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Diagnosing vascular
 
disease by ultrasound
 

MONASH medical researchers are 
developing a promising new technique for 
the diagnosis and early detection of 
vascular disease of the lower limbs - 8 

painful and debilitating condition caused 
by impaired blood flow as a result of 

rrowing of the arteries. 
About 25 per cent of people with this 

condition may benefit from some form of sur
gical "plumbing" (a by-pass operation or sur
gery of the end-artery), but in some cases 
amputation of the affected limb is necessary. 

With early detection and a modified 
lifestyle it may be possible to prevent an 
occlusion in some cases. 

The Monash research, which is being done 
in the department of medicine at Prince 
Henry's Hospital. involves the use of 
reflected ultrasound (high frequency sound 
waves of about 10 million herz). When ap
propriately processed. the ultrasound 
information gives the physician a 3
dimensional image of the blood flow in the 
affected arteries as well as enabling an 
assessment to be made of the state of the 
arterial wall. 
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A probe which emits the ultrasonic weves 
is held against the skin over the arterial 
segment under study . Sound waves of a 
single frequency are emitted from one 
section of the probe and are introduced into 
the tissues by a coupling gel spread between 
the probe and the skin. Reflected sound 
waves from the tissues are collected by 
another section of the probe and analysed by 
special equipment. 

Dr. Geoff Matthews, of the Monash 
department of medicine. who is leading the 
research team, seys the only other practical 
method available at present for assessing 
artariss is angiography. an x-ray technique, 
which is not without risks. In the angiography 
technique, an iodine compound. which casts 
an " x-ray shadow", is injected. into the 
suspect artery immediately before the x-ray 
film is exposed. 

Angiography, he says, enables the surgeon 
to locate a blockage or narrowing of an 
artery . But. unlike the ultrasound technique, 
it cannot give information about variations in 
blood flow and turbulence. which may 
indicate that a person is in danger of 
develop ing the disease. 

Peripheral vascular disease, as it is called 
by doctors. is a disease of the major trunk 
and distributing arteries, Matthews says. Fat
ty deposits form on the arterial lining, leading 
to atherosclerosis (thickening and hardening 
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of the artery walls) . The principal effects of 
this process are narrowing of the channel of 
the affected artery. with impa ired circulation 
beyond . 

It is essentially a male disease. he says. 
Ninety per cent of cases are male, and it is 
uncommon in people who don't smoke. 
Other risk factors are high blood fat levels. 
obesity and high blood pressure . Patients 
usually present with severe pain in limb 
muscles (most frequently the calf muscle) 
whenever they walk. climb stairs, or exercise 
the affected limb . The pain is relieved when 
they stop, but recurs when they exercise 
again. 

This pattern of symptoms. he seys. is 
known as intermittent claudication. The pain 
is the result of an inadequate blood supply to 
the muscle as a result of progressive 
narrowing of the artery channel as fatty 
deposits and secondary blood clots build up 
on the arterial wall. 

" How ever, symptomatic patients are really 
the smaller proportion of all those people 
with arterial disease." Matthews says. 'T he 
difficulty is to detect arterial disease and 
monitor it. and try to avoid an occlusion by 
chang ing the patient's lifestYle." 

With the ultrasound technique, clinicians, 
in principle. now have a simple. quick (it 
takas 10 minutes), safe. noninvasive, and 
quantif iabla method of obtaining this 
information. 

Using the Doppler principle Ithe alteration 
in frequency of sound waves reflected from a 
moving target], they ere able to produce a 
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How the 
brain maps 
objects in 
space 
ONE of the more bizarre conditions 
involving human brain dysfunction Is 
" hemlneqlect ." 

It usually involves damage to the right side 
of the brain (the right hemisphere), and in 
severe cases the patient. in the early stages 
at least , may behave as if the opposite side of 
the body does not exist. 

The patient may shave. groom or dress 
himself or herself only on one side of the 
body (usually the right). leave food uneaten 
on one side of the plate. write towards the 
edge of the page leaving the other side blank, 
and draw a clock face with the numbers on 
one side only . 

When bisecting a line. a patient with this 
kind of right hemisphere damage may place 
the division far to the right of the true 
midpoint. leaving a greater extent to the left 
than to the right. 

Until recently, this phenomanon was 
interpreted largely in terms of the way 
information is directly transmitted from the 
sense organs to the brain. 

Information from the right hand or right 
ear is normally relayed mainly to the left 
hemisphere of the bra in. Conversely, 
information from the left hand or left ear is 
mainly transmitted to the right hemisphere. 
The two hemispheres are connected by a 
bridge of nervous tissue called the corpus 
callosum. 

The crosslnq-ovar process in vision is 
more complex. Receptor cells in each eye are 

Continued from Page 1 Ultrasound diagnosis 
stereophonic image of the to-and-fro 
movement of the blood in the artery, With a 
spectrum analyser the wave form can be 
converted to a 3-dimensional visual image . 
which can be further ana lysed for evidence of 
turbulence caused by narrowing of the 
arteria I channel . 

