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unsurpa�s�d accuracy
and prec1s1on 
(Illustrated ,s SILVA iype 41 Map magnifying lens

Finest Swedish 
steel needle 

Pivot on friction
free sapphire 
jewelled bearing 

grip 
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Non-radioactive 
luminous readout 

Finding your way in the 
bush with SILVA 

Map and compass use opens up the real 
enjoyment and many rewards of finding 
your way in the bush with full 
confidence. 
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Anti-static, liquid 
filled capsule 

The Swedish SILVA designers have made 
the tedious task of compass work a pure 
simplicity. When you add a SILVA 
compass to a topographic map and a 
few basic map reading instructions. you 
gain a sixth sense. The sense of "seeing" 
over the hill: knowing what to expect 
behind it and how to get there with the 
least effort. Most importantly, 1t will 
enable you to get back to your home 
base. as well as find that special spot 
again next time. 
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Clear 2° 
Non-slip graduations 

friction feet 

SILVA compasses are built to the highest 

standards of accuracy, not deliberately 

down to a low price. SILVA is the only 

compass in the world that uses the finest 

Swedish steel in its sensitive magnetic 

needle. SILVA is filled with a unique non

yellowing anti-static liquid that resists bubble 

formation. SILVA is tested to operate in 

temperatures from -40C to +SOC. SILVA is 

specially counter- balanced to account for 

the magnetic dip forces found in Australasia. 

When its a SILVA compass you can be sure 

there is no better or more accurate compass 

you can buy 

Choose from many different SILVA models at 

better camping stores throughout Australia, 

but beware of cheaper, look-alike imitations. 

�k for this display 
in all gOOd camping
sto�s that sell quality
equipment 
You'll find a compass displayed to 
suit your exact requirements and 
budget. Try them for yourself and 
test the "Easy as 1.2.3" SILVA 
system. 

Trade enquiries: Macson Trading Company Pty Ltd 

As easy as 1,2,3 to use 

1 Place 
compass on map 
with edge along 
direction of travel 

2 Rotate the 
capsule until "N" on 
compass dial points 
north on map 
North-South lines 
should be parallel 
with magnetic 
North grid lines on 
the map 

3 Hold compass 
horizontally ,n front 
of you and rotate 
your body until red 
point of needle ,s 
over red part of 
North arrow Look 
up. pick up a land 
mark and walk 
toward it 

Fun & safety in the bush 
Good compass and map use increases 
the fun and safety of outings in the 
bush. 
With a good map and a SILVA Compass. 
a sense of complete independence and 
freedom of movement 1s acquired. Any 
time that you fee! like leaving a track or 
road. you will be able to take a direct 
route through the bush knowing the 
direction and distance required to travel. 
A standard SILVA compass is not 
expensive. retailing for around $30. 
Some more professional models cost a 
little more. And there are more than 60 
different models 1n the SILVA range. 

The SILVA Guarantee 
SILVA guarantee that their compasses are 

unsurpassed in quality and accuracy, 

being shockproof. waterproof and come 

with an exclusive 6 year warranty 

backed by an Australian 

Insist on 
quality 
asl< for a 
SILVA 
Compass! 

after sales and spare 

parts service base. 

There is no other 

compas that is 

more accurate 

than SILVA 

Tel (03) 9489 9766 Fax (03) 9481 5368 http://www.macson.com.au 



Up Front 

on Chdstmas Island

it's time to prepare for their 
emergence. They will appear 

on the forest floor in their mil

lions and, like a red tide, wash 

over the island on their way to 

the sea. Nothing will stop 

them-it's all pretty impressive 

for a 500-gram land crab. 

That's right, come 

November the Red Crabs of 

Christmas Island will head for 

the sea to breed and, like 

every year for the past five 

years, researchers Steve 

Morris and Agnieszka 

Adarnczewska will be there to watch them. Halfway 

through their ten-year study, they already have some fasci

nating insights into what makes these crabs tick. See their 

story on page 44, plus some of the most beautiful photos of 

Red Crabs imaginable. 

Penny Olsen has been studying Peregrine Falcons for 

over two decades and around eight years ago became 

intrigued with the idea of finding out what makes a 

Peregrine a good parent. After risking life and limb on too 

many occasions, she has discovered the gentle side of 

, OCT 1998 

fascinating insight into
these birds but may help in
the management of other 

'

more vulnerable, birds of 
prey. 

Why do the peoples of our 
region keep and transport 
captive wild animals? What 
impact has this had on the 
environment? Why would a 
scientist spend ten years of 
his life trying to find the 
answers to these questions? = 

(5 
Turn to page 36 and Torn � 
Heinsohn will tell all. 

tf 
They're intelligent, gre- 5 

garious, very social and are 

finding that suburbia is a 

great place to rear kids. So what's all the fuss about? Seems 

that some people just don't appreciate having flying-foxes 

as neighbours. In our article "Urban Flying-foxes" we 

explore the problems associated with this difficult situa

tion. 

