
for advice and assistance. 

Gifts of even the commonest specimens of natural history (if in 
good condition) and specimens of minerals, fossils and native 
handiwork are alway welcome. 

The office is open from 9.30 a.m. to 1 p.m. and 2 to 4.30 p.m. 
(Monday to Friday), and visitors applying for information there 
will receive every attention from Museum official . 

College St., Hyde Park, 
Sydney 

\\'holly set up and prin ted in Austr.tlia fo r the proprif•tor.,, The Tm\1<'1·~ or the .-\mtralian Museum, 
hy V C. N. Bh~ht, G overnment Pnntcr. Sydne). :0.. ~ . W. 