Further computer processing of this 
spectral analysis permits quantification of 
resistance to flow (narrowing) both above 
and below the area being examined. Ad
ditional information on the stiffness of the 
arterial wall can also be obtained. 

Matthews is testing the ultrasound 
technique on hospital patients and others 
referred to the dapartment who are at specia I 
risk. These are people who already have a 
history of vascular disease. They have had a 
minor stroke. chest pain, heart attack or 
claudication. 

About 20 per cent of those who have 
symptomatic coronary disease . he says. also 
have symptomatic per ipheral vascular 
disease . Many more probably have the 
disease at an asymptomatic stage. In some 
of these cases it may be possible to prevent 
occlusion by modifying lifestyles. 

Matthews warns that the ultrasound 
technique is not a substitute for angiography. 
which best defines structure. The new 
technique , which defines artery function, is a 
complementary diagnostic tool. and it is still 

MONASH REVIEW 

at the validation stage . Clinicians are at 
present not familiar, in more than very 
general terms, with the use of the functional 
information this form of investigation 
prov ides. The information gives an additional 
perspective to the assessment of vascular 
disease. 

There is "no accurate definition of the role 
of th is technique in the routine investigation 
of arterial disease " at this stage, Matthews 
says. but it would seem to fill the greatest 
need in the early stages of vascular disease 
and in areas where symptoms are less clear 
and unwarranted risky investigations can be 
avoided 

Limb pain can be caused by spinal 
problems. muscular and joint disease such as 
arthritis, and neurological problems. as well 
as vascular disease, he points out. The 
ultrasound diagnostic technique should be 
able to exclude vascular disease as the cause 
of symptoms in cases such 8S these . 

Matthews is collaborating in the research 
with Mr Ken Myers, a senior lacturer in the 
Monash department of surgery at Prince 
Henry 's Hospital. They have been assisted by 
Dr Dan Stroud. physicist at Prince Henry's 
Hospital, and at various times by biophysics 
students from the Swinburne Institute of 
Technology. 

Matthews' research is supported by an 
NH&MRC grant. 
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An experimen t designe d 10 inve stigate le ft/righ t d iff erences in perception. The sub ject (above). 
whose body is restra ined t rom lat eral movement and whose lowe r vision is obscu red by gogg les, 
attemp ts to match the leng ths 01 the two pro truding end s 01a rod, inserted into a short section 
of pipe centred upo n her midli ne. When th e task is oertormed, either with th e arms cross ed (as 
here) or uncrossed, the length to the left is underes timated. 

normally segregated so that one group 
responds to events to the right of central 
fixation. The other group is responsible for 
what lies to the left. The nerves partially 
cross over in the brain so that information 
from the left field of view of both eyes is 
relayed to the right hem isphere, and 
informat ion from the right field of view of 
both eyes is relayed to the left hemisphere. 

Thus damage to the right side of the brain 
would affect receipt of information from the 
left side of the body. Similarly, the well
established superiority in normal people for 
processing verbal information presented to 
the right visual field and right ear, over the 
left visual field and ear, has been explained in 
terms of preferential access of sense recep
tors of the right side of the body to the left 
side of the brain , where language processes 
are largely mediated. 

However, recent research by a Monash 
team , led by Dr John Bradshaw (psy
c hologyl and Dr Norman Nettlston 
(education) , suggests that the explanation for 
the phenomenon lies not so much in the 
physical disposition of the sense receptors. 
but in the way the brain perceives objects 
(including the limbs or the body) as being to 
the right or to the left of the mid-line in 
space. 

'T he brain is not so much processing what 
is impinging directly on the body surface:' 
Bradshaw says. "It is building a 3
dimensional map of space, modelling it and 
preparing responses to stimuli which are like
ly to come from one or other direction," 

If that is so, the research has Important 
implications for the rehabilitation of 
" hemineglect " patients. The phenomenon, 
according to this view, has to be considered 
in terms of the patient's 3-dimensional map 
of extracorporeat space "out there". rather 
than simply in terms of "what is happening in 
the immediate vicinity of the receptors." 

Continued On Page 3 
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Continued from Page 2 

The research also has important 
implications for education. Nettleton points 
out . as certain children may have great dif
ficulty in developing a clear body concept and 
corporeal and extracorporeal relationships in 
general. 

The Monash experiments. conducted by 
Bradshaw and Nettleton. and research 
assistants Greg Nathan, Lyn Wilson and 
Karen Spehr. graduate student Jane 
Pierson and honours student Vivian Burden, 
were designed to investigate left/right 
differences in perception, and involved the 
senses of vision. hearing and touch (both 
direct touch and reaction time to the 
detection of a vibrating stimulus delivered to 
a finger) . In some of the tactual studies one 
hand was used; in others both hands . 

In one experiment. for example, student 
subjects were asked to position with one 
hand an unseen , movable ring along a lower 
horizontal rod so as to reproduce a length 
marked off on a similar. visible. upper 
" lOrizontal rod. The two rods !visible and felt) 
were always on the same SIde of the body 
leither both left. or both right). and the 
subjects used the left or right hand either in 
its own "hemispace" or in the opposite 
" hemispace" . In the latter case the arm 
crossed the midline. 