We also take a look at some well-grounded little frogs 

from Western Australia, find out why Indonesia's Yellow

crested Cockatoo is so endangered, explore the insane life 

of dragonflies, take a scenic tour of Tasmania's beautiful 

wilderness, and find out why Australian plants prefer to be 

these awesome hunters. Her research not only provides a evergreen. -Jennifer Saunders
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Shanng Freyrnet is an expenence you'll 
never forget S�uated inside Freycinet 
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You will need more than JUst one night to immerse yourself 1n 

the beauty ofTasmania's most stunning coastal wilderness area 
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of spectacular natural scenery 

. d at the end of a fulfilhng day. Your travel agent knows 

r1el:C�N�tN,./1 �N�tl 1·A:�,0��1,Av all about Freycinet Lodge. Ask about us today 

A WOR L D  OF N ATU R A L  AC TIV ITTE S 

NATURE AUSTRALIA SPRING 1998 

Name_ 
Address __ 

Ph 

Send this coupon to: Freyc,net Lodge 

PO Box 225 Kmgs Meadows 7249 TASMANIA. 

Phone (03) 6257 0/01 Fax (03) 6257 0278 "r'-,'349 



-

Nature 
SPRING 19 9 8  VOLUME 26 NUMBER 2 

Published by the Australian Museum Trust

6 Colleg Street, 
Sydney, W 2000.
Phone: (02) 9320 6000

Fax: (02) 9320 6073
Web: http://www.austmus.gov.au

Trust President: Malcolm Long. 
Museum Director: Desmond Gnffin

MANAGI G EDITOR
Jennifer Saunders, B.Sc. 
email: jennys@amsg.austmus.gov.au

SCIE TIFIC EDITOR 
Georgina Hickey, B.Sc. 

PHOTO & EDITORJAL RESEARCHER

Kate Lowe 
email: klowe@amsg.austmus.gov.au 

DESIGN AND PRODUCTION
Watch This! Design 

PRI 1Tl G 
Excel Printing 

ADVERT!Slt G 
Robbie Muller 
Phone: (02) 9320 6119 
email: robbiem@amsg.austmus.gov.au 

SUBSCRIPT!Ot S 
Robbie Muller 
Phone: (02) 9320 6119 
Toll-free (1800) 028 558 
Fax: (02) 9320 6073 
email: robbiem@amsg.austmus.gov.au 

Annual subscription (4 issues) 
Within Australia $A33 Other countries $A45 
Two-year subscription (8 issues) 
Within Australia $A63 Other countries $A83 
Three-year subscription (12 issues) 
Within Australia $A89 Other countries $A116 

New subscriptions can be made by credit card on the NATURE 
AUSTRALIA toll-free hotline (1800) 028 558 or use the form in 

this magazine. Ir it has been removed, send cheque, money 

order or credit card authorisation to the address above, made 

payable to the 'Australian Museum' in Australian currency. 

All material appearing i11 NATURE AUSTRALIA is copyright. 
Reproduction in part or whole is not permitted without wn·tten 
authorisotio11 from the Editor. NATURE A UST RALi A welcomes 
articles on the natural and cultural heritage of the Australian 
Region. Opinions expressed by the authors are their own and do 
not necessarily represent the policies or views of the Australian 
Museum. NATURE AUSTFIAUA is printed on archival quality 
paper suitable for library collections. 
Published 1998 IS SN-1324-2598

2 

NATURE AUSTRALIA (as ANH) 
!s pr?ud ,winne,r of the 1987, '88, '89,
90, 91, 92 & 93 Whitley Awards for
Best Periodical, and the 1988 & '90
Australian Heritage Awards.

Front Cover 
The Peregrine Falcon's 
forward-facing eyes 
give them a wide field 
of binocular vision, 
much as humans have 
and allows fine judge� 
ment of distance. 
Photo by Nicholas 
Birks/Wildflight 
Australia. 
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1CE MAN 
All dressed for work but �ve_r 
5 OOO years late! A e�/1tl11c
' ,,frozen in ice provides clues

111// . · · 
i to our working ong111s. 
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LETTERS 
The forum for readers to

air their views about their

concerns, past articles and

interesting personal events.

Bountiful Foxes 
Everyone recognises the 

damage Foxes are doing to 
our native Australian environ
ment (including spreading 
the clreaclecl Bitou Bush), 
however it seems little effort 
is being made to control 
these vermin. I would advo
cate introducing a healthy 
bounty on these pests. We 
saw, tragically, what effect a 
bounty sy tern had on the 
Thylacine; imagine what it 
could do for tl1e Fox. 

According to a previous 
article on tortoises (Nature
Aust. Autumn 1993) there 
was a major decline in Fox 
populations during the 1950s, 
clue I presume to trapping for 
furs. Could we not again 
impose these pressures on 
the Fox? 

It may even help unemploy
ment figures with a new occu
pation-that of Fox-trapper! 
If it works, we could then try 

a bounty for, say, Cane Toads. 
What a way for kids to make 
pocket money! Ecotourism 
would flourish! 

As we introduced the Fox 
to Ausb·alia, I feel we owe it to 
our furry, feathered and scaly 
neighbours to try and undo 
some of the damage before 
Ausb-alia's wildlife becomes a 
balance of Foxes and Rabbits. 

-E. Williams
Grandchester, Qld 

Blue Blood and 
Aristocrats 

The piece in Nature Strips 
(Nature Aust. Autumn 1998), 
explaining why blood in our 
veins may appear blue, does 
not mention whether there is 
any historical basis for the 
association of blue blood with 
'gentle birth'. 

Could it be that the veins of 
'plebs' were hidden by 
tanned and weathered skin 
caused by toiling outside, 

while the skin of aristocrats 
remained clear and translu
cent so that the veins were 
more visible? My own veins 
are blue on the inside of the 
wrist but not on the weath
ered back of the hand. 

-Bill McKenzie
Melbourne, Vic.

Creation 'Scientist' 
Bashing 

I have been prompted to 
write this letter by the recent 
series of somewhat inflamma
tory articles by Michael 
Archer printed in your maga
zine. W hile I fully appreciate 
Archer's desire to defend his 
hypotheses against those 
which he perceives to be 
erroneous, I find his method 
of doing so disturbing. 

First, Archer appears to 
have fallen into the age-old 
trap of ridiculing the 'opposi
tion' instead of demonstrat
ing the infallibility of his own 

the?!-ieJ, ?r the fallibility ofthe1_1 s. fh1s sort of rhetoricaldevice belongs more to therealm _of �ropagancla than tothe obJect1ve discourse of science. For example, claimi that the politicians of thg
vyombat Party_ are stupid pro�v1des voters with no reason tovole for the Kangaroo Party only with a reason not t�choose the W.P. 

Second, Archer seems toregar? the mer_e existence of Creation 'scientists' orindeed religion as a wh�le a a personal insult and his ;rticles are becorni�g inc_reasingly personal and msultmg. It is clear that Creation 'scientist' bashing is a per_sonal hobbyhorse of his (Nature
Australia being one of his forums), yet he would be the 
first person to argue that per
sonal belief or faith is no foun
dation upon which to base 
scientific conclusions. 

Finally, it is beyond con
tention that Archer is an intel
ligent and highly qualified 
expert in his field. This ren
ders even more puzzling the 
lack of professional restraint 
in his approach. Would his 
desire to educate not be bet
ter served by clearly written 
articles wholly devoted to his 
research finding , than by 
devoting at least half of his 
space in an otherwise inter
esting article about the fossil 
history of koalas or wombats 
to barbed witticisms about 
"this religion" (by which I 
assume he means Judaism 
and Christianity)? He does 
himself and his colleagues no 
credit when he crams the 

results of his research into 
the final few paragraphs of 
each article. 

-Julia Petzl

Dulong, Qld 

You certainly have a spec
tacular magazine and 1 
admire your scientific . infor
mation on all the magni:fice�t 

creatures alive today, bu� 111 
Michael Archer's artt_cl� 
"Koalas: apostles vs fossils. 
(Nature Aust. Summei 
1997-98) you have shown 
yourselves to be name-_call
ing 'pretend' scientlSt5·
Deliberate snide remarks get
nowhere witl1 the av_erage,
tl1inking person wanb�lg to
learn and read about science�

�
Would a bounty system help . 1

· Australia, 
control feral Foxes '" 
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else's view, Ar�her presents
himself as noth1,ng mor� tl!an

'scaredy-cat , retahatmg 
�ecause someone has c!1al
lenged his own closed-mmd-

1 ed fairy story. 
l Do what_ you do best;_ pro-
• "de us witl1 accurate mfor-

;ation tliat is documen�ed 
with science. Your magazme 
·s amazing, but please keep 
�our opinionat�d 'vie�s' on 
opposing tl1eones (which to 
date are currently �nproven) 

' scientific and unbiased. At 
ct1e moment, your readers 'on 
tlle borderline' (that is, on the 
brink of accepting evolution) 
are laughing at articles such
as this one. When you dis
agree with something, don't 
just call names and try to 
ostracise someone else; 
prove to us with science why 
you disagree. 

-Heidi Eldridge

Seaford, SA

Will the Real 
Easter Bilby 
Please Stand Up? 

Tim Flannery's sympathet
ic piece on the Easter Bilby 
(Nature Aust. Autumn 1998) 
is appreciated, but his state
ment, tliat it owes its origin to 
"some confectioner", is only 
part of the story. 

The Easter Bilby was creat
ed by the Anti-Rabbit 
Research Foundation of 
Australia (ARRFA) in 1991, 
and registered as our trade
mark in 1993, the first year in 
which the confectionary 
appeared. 

It was the focus of a cam
paign with three aims: to 
raise awareness of the environmental and economic damage that Rabbits do· to make Australians more �ware of nativ� wildlife threatened by �abbits; and, through royalties, fund our research con�ervation and educatio� proJects. 

1 Since ARRFA's headquar-�e:� are in Adelaide, weinitially approached Adelaide confectioners to market ourPhoduct. Two of the originalt r�e manufacturers (Hai
f;s s and Melbas) still do so; e other no longer exists. The Easter Bilby was such an instant success that othermanufacturers, perhaps unaware of its origins began toProd ' 
S uce competing products. 
t 

0�e contested ARRFA's ra emark but, in 1997 ARRFA's rights to its creatio� 
�ATUR E AUSTRALIA SPRING 1998 

�e_re recognised and all oppos1t1on withdrawn. From Easter 1998, all 'Easter Bilbies' must be licensed by ARRFA. 
. There is sb·ong competition, however; there are now 

at least 14 other chocolate bil
bies being old at Easter under a variety of names. 