The experimenters measured the overall 
accuracy on either side and also whether the 
subjects tended systematically to over-or 
underestimate on One side relative to the 
other. In other studies vertical rods of varying 
lengths were used. or the subject moved a 
rod through a short section of pipe placed at 
the midl ine until the two protruding ends of 
the rod were tactually judged to be equal in 
extent. 

Twelve adults, blind since childhood, were 
used in one study aimed at detecting 
left /right " hernlspace" differences in Braille 
reading . In another. three and five-yeer-old 
children were asked to match the texture of 
samples of textiles, using the same or 

l 1pposite hand (for initial feeling, end for 
'--'subseq uent testing) with each hand 

positioned either in its own or opposite 
(across the bodv) "hemispace" . 

Bradshaw says the various studies show 
that tactual judgments of extent or texture 
may be made more accurately when they 
take place to the left of the body mid -line, 
even when mediated by a right hand which 
crosses the midline to the left side, There is 
also a strong tendency to underestimate 
extents either by the left hand compared to 
the right, or by either hand when positioned 
in left "hamispace", as compared to right. 

Conversely, button press react ion time 
responses to fairly strong vibrotactile 
stimulation are faster when they take place 
to the right of the midline. whichever hand is 
used for responding, and whichever hand (or 
"hemispace") receives the stimulation. 
However with weak st imulation [i , e. stimulus 
uncertainty) the " hemispace" wherein the 
signal is received becomes more important 
than the one where the response is in itiated. 
and again the left "hemlspace" tends to 
become predominant. 

The effects in all cases either d isappear or 
are greatly attenuated when the subjects 
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In the experiment abo ve, the subject perceives a vtb ro tec tit e s ti mutus on the fo refinger al one 
hand and responds b y p ressing a bu tton with the forefinger of the other. The two hands are 
placed o n one si de 01 the bod y (p ic tured teft) or on opposite sides (pic tured right) with the arms 
eith er cro ssed or unc rossed. Performance is faster when either respond ing hand (left or right) lies 
to the righ t of the bo dy. The subject's eyes are fixed s traight ahead and she wears earphones 
which p resent wh ite noise to mask po ssib le auditory cues. 

make a 90 degree head turn to the left or 
right. This indicates, Bradshaw says, that ex
tracorporeal space "is probably more than 
the mere algebraic sum of head and body 
components." 

The texture matching task with children. 
as well as demonstrating that either hand is 
better When tested in left rather than right 
"hernispace". also showed that the younger 
group had great difficulty in matching across 
the midline. as compared with when the in
ital and the test samples were both 

'The effects either disappear or 
are greatly attenuated when the 
subjects make a 90 degree head 
turn to the left or right: 

presented in the same "hemispace". This 
behavioral demonstration confirms what is 
known about the slow course of development 
of the inter-hemispheric nerve fibres during 
early childhood. 

To determine what happens when 
subjects have to contend with ambiguities in 
a sound source , Bradshaw, Pierson and 
Nettleton designed an experiment in which 
three loudspeakers were used. Two were 
genuine. One of them was placed directly in 
front of the listener, another directly behind 
him to create uncertainty as to the direction 
of a series of verbal signals. The subjects 
were timed in repeating back these 
messages . 

Object of the experi ment was to 
determine whether there would be superior 
performance when a visible dummy 
loudspeaker (believed by the subject to be 
operative) was placed 90 degrees to the right 
rather than to the left. 

The subjects sawall loudspeakers and 
were told that they were all in use (though 
afterwards. in fact, some subjects even 
claimed that only the dummy loudspeaker 
was operating. a ventriloquism effect which 
resulted from "visual capture of ambiguous 
auditory stimulation") . 
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Eleven of the 12 subjects produced faster 
performances when the dummy loudspeaker 
was placed to the right. 

This finding indicates. Bradshaw says. that 
it is the perceived position of a sound source, 
rather than its actual position or the ear 
through which it is heard. that determines the 
behavioral asymmetries. 

As with the tactual and vibrotactile 
experiments, 90 degree head turns to left or 
right destroyed the auditory " harnispace" 
effects. Neither head nor body "hemispace" 
on its own (as determined by the position of a 
single sound source with respect to the body 
or the turned head alone) produced the right 
bide superiority which was found when head 
and body axes were aligned and there was a 
single sound source to left or right. 

Bradshaw says that although only normal 
subjects were used in the studies, the 
techniques developed for the experiments of
fer, for the first time , a way of quantitatively 
assessing the extent of "hemineglect" in 
brain-damaged patients. Until now. it has 
been described only qualitatively. 

"Indeed," he says. "the techniques are 
sufficiently sensit ive to permit the detection 
and assessment of possibly sub-clinical 
symptoms of right " hemineglect" caused by 
injury to the left hemisphare of the brain - a 
syndrome rarely reported. though the reasons 
for this would constitute another story. 