Does it matter? Yes, it does. 
Most competing products 
conb-ibute nothing to conser
vation work; certainly noth
ing to ARRFA, so it matters to 
us. And it matters to the orig
inal confectioners who took 
the initial commercial risks to 
support us. If the Easter 
Bilby has caught on, it is they 
who helped it do so, paving a 
surer way for other, often 
much bigger, manufacturers 
who now displace them. 

We appreciate the warm 
reception given to the Easter 
Bilby. It has done great work 
in making Australians much 
more aware of native Bilbies 
and the urgent need for their 
conservation. All we ask is 
that people make sure that 
the chocolate bilbies they buy 
are trademarked 'Easter 
Bilby'. They will then know 
that their royalties are fund
ing the conservation work for 
which this new symbol of 
Easter was devised. 

-Robert G.B. Morrison

Chairman Anti-Rabbit 

Research Foundation of Australia, 

Adelaide, SA 

Pebble Mystery 
Solved 

Your article on pebble
mound mice (Nature Aust.
Spring 1997) stopped me 
wondering about what lived 
in this home (photo 
enclosed), which is on a road 
where I walk nearly every 
day. I had thought the stones 
too big for ants to move 
about. 

Sometimes the stones get 
messed up after a car wheel 
passes over them, but the 
next day they are all back jn 
order. On other days the 
entrance may be blocked up 
with stones, but then open 
again the next. The mouse 
(mice) must have gone visit
ing!

I enjoy reading your maga
zine and have been able to 
identify some of the trees and 
bushes in my area from the 
articles and photographs. 

-Bronwyn Bews

Biggenden, Qld 

Octopuses and 
Screwtop Jars 

Thankyou for your 
immensely enjoyable article 
on octopuses (Nature Aust.
Summer 1997-98). In regard 
to the intelligence of octopus
es as revealed by their open
ing of screwtop jars, I have a 
notion that this is merely an 
extension of normal hunting 
methods. 

If a jar lid is screwed on 
very tightly (such as in pres
sure-sealed jars), it frequent
ly takes a man all his strength 
and considerable discomfort 
to his hands to open it. He 
only knows in which direc
tion to persevere because of a 
lifetime of unscrewing 
threaded objects; there is no 
movement of the lid to give 
him any clue about which 
direction to twist or even 
whether the lid is the actual 
access point. Thus it is not 
the application of intelli
gence, even by a human 
being, that effects the open
ing of the jar. 

Presumably the lids of jars 
given to octopuses open rea
sonably easily. 

Consider an octopus hunt
ing in a rock pool. Usually 
pools containing octopuses 
have a bottom covered with 
rocks and pebbles of various 
sizes. These pebbles are 
jammed or wedged together, 
the spaces between often 
being filled with smaller par
ticles, the whole comprising a 
tightly packed body. 

These pebbly bottoms are, 
of course, the hiding places of 
much of the octopus's prey, 
such as crabs and shrimp. If 
an octopus had only a slight 

-

The work of mice, not ants.

grip on his prey in such a sit
uation, just enough to hold 
the prey in place but not to 
extract if from its crevice, ilie 
octopus might then investi
gate the pebbles around ilie 
prey to see if any could be 
moved to afford it better 
access. Sensing movement in 
any pebble, the octopus 
would pursue that movement, 
wiggling the pebble back and 
forth until it came free, thus 
loosening the prey and allow
ing the octopus to get at it. 

Such behaviour could read
ily translate to jar opening. 
The octopus would test the 
whole assemblage to see if 
any part of it was moveable. 
Once the lid moved in a par
ticular direction, the octopus 
would quickly sense that the
lid was becoming looser
(most lids have to be turned 
much less than 360°, or even 
180°, before coming oft) and 
pursue that avenue, to 
achieve success. 

Just a thought. 
-Alan Crowe

Woonona, NSW

NATURE AUSTRALIA welcomes 

letters for publication and 

requests that they be limited to 

250 words and typed if possible. 

Please supply a daytime tele

phone number and type or print 

your name and address clearly 

on the letter. The best letter in 

this issue will receive a Foldable 

Magnifier from the Museum 

Shop. The winner this issue is 

Alan Crowe. 
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Nature 
Strips 

Tragedy 
Written in 
Stone 

F
or more than 70 years, 
the rocky alps at Monte 

San Giorgio, near the 
Swiss-Italian border, have 
been offering up stories of an 
ancient world-one that 
existed during the mid
Tria sic, some 240 million 
years ago. ll is the fossils of 
mainly marine vertebrates, 
including many complete
and near-complete skeletons
of fish and reptiles, that this
area has been yielding. 

One exciting find, made in
1957, features the skeleton
of an adult Mixosaurus, a
genus of an extinct reptilian

COMPILED BY 

GEORGINA HICKEY

ichthyosaur. Around and 
within it are many smaller 
bones belonging to the same 
genus. Long-preserved evi
dence of some nasty act of 
cannibalism? Definitely not, 
according to University of 
Zurich palaeontologist Winand 
Brinkmann. For one thing, 
none of the smaller bones is 
found within the area where 
the adult's stomach would 
have been. For another, the 
small vertebral columns
found within the adult are
arranged parallel to each
other-too neat, surely, to
represent a meal. 

Brinkmann believes this
instead is the final scene of a
birthing event that went terri
bly wrong. The larger skele-

ton, just over a metre long, is 
pregnant. The smaller skele
tons with her are her unborn 
offspring. There are the 
bones of al least three 
embryos, each about 40 cen
timetres in length and at a 
stage of development suitable
for birth. 

It appears that the 
embryos, with their heads 
positioned towards the poste
rior of their mother, were ori
ented in the wrong direction 
for birth. Brinkmann believes 
that the natural way for
young ichthyosaurs to
emerge from their mothers
would have been, like whales 
and dolphins of today, tail
first. 

-K.McG.

Paint-pilfering
Bees 

<, 

I
� s�ems_ lhal anything that1sn l nailed down can knock�d �ff, even a coat

g

��wet pa111l. lne small stingle b T · SSee rigona hockingsi hasbe�n observed stealing wetpaml on many occasions inno_rlh�rn Queensland. Thepa111l 1� �sed as a substitul for res111 111 nest constructio 
e

an� doesn't app�ar to do an; ha1 � to the l!t_tle thieves. vyhile the quant1l1es of paint a smgle bee can remove are extremely small, there are so�e l�cal_ stories of their pa111t- tnpp111g prowess that 
test credibility. ln one yarn 
reported recently in Aussie
Bee (the publication of the 
Australian Native Bee 
R�search Centre, orth 
Richmond, Syv) a fishing 
trawler was be111g repainted 
and, by the time the second 
side was finished, the first 
side had been nearly 
stripped! 

We recently came across 
one hive whose workers had 
been busy pinching white 
paint to repair their resinous 
structural work. It looked just
like a lump of Toblerone 
chocolate. Sometimes bees 

Reconstructions of the ichthyosaurs M" 
(5 5 m t I 

ixosaurus cornalianus wh· h · e res ong). ' ic grew to about 1.5 metres, and the larger Cymbospondylus buchseri 

6 
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Nol a common sight: periodical 

cicadas (Magicicada s pp.) on l y

emerge every 13 or 17 years. 

steal paint fron� a v:ariety of 
sources !·esult111g 111_ hives 
dotted wit� many differ�nt 
colours. Like ?ther, social 
native bee species, 7. hocli
in<1si constructs grape-like 
c1isters of pots f?r storing 
honey and pollen 111stead of 
the honeycomb arrangement 
employed by Honey Bees. 

So residents of northern 
Australia be warned: the paint 
thieves are out there just 
waiting for your next stint of 
decorating. But it's relatively 
easy to foil these paint-pur
loining insects. They are inac-

, tive at cooler temperatures, 
particularly below about 17° 

C. So it's best to resb·ict your 
painting activities to cooler 
times (unless you don't mind 
sharing your Dulux with the 
bees). 

-Paul Willis (ABC Science Unit, 

Sydney) & Anne Dollin (Australian 

Native Bee Research Centre) 

Cicadas 
Primed for 
Survival 

The yearly summer buzz 
I of adult cicadas is a famil

iar sound on balmy nights,
but in North America you 
might hear them just five or 
six times in your life; periodi
c al cicadas (Magicicada spp.) 
?nly emerge every 13 years 
m the south of their distribu
tions or 17 years in the north. 
These cicadas display an 
extra�rdinary trait called syn
chro111sed emergence: cicada nymphs remain underground 1 for exactly 13 or 17 years (both prime numbers) and then the fully matured adults emerge together, almost to the day. 

Jin Yoshimura while atImperial College 'in the UK has Prop�sed a new theory �hat explams both the periodic nature of the cicada's emergence and the prime-number
f;enomenon. He believes
f 

ey are a permanent evolu-
l J

0nary _response to periods of
; ramatic climatic coolingover the last two millionYears. 

According to Yoshimura 
J°w at Shizuoka University i� 
MPa�.. the ancestors of 

fgzczcada were non-periodica' with individuals emerg-
NATURE AUSTRALIA SPRING 1998 

ing every year and with a 
seven-to-nine-year life cycle. 
He believes cold climatic con
ditions triggered a growth 
delay in cicada nymphs (in 
their burrows), elongating 
their life cycles to 14-18 years 
in the north and 12-15 in the 
south. The cold conditions 
would also have killed a large 
number of individuals. With 
severely depleted numbers, 
strict timing would have 
become es ential to the sur
vival of cicada populations. 
Individuals that emerged 
together (in time and space) 
would be more likely to find a 
mate and produce offspring. 

To efficiently maintain the 
purity of each cicada popula
tion and to ensure the syn
chr�nised nature of their 

emergence, the prime-num
ber life cycles of 13 and 17 
years would have developed 
in the south and north 
respectively. Adults from 
adjacent populations with 
non-prime-number life cycles 
would have often emerged in 
phase with one another, 
resulting in offspring with 
random emergence. Populat
ions with prime-number 
cycles, however, would only 
rarely have had the chance to 
mix with adjacent popula
tions. Yoshimura believes this 
would resb·ict interbreeding 
between groups that could 
result in cicadas emerging in 
the 'wrong' years when they 
would be unlikely to find a 
mate. 