" Similarly. we can now accurately assess 
any residual deficits which may otherwise 
persist sub-clinically after the earty acute 
phase of the syndrome has passed and the 
patient has apparently recovered," 

This phase of the research is supported by 
an annual $20.000 ARGS grant. Similar 
support has now been raceived for 14 years . 

Results from the presant series of 
experiments wilt be presented to the 
Australasian Brain Research Conference in 
New Zealand and to a seminar at the Univer
sitv of Queensland later this month 
(Septemberl, Five journal articles on the 
research are in press. 
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The search for
 
Neptune's rings
 

ON June 16 last, astronomers throughout infra -red by Dr Dave Allen who used the 
the world. Including a Monash team. 3.9 m Anglo-Australian telescope at 
turned their telescopes on the planet Coonaberabran, and by observations at op-
Neptune as it passed in front of a distant tical wavelengths by the National 
star. Aeronautical Space Agency's Kuiper 

The occultation gave astronomers a rare Airborne Observatory. wh ich discovered the 
opportunity to test the controversial claim of rings of Uranus in 1977. 
Dr F. Guinan. of Villanova University. Penn- All except the Mt Stromlo group had good 
sylvania, that Neptune, like Jupiter, Saturn viewing conditions, and none report ed any 
and Uranus. has a ring system. sign of moons or rings . 

The occultation was of particular interest Prentice says the team at Coonabarabran 
to Monash mathematician Dr Andrew observing the occultation at infra-red 
Prentice. who. with Dr O. Ter Haar, of wavelengths detected " a couple of 
Oxford University. argued in February. 1979 'glitches' " in their record. But the "glitches" 
that Neptune could not have any naturally could not be attributed to a ring as they 
formed moons or a ring system. because. appeared on one side of the planet only and 
during its formation , it did not acquire a gas- were not observed at all by the other teams 
eous envelope from which such moons or which were observing in ideal conditions. 
rings could condense . The "glitches" , he says, "could have been 

Neptune does possess two known moons. caused by high cirrus clouds which 
Triton and Nareid. These moons, however. attenuated the signal." Cirrus clouds were 
move in highly irregular orbits, lying far present at one point in the experiment. 
outside Neptune 's equatorial plane. As such Observations by the University of Arizona 
they are believed to be captured bodies . group in Tasmania suggest that Neptune is 

Heavy cloud thwarted the attempt by either larger than at present thought or there 
Monash astronomers Dr Denis Coates and is " some very unusual cloud structure around 
Dr Keith Thompson to observe Neptune, but its equator." 
for most of the other observers conditions Prentice says the team found that the 
were ideal. and all reported negative results occulted star took "about a minute or so 
- in line with Prentice's theory . longer than normal" to reappear from behind 

Neptune does not appear to have either Neptune. The obstruction, whatever it was, 
equatorial moons or rings, was too close to the planet to be a moon or a 

Prentice says several observation teams ring. 
from the University of Arizona were 

Neptune is so far away astronomers can strategically placed in Indonesia . Australia 
barely resolve its disc. It is also covered withand New Zealand as a precaution against 

unfavorable observation cond itions. clouds of methane . 
One of the University of Arizona groups The Voyager encounter with Neptune in 

operated at Mt Stromlo, another at Alice 1989 should put the question beyond doubt. 
Springs, and a third , led by Professor Tom Photometry on the Voyager spacecraft 
Gehruls. of the University's department of should show conclusively whether or not 
lunar and planetary sciences, used the there are rings . 
University of Tasmania's one metre telescope Prentice's theory of the origin of the solar 
at Mt Romney, near Hobart. system , which is based on a theory put 

The University of Arizona observations forward by Laplace 170 years ago, received 
were complemented by observations in the encouraging support from data transmitted 
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The Voyager encounter with Neptune should put tne question of Neptune 's ri ngs beyond doubt. 
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A diagrammatic vie w of the planet Nep tune as 
seen from Earth du ring Jun e, 1983. The 
drawinfl, prepared b y Dr Keith Tho mpson and 
Dr Denis Coat es, shows ho w nn gs In the 
otenet 's equa torial p lane wo uld appear i f tne v 
exist. The rings woufd have rad ii twice an~ 
tbree times that of Neptune. The dashed fine 
sho ws the occulted s tar pass ing behind 
Nep tun e, as seen fro m Melbourne. 

to earth by Voyager during its encounter with 
Saturn . 

New masses for the Saturnian moons 
Iapetus, Rhea and Tethys were derived from 
Voyager trajectory measurements. The new 
mass of Tethys led to a revised estimate of 
Mimas' mass. As predicted by Prentice . the 
new measurements showed a mass for 
Tethys 21 per cent greater than that derived 
from ground-based measurements. 

Prior to the Saturn encounter it was 
thought that the density of Saturn 's regular 
moons decreased the closer the moon was to 
the planet. 

As a result of the new measurements, it 
now seems there is a tendency - as 
predicted by Prentice - for Saturn's moons 
to increase in density the closer the moon is 
to the planet. as is the case for the satellites 
of Jupiter. 