Over time, a long regular

cycle with prime-number syn
chronised emergence would
have been established. 

-P.R.

Stiff Wrap for 
Armadillo 

0 n the highways of 
Florida, motorists often 

see a strange sight. If an 
armadillo should wander 
across the road, the noise of 
the approaching engine 
makes it leap into the air with 
fright. Con equently, the ani
mal usually ends up flattened 
against the vehicle's grill. 

But what is bad for annadil
los has been a windfall for 
biologist . Diane Kelly, while 
at Duke University in North 
Carolina, took advantage of 

7 
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The Nine-banded Armadillo's appareil d'amour may have more relevance to us than you might think.

the available carcasses to 
study one outstanding fea
ture. The erect penis of 
the Nine-banded Armadillo 
(Dasypus novemcinctus) is  
extraordinarily large, about 
one-third the length of the 
body. Peni es are hydrostatic 
structures, meaning they 
hold their shape through 
fluid exerting pressure on a 
resistant fibrous sheath. In 
most hydrostats, such as 
earthworms, elephant trunks 
and tongues, these fibres are 
arranged in overlapping spi
rals, allowing for bending. 
But Kelly found that armadil
lo penises have fibres run
ning both along and around 
the organ. She proposes that 
this previously unknown 
arrangement provides vital 
support to prevent bending 
particularly in such a Jong 
organ. It makes evolutionary 
sense that an armadillo with a 
rigid penis has more chance 
of passing on his genes than one whose penis bends when 
the pressure is on. 

Since Kelly's armadillo 
study, she has observed the 
�ame arrangement of fibres 
m the penises of a variety of 
ot�er i:nammals. Rather than bemg Just a quirky interest ' 

8 

her findings may have impor
tant implications for develop
ing lighter, stronger condoms 
and even improved penile 
implants. 

-A.T.

Eggs of many species may 
lie dormant and hatch when 
environmental conditions are 
right. Some eggs even seem 
to time hatching in response 
to predation. While a certain 

The crustacean eggs were somehow able 

to detect predators and delay hatching, 

perhaps waiting for the salamanders to 

mature and leave the pool. 

To Hatch or 
Not to Hatch? 

M 
any eggs are like time
bombs, ticking until 

the alarm goes off and new 
life emerges. This clock is 
usually set by the mother 
�ho chooses when to lay and 
mcubate eggs. Ducks, for 
example, only incubate after 
every egg has been laid 
�nsuring that all their duck'. lmgs hatch at once. 

frog's eggs hatch premature
ly when they sense a snake 
trying to eat them (see 
Nature Aust. Spring 1996), 
recent experiments uggest 
that the eggs of some fresh
water crustaceans may delay 
hatching in response to 
predators. 

Water fleas, clam shrimps 
and copepods are all eaten by 
the tadpoles of the Israeli Fire 
Salamander (Satamandra
infraimmaculata). Fire Sala-

manders are born as tadpoles 
and spend two to three 
months in the water before 
becoming land creatures. 
Leon Blaustein from the 
University of Haifa, Israel, 
noticed that pools with sala
mander tadpoles had far 
fewer crustaceans than pools 
without. But this reduction 
was not all due to predation. 
Blaustein demonstrated that 
the numbers of crustaceans 
remained low regardless of
whether the tadpoles were
free-swimming or restrained
in a mesh cage. It appears
that the crustacean eggs
were simply not hatching
but why not? 

Blaustein believes the crus
tacean eggs were somehow
able to detect predators b� an
as yet unidentified ch�m,c_al
cue and delay hatching ,n
response, perhaps waiting for
the alamanders to mature

and leave the pool. 
-D.C. 

Plants Talk

ar 

M 
any gardeners sw� 
that communicating

with plants makes tl1'.11
strong and healthy. Well, �i15
may not be far off the mai c
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Air fed trom the chamber of an 

led tobacco plant causes 
1ntec 

healthy plants to marshal! their 

defence
_:__
s· _______ _ 

�nicating, it has b�en 
, 1d does help plants to hve 
1

1
,ou

g
i 
ei'· at least when they, on · · · 

1 lk among themselves. 
aVJadimir Shulaev and col-
leagues_ . f

rom �utge_rs 
University m ew Je1 sey dis:
covered that,_ when un�e1 
attack by d1sease-caus111g

, organisms, tobacco plants
(Nicotia11a tabacum) produce 
an airborne signal that war1:s 
other plants t? marshall t:J:ie1r
defences agamst a possible
onslaught. 

They found that plants 
infected with the tobac�o 
mosaic virus produce consid
erable quantities of the 
gaseou form of salicylic acid, 
otherwise known as methyl 
salicylate or oil of winter
green. They already knew 

1 tliat, when in s�fficient quan
tities, the acid helps the 
plants fight disease by induc
ing the expression of anti
microbial proteins in the 
infected areas. Salicylic acid 
also travels to healthy parts of 
ilie plants, building up their 

systemic immunity to dis
ease. 