The " odd moon out " in this neat 
arrangement is Dione. but there is some 
dispute about Dione's mass, which was nr 
measured by Voyager and has beer. 
estimated from ground-based 
measurements. 

Prentice maintains that if Diona 's mass is 
found to be 15 par Cent less than the present 
estimate it too wi II "toe" the Prentice line like 
Saturn's other regular moons. Mimas. Tethys, 
Rhea and Iapetus. 

He is confident that a Space Telescope 
study of the motions of the "captive" minor 
moons. Dione A and Dione B, which are in 
the same orb it as Dione. should provide, 
within the next few years, an independent 
estimate of Dione 's mass. 

According to the information transmitted 
by Voyager, Saturn has 17 moons and a 
complicated ring system. 

The existence of these 17 moons is 
consistent with his theory. Prentice says. 
However, the complicated ring system. he 
argues. is the result of the planet's evolution 
since the time of its formation, and as such is 
not relevant to his theory . 

Prentice hopes to return to NASA's Jet 
Propulsion Laboratory at Pasadena. Califor
nia for a couple llf months early next year to 
continue his analysis of Voyager data. 
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Coping with ecclesiastical change
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IN 1969 the Superiors of all 
Benedictine-based Catholic communities 
in Australia and New Zealand agreed un
animously to form BUnion. 

The step was taken during the period of 
relig ious and social change which followed 
the Second Vatican Council (1962-65). 

The Benedictine Union brought together a 
number of diverse relig ious communities. 
whi ch. although aU followed the Rule of St 
Benedict, differed in historical origins and 
development, structure of government, and 
most importantly, lifestyle. 

Some were closed. contemplative or 
monasti c commu nities. Others were 
Apostolic communities founded for a par
t icular type of work. such as education. 

As all had a hierarchical system of 
authority, which functioned on the basis of 
consensus and conformity, it might be 
vssurned that once their Superiors had 
ccepted the Union. members' react ions 

would be similar. 
Such was not the case, according to Dr 

Robyn English. a Ph.D. graduate in the 
Monash department of anthropology and 
sociology , who has [ust completed a 
comprehensive socio-historical study of 
seven Benedictine based communities in 
Austral ia and New Zealand and the reactions 
of their members to organisational change. 

Her study traces the history of the 
Benedictine movement in Australia and New 
Zealand and gives a rare glimpse of the life
style of members of the various commun ities . 

As part of the study. she lived as a guest 
w ith the various communities. and took part, 
as far as possible , in religious observances. 
She conducted lengthy interviews with com
munity officials and administered 
questionnaires to the 155 members who 
took part in the study. 

She tound that while about 28 per cent of 
1e commun ity members were highly 

enthusiastic and a further 27 per cent were in 
favour of the Union . about 27 per cent were 
apprehensive and sceptical and nearly 17 per 
cent were completely opposed to the Union . 
Members did not necessarily follow the lead 
of their hierarchy. 

The Union held varying significance for 
community members. 

Nearly 17 per cent of members saw the 
Union as a way of providing the opportunity 
for social contact and the chance to develop 
friendships. 

More than 19 per cent saw it as a means 
of providing the opportunity for members to 
discuss the Rule of St Benedict. its historical 
relevance. its role as a framework for com
munity life and its applicability to the modern 
world. 

A similar number saw it as a means of dis
cussing the changing nature of religious life 
and the role of the religious community in a 
changing social milieu . 

More than six per cent. on the other hand. 
saw it as a threat to their community identity 
and contentment: more than 22 per cent saw 
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One o f the Ben ed ict ine-beseti Cath ol ic 
com munit ies in Australia an d New Zealan d 
wtuc n ag reed in 1969 to form a Union . (Righ t) 
Rob yn English, Ph.D. gradu ate in anthrop ofog y 
and sociotoqv, who has s tudied their 
memb ers ' reactions to organi sat io na l chan g e. 

it as a waste of time and neartv 15 per cent 
thought it unworkable because of the diverse 
lifestyles of the various communities. 

Members differed sharply also in relation 
to possible change within their community. 

Nearly six per cent expressed f irm 
opposition to any change : 16 per cent said 
that While community activities and concerns 

'Members did not necessarily 
follow the lead of their 
hierarchy. r 

might occasionally be reviewed. they Should 
ramain essentially unchanged. Fifty-one per 
cent saw change as inevitable; 1.3 per cent 
welcomed it. stating that if their community 
was to be seen as relevant . it needed to con
stantly relate and respond to the social and 
cultural environment of the secular world. 
More than 25 per cent saw adaptation and 
constant renewal as vitally important for 
community survival. 

There did not appear to be a strong 
relationship between members' views of 
change within their community and the 
significance the Union had for them . 
However. those who expressed firm or 
strongly qualified opposition to change 
within their community tended to interpret 
the Union in terms of its social significance. 
while those who adopted a more "open" ap
proach. tended to define the Union more in 
terms of its "change" and "rule" significance. 

English says the reaction of members to 
the Union and to change appeared to be 
shaped by background factors such as level 
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of educat ion. sex. the type of interaction 
preferred. members' perceptions of others. 
and the type of community to which the 
member belonged . 

However. background factors alone were 
not suffic ient to explain their reactions. she 
said. She believes their reactions can be 
more fully understood as an interaction 
between background facto rs and the 
significance the Union had for members 
whether they saw it as a threat. as a waste of 
time . or as an opportunity for social contact. 
for example. 

Although the study was undertaken within 
a religious setting. she believes it has 
relevance to other social organisations. 

"In order to survive. groups. associations. 
federations or unions rely on a certain degree 
of member consensus. harmony and com
mitment:' she says. 

"If these features are to be maintained. it 
seems important for those making decis ions 
and planning to be aware of the way 
members react to change ." 
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Small is 
beautifu I 
when food 
is scarce 
RECENT research by Monash zoologist Dr 
George Ettershank and Dr Tom Ikeda, of 
the Department of Science and 
Technology's Antarctic Division. Kingston. 
Tasmania, has overturned existing Ideas 
on the life cycle of krill, the tiny crustacean 
found in the AntarctIc. 

Their findings have important implications 
for harvesting practice. 

Krill , perhaps the world 's largest untapped 
source of protein. is being trial harvested on 
the assumption that it lives for several years, 
growing larger each year. The larger the krill. 
the older it is. according to this growth 
model. 

This growth model . which has been con
ventional wisdom for more than 60 years, 
has been challenged by Ettershank and 
Ikeda. who have shown that size is an 
unreliable indicator of krill's age. 

In experiments conducted while he was at 
the Australian Institute of Marine Science at 
Townsville, Ikeda found that krill, kept in 
filtered seawater for as long as 211 days 
with no food. survived as well as those on a 
diet of fish food. and better than those fed on 
microalgae. They continued to moult but 
became smaller and smaller. 

The experiments confirmed earlier 
observations by Doctors Mary McWhinnie 
and Charlene Denys. of De Paul University. 
Chicago. They kept krill in seawater tanks in 
their Antarctic laboratory. observed such 
negative growth and noted a reversion to a 
juvenile-like form , They saw that krill fed on 
anything available - phytoplankton. 
zooplankton. dead and dying krill and even 
flakes of paint in the tanks . They 
hypothesised that krill probably lived for 
several years through successive cycles of 
annual breeding followed by reversion . 

The picture that has now emerged is that 
krill do not store up energy reserves in their 
tissues to see them through the winter. but 
simply grow smaller and smaller with the 
onset of winter. reverting to a juvenile. sex
ually immature stage. With the approach of 
the Antarctic summer they eat. grow and 
reproduce again. reverting to the juvenile 
stage once again when the cold weather 
arrives. This cycle can be repeated several 
times in the life of an individual krill, 

Using age pigment analysis as a measure 
of physiological age. Ettershank and research 
assistant Sue Darby have taken the research 
a step further. They have shown that size is 
not an indication of age and have found that 
adult krill live for much longer than expected 
- as long as five years after attaining sexual 
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maturity. As the juvenile stage is presumed 
to last two years. this means that krill have a 
life soan of up to seven years. 

To determine the age of the tiny 
crustaceans. Ettershank and Darby used a 
technique which Ettershank developed last 
year for estimating the age of insects , 

It involves measuring the level of 
fluorescent pigments. called lipofuscins, 
which gradually accumulate in cells as a by
product of metabolic processes. Th is 

'Adult krill live for much longer 
than expected - as long as five 
years after attaining sexual 
maturity. ' 

technique. which has been used successfully 
by Ettershank to estimate the age of flies. is 
based on the fact that lipofuscin levels 
increase with age. 

This assumption was borne out in the krill 
research. 

Ettershank and Darby used the technique 
to determine the ages of adult female krill 
obtained during the 1981 cruise to Prydz Bay 
by scientists of the Department of Science 
and Technology's Antarctic Division. The krill 
had been fixed in formalin and stored in a 
buffered solution . 

They found that the adult krill survived for 
up to five years. Seventy per cent were in 
their third and fourth year of life . The older 
year groups did differ morphologically from 
the younger. involving a subtle increase in 
size and a consequent increase in mass, but 
the relationship was not a simple one, As 
expected. body size started to diminish 
toward the end of summer. 

Analysis by Ettershank of krill data 
obtained by a Polish scientist. Dr Ryszsrd 
Stepnlc. of the Institute of Ecology. Polish 
Academy of Science. confirms his Prydz Bay 
findings. He is seeking Stepnic's complete 
data far fu rther analysis. 
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Looking west along the ice edge to Auster, Antarct ic DIVision photograph by t. Thomas. 

" I believe we are now in a position to 
propose a model of the biology of krill which 
conforms with all the data accumulated to 
date:' Ettershank says. 

"Around the Antarctic continent. there are 
a series of enormous oceanic vortices. many 
hundreds of kilometres in diameter. called 
gyres. These revolve slowly in a clockwise 
direction, one complete rotation probably 
taking about a year. 