But when the researchers 
pumped the air from a cham
ber containing infected plants 
to another containing healthy 
specimens, the healthy ones 
also began producing anti
microbial proteins under the 
influence of methyl salicylate 
from the diseased plants. 
This is the first time that a 
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Open 7 day,. 6 College Strcc1 Sydney Tcl:(02) 9320 6202 Fax: 9320 6065 

email: ,and{dlaui,,tmm,.gov.au home page: ht1p'.//www.au1'1t1lUi,,.gov.au 

Supported by the Australian Museum Sodcty nnd Hewlett l'uckurd 

t, 

plant has been shown to acti
vate a defence response in
another plant. 

-R.S.

Whale Records 
Track Ice Edge 

W
hy would one-quarter
of the Antarctic sea ice 

suddenly disappear? This 
question has puzzled scien-

lists since late last year when 
William de la Mare, from the 
Australian Antarctic Division 
in Hobart, published his star
tling discovery: between 1957 
and 1973 the sea ice retreated 
by 5.65 million square kilo
metres. 

De la Mare was using old
records from the Bureau of 
International Whaling Stat
istics in Sandefjord, Norway, 
to model whale populations, 
when he realised they 
revealed crucial information 
about the icesheet during the � 
harvesting period. � 

Whalers operated their fac- � 
tory ships close to the edge of � 
the summer icefloes, where ; 
the Blue, Fin, Humpback and !;! 
Minke Whales congregated 8 
to feed on krill. According to 
their logs, the sea ice edge 
extended to 61.5° south 
between 1931 and 1957. 
However from 1973 onwards 
it was stable at 64.3° south. 
(Satellite data, available from 
1973, confirm that the 
icesheet has been stable 
since then.) 

Nobody noticed this 
change take place: the 
whalers were busy harvest-
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ing ei Whales farther north 
between 1957 and 1972, and 
widespread alellile observa
tions only tarted in 1973. 

Whal does this rapid polar 
retreat mean? Scientists do 
not know but it may have hap
pened loo early lo be caused 
by o-lobal warming. One pos
sible explanation is changes 
in ocean currents. Neverthe
less thi discovery adds to 
the growino- evidence that 
rapid changes in the Earth's 
climate systems can occur. 
Clearly, important processes 
Urnl contribute lo the Earth's 
climate are poorly under
stood. This has obvious impli
cation for our ability to pre
dict future climate change 
from the greenhouse effect. 

Perfume or 

Poison? 

-LA.

N
icotine, one o£the chem
icals found in cigarette 

tobacco, is not just harmful to 
humans; it i also an effective 
natural pesticide used by 

some plant lo deter predato
ry in eels. But plants that 
produce nicotine lo deter 
predators also repel potential 
pollinators. How do they gel 
around this problem? 

Michael Euler and Ian T. 
Baldwin, from the State 

nicotine production is high 
during the day when predato
ry insects are about but drop 
rapidly in the evening when 
pollinating moths become 
activ . Al night-time benzyl 
acetone production in the 
nowers is stepped up to 

In humans, boys are more likely to die

during childhood than their sisters, and 

young men are more likely to meet an 

untimely demise than young women. 

University of ew York in
Buffalo, identified a delicate
balancing act between the
production of nicotine and a 
powerful perfume called ben
zyl acetone, in the tobacco 
relative Nicotiana attenuata.

The researchers found that 

,V4 

attract moths. A long as the
0owers and leaves of
Nicotiana attenuata are not 
damaged, thi process contin
ues in a daily rhythm. 
However, if the plant is
attacked, nicotine levels rise
regardless of the time of clay. 

Whaling records indlcat . 
, . 

e a rapid and dramatic retreat

10 

of the Antarctic sea ice. Is this natural or human-induced?

"', 

Protection of the seems, is more . plant, it
than the potential 

l
tportant

fe� insect pollinators
oss of a

1 he perfume-poi;on saw, and the spe 
'
fi 

see-
lh I . c1 ic rol ese c 1em1cals pla . es
plant, produce an el 

Y in the
effective resolutio�

gant a
nd

problem of how to 
to the

predatory damage ;
educe

plant while increasin 
o the

ces ful pollination. 
g suc-

The Price of
Manhood

-P.R.

Are males really theweaker sex? In humans boy_ are more likely to d' ' cl.unng childhood than the\� sisters, �ncl young men are mo'.e likely to meet an unllmely demi�e than young women. Havmg survived these early .obstacles, elderly 
men are still more likely to 
leave their wive a widows. 
Why such a bias toward 
male mortality? It's thought 
that male ex hormone are 
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to blame. 
Antechinuses present an 
,treme example, where 

ex 1· . I iales die a ter a s111g e mat-
!1

g season from testosteron -111 H induced stres . owever, 
Joie hormones may also 11" d' ff have a less 1rect e ect. 