" In summer. great swarms of krill are 
found on the western end of these gyres. The 
eggs are released there and sink below the 
swarms. a unique adaptation of krill eggs to 
evade predation by their own species, By the 
time the eggs have hatched and the larvae 
have regained the surface, the current has 
swept them far away from the main 
aggregation of krill. 

"When the pack-ice starts to grow OVf> 

the oceans primary production of th . 
phytoplanktonic algae virtually stops. The krill 
swarms disperse. cleaning up any remaining 
algae and other food, while continuing to 
moult and regressing to a juvenile-like form , 

"As they are opportunistic feeders. the krill 
probably eat any suitable food that comes 
their way . including any dead krill. In this 
way . they come to be spread out under the 
pack-ice. with many drifting slowly north in 
the gyre. 

"In spring," he suggests. "the pack-ice 
starts to break up. In addition to the 
phytoplankton growing in the sea, there is 
the bonus of ice-algae released from the 
melting pack. The krill concentrate along the 
leading edge of the pack, which is where 
whaling records show the great whales 
congregated to feed on the dense masses of 
krill. 

"As the pack retreats. so do the krill. By 
early summer they have followed the 
retreating ice-edge back to the shoreline . 
having attained full growth and sexual 
maturity. They tend to form swarms lying In 
perallel with their heads pointing In the 

Continued On Poge 7 
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same direction. The swarms alternately 
travel and feed." 

Ettershank believes the swarming 
behavior may be partly defens ive. But its 
main function, he believes, is to ensure " the 
congregation of the breeding stock into a 
single area, the western end of the gyre." 
There the swarms can swim slowly against 
the current maintaining their position with 
the current bringing food to them. 

There is some supporting evidence for this 
scenario, he says. Net samples have shown 
that juvenile krill predominate on the eastern 
side of the gyre investigated by the Antarctic 
Division, and samples taken in early 
Dacember in Prydz Bay (before the pack-ice 
has retreated) gave enormous yields where 
sonar did not show krill to be present. This 
suggests that though krill were present in 
great numbers. they were not in swarms. 

How does such a model help in planning 
exploitation of Antarctic krill? 

Any harvesting plan must preserve the in
tegrity of the krill population, Ettershank 
'avs. 

If their integrity is to be preserved , much 
more information on the biology of krill is 
needed to estimate replacement rates, obtain 
better estimates of "standing crop ". and 
obtain more statistics on the rates of 
predation by the many species that depend 
on the crustacean as a food source. 

If his model is correct he says, present 
estimates of krill populations will need to be 
drasti cally revised. 

Present estimates are based on the 
assumption that krill swarms are more or less 
evenly distributed beneath the ice and are 
not concentrated along the edge as 
postulated in his theory. 

If krill is to be exploited as a food source, 
should it be harvested directly? There are 
animals that have evolved over the millenia 
to harvest krill - why not harvest them? 

Collapse 01 sect ion of the S~rsda l Gla cier tongue. The he ight of pea k to water is approximately 30 
metres. Antsrctic Div isio n phot ograph by R. Reeves. 

Direct krill harvest has problems. Et
tershank points out. Although the present 
crude estimate of the "standing crop" of krill 
is of the order of 125 to 6000 million tonnes, 
the animals are scattered and are only found 
in dense swarms during the brief Antarctic 
summer. 

When they are in swarms they can be 
netted. but the nets have to be of fine mesh 
and require very powerful trawlers to operate 
them. The krill also spoil very quickly, so they 
must be processed as soon as they are 
landed . 

An attractive alternative strategy, he says, 
is to allow the natural predators to do the 
harvesting. Squid should be the first species 
to investigate, he suggests , but there must be 

adequate research to ensure that an op
timum harvesting rate is set. 

Another possibility. he says, is the culling 
of some species, such as the crab-eater seals 
that have increased with the decline of 
whales. This might enable the near-extinct 
baleen whales to recover , he points out. 
provided there is an embargo on all further 
whal ing. 

The best approa ch, he believes , would be 
a balanced one - a soundly-based mixture 
of krill and predator harvesting. 

Ettershank's research . which is being 
published in the Journal of Crustacean 
Biology and Polar Biology, is funded by a 
Monash Special Research Grant. the Ian Pot
ter Foundation and the Sunshine Foundation. 
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Study urges National Centre to fight
 
I

corrosion
 
A feasibility study just released by the 

Monash department of materials 
engineering recommends the 
establishment of a national centre to fight 
the ravages of corrosion. 

The study. funded by the Federal 
Government and conducted by Associate 
Professor Brian Cherry and Dr Brian Sker
ry. with the assistance of a panel of corros ion 
engineers and other experts . estimates that 
such a cent re could save the community as 
much as $2000 million a year. 

The corrosion problem is not just a 
question of rust on motor cars and galvanised 
iron. the report points out. The direct and 
indirect costs of corrosion to industry are 
enormous and the results. both socially and 
economically. can be alarm ing. Corrosion can 
cause pipelines to rupture . industrial plant to 
fail. buildings to deteriorate and aircraft to 
crash. 

An example of the sort of thing that can 
happen is the rupture in July last year. by 
stress corrosion crack ing. of a pipeline which 
conveys natural gas from Moomba in the 
Cooper Basin to Sydney. The rupture 
threatened to interrupt the ent ire flow of gas 
to Sydney and the rest of NSW. More than 
800 tonnes of gas was burnt and 
considerable damage was caused by the 
explosion . Fortunately. no one was injured. 

By the time world corrosion experts were 
able to reach the scene to invest igate the dis
aster. Cherry says. the pipel ine had been 
repaired and the gas supply restored . The 
incident, he says. underlines the need for a 
National Corrosion Centre. with resident 
experts who can fly in quickly to trouble 
spots . 

The feasibility report says the proposed 
Nat ional Centre for Corrosion Prevention and 
Control should be funded. at least part ially, 
by the Federal Government. It should have 
consultative. research and educational 
facilties. but it should not " supplant nor dis
place" pre-existing corrosion mitigation 
facilities. 

It would act as a first point of reference for 
corrosion inquiries from both the general 
public and industry. It would provide 
independent consulting services only when 
the facilitiE1S we re not available elsewhere. A 
charge would be made for such services. 

The report stresses that the National 
Corrosion Centre should be free of either in
ternal or external cornrnsrclel bias. It should 
have no links with any commercial 
organ isation and should not be seen as an 
"extension of any academic institution or 
government laboratory." ' 

However. because of its long-term 
research role and its need for access to the 
highly sophisticated equipment needed in 
this type of research. the panel believes the 
Centre should be located close to a high 
technology institution with an interest in 
corrosion. Only in that way . it is said. could 
the benefits be optimised. 

The report does not make a firm 
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recommendat ion on the question of location. 
Locations close to the University of NSW and 
to Monash are suggested as suitable sites; 
on balance. the report favors Monash 
because of its activity in the area of 
corrosion . The final decision. if the Centre is 
established. will be made at the ministerial 
level. 

The report suggests Federal Government 
funding for the general service function of the 
Centre of $ 155.000 (at 1982 prices) in the 
first year. reducing to $80.000 per annum 
over five years. 

To carry out longer-term research work. it 
recommends that the Centre incorporate a 
Research Association which should be 
funded in the same way as other research 
associat ions - by matched industry and 
Federal Government contributions. w ith the 
Government contribution limited to 
$200.000 in anyone year. 

The expenditure is small. Cherry says. 
when it is compared with the budgets of 
similar national corros ion centres in Europe. 
In Denmark and Sweden (countries with 
roughly half our population) nat ional 
corrosion centres have budgets of $ 1v.. 
million or more for consulting services and 
fundamental research. 

"The cost of f ire damage in Australia. 
estimated from insurance claims. is about 
$300 million a year." he adds wryly. "We 
have a fire service which costs about $250 
mill ion a year. There seems to be an 
imbalance in our attitudes towards fire 
damage and corrosion which. after all. are 
the same process. One is simply much 
quicker. " 

One of the tasks of the study was to as
sess which of the sectors of the Australian 
economy have the greatest avoidable costs 
due to corrosion. 

Using an econometric model developed in 
the United States. Cherry and Skerry 
analysed 29 sectors of industry - the first 
time such a comprehensive analysis has been 
done in Australia. Not surpris ingly, the 
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Pictu red above: Corroded alumin ium airframe co mpo nen ts. Corrosion cos ts Aus tralia an 
estimated $2000 m illion a year. 

construct ion industry. the transport industry 
and the communications sector were high on 
the list. 

Cherry makes a three-point case for 
Government action on the corrosion 
problem : 
•	 In general. the people who spend money 

on corrosion prevent ion measures are not 
the ones who benefit from them . Conse
quently . there is little incentive, for 
example. "to build in extra longevity to a 
capital product" when all you are doing is 
adding to its price. 

•	 Corrosion is a long-term problem wh ich 
may take place over a period as long as 50 
years. Individual consumers are not 
concerned about long-term problems. 

•	 There is w idespread lack of knowledge 
about the effects of corrosion and what 
can be done about it. Consequently the ' 
is a need for Government initiative. 
Cherry says an Australia -w ide survey 

conducted by Skarry as part of the corrosion 
study shows that there is general agreement 
in industry that a National Corrosion 
Prevent ion Centre . funded by the 
government, is needed. There is agreement 
also that such a Centre should be free of any 
commercial or institutional bias. 

If, ultimately. the Centre is set up near 
Monash. he says. the university will ba asked 
to provide facilities in the Centre's early 
years. 

"But it will not be a Monash inst ituti on," 
he stresses. 

"The overwhelming imp ression we geined 
from the survey was that if such a Centre 
were seen as empire building on the part of a 
currently existing institution it would fail." 

The corrosion report costs $ 15. and is 
obta inable from the Victorian branch of the 
Australasian Corrosion Association. Clunies 
Ross House. Royal Parade. 
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