Whereas female hormones 
such as  oes_trogen ar 
thought to stimulate the 
immune system, male hor
Illones like t�stosterone may 
depress the immune system. 
To test this idea, Gina Schalk 
and Mark Forbe from 
Carlton University in Canada 
reviewed 38 published stud
ies of parasitism in mammals. 
Given that parasitism is high
est in animals with weakened 
immune ystems, the re
searchers predicted that 
U1ales would have higher lev
el s of parasitism than 
females. 

chalk and Forbes found
that males generally do have
more parasites (particularly
art hropods like f leas and
ticks) than females of the 
same species. This sex differ
ence could be due to many 
factors. After all, some males 
travel far ther and have differ
ent diets than females thus 
exposing themselves to' more 
parasites. However, in studies 
of animals kept in laborato-
1ies (where the sexes were 
hous�d and fed similarly), the ex difference was still, if not J1!0r� pronounced. And, most tgnificantly, Schalk and Forbes found no sex differ�nce ?etween juveniles . Since Juveniles have much lower hormonal levels than adults Schalk and Forbes suspect t�at a male mammal's para
�
tte load is increased by his

rrmones rather than hi 1 eSlyle. The price of beingmacho eems great indeed. 
-D.C.

Turtles Chill
out in the Sun

freshwater turtles are 
wate�

ften �een out of the 
alon 

basking on l�gs and h g the banks of nvers It as alwa b these r 
ys een assumed 

to . epttles soak up the sun ., raise the· b d 1 lure y, . 1.r o Y tempera-13r' ·b 
et dunng a study of the is ane Ri (En-z d ver Turtle 

Man�· ura signata)' Ben 
from 

tng
h 
and Gordon Grigg 

Queens� 
e University of

Pressed 
and were hard

supp 
to find turtles thatorted this assumption. 
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Manning and Grigg record
ed the body temperatures of 
eight free-ranging turtles that 
had been implanted with tem
perature-sensitive radio
transmitters. To their sur
prise, body temperatures 
were almost always the same 
as the water, despite the tur
tles' basking habits. 

Only ten of the 1,402 tem
perature records showed tur
tles to be hotter than the 

water. So rarely were the tur
tles 'warm' that the re
searchers suggested these 
individuals may have been 
undergoing a "behavioural 
fever" rather than a routine 
increase in body tempera
ture. Presumably, basking 
events are normally too short 
for the animals to warm up, 
although they certainly do 
emerge for long enough to 
dry out. 

Testosterone certainly takes 

its toll on male mammals, 

especially antechinuses such 
as this Dusky Antechinus 
(Antechinus swainsonii). 
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I£ there is no thermoregula
tory reason for ba Icing, can 
there by any other benefit 
from lazing around in the 
sun? Manning and Grigg sug
o-est turtle may sunbake to 
inhibit algal or f-tmgal skin 
infections, and/ or to synthe
sise vitamin D. While these 
hypotheses wait to be teste?, 
Brisbane River Turtles will 
continue to chill out in the 
sun. 

-K.H.

Leaf with Teeth 

P
icture an elm, a_maple, or

es an alder. Their leaves, 
� like those of many deciduous 
ls tTees, are serrated (toothed) 
� or lobed. By contrast, ever
gl o-reen leaves of tropical 

forests tend to have smooth 
edges. What adaptive advan
tage could leaf teeth and 
lobes be giving deciduous
b·ees? 

Recent research by 
Kathleen Baker-Brosh and 
Robert Peet (University of 
North Carolina at Chapel 
Hill) has produced evidence 
that leaf teeth and lobes may 
be crucial sites of early
season photosynthesis. Im
mature leaves of 18 species 
were dosed with radioactive 
carbon dioxide and autoradi
ography was used to locate 
the photosynthetically active 
sites (those areas of the 
leaves that had absorbed the 
carbon dioxide). The re
searchers found that, in over 
half of the 14 species with 
toothed or lobed leaves, a sig-

nificant concentration of 
early-spring photosynthesis 
occurred in the leaf margins. 
In contrast, immature 
smooth-edged leaves show
ed no effective photosyn
thesis at all. 

Clearly, in some deciduous 
species the leaf teeth and 
lobe tips mature early and 
carry out photosynthesis 
while the leaves are still 
expanding. However, as the 
leaves get larger, the preco
ciously mature teeth and 
lobes become proportionally 
smaller and the distance 
between them increases. 
Baker-Brosh and Peet postu
late that this feature of decid
uous leaf morphology repre
sents an important adaptation 

to short growing seasons, 
allowing plants to make the 
most of the short period of 
intense light at the beginning 
of the spring flush. 

-LA.

Earwax: Food 
for Thought? 

The diet of oxpeckers, 
I small birds of sub

Saharan Africa, appears to be 
even more curious than previ
ously thought. Oxpeckers 
only feed on what they can 
collect from the skin of large 
mammals such as the Giraffe, 
buffaloes and rhinoceroses. 
Their main food item is 
thought to be blood-sucking 
ticks, although they are also 

Toothed leaves enable maples 
and other deciduous plants to 
get an early-season start to 
photosynthesis. 

known to eat blood, dead skin l,and mucus. While studyin Red-billed Oxpeckers (Bu�
t>hagus ery

_
throrhynchus) in southe_rn Zimbabwe, however, I discovered that oxpeckers also have an inordinatefondness for earwax. 

As part of my PhD research into the effects of oxpeckers on domestic cattle 
I ran an exclusion experiment 
in which oxpeckers were 
kept off a herd. I was expect
ing to see a dramatic and sud
den increase in the number of
ticks on the cattle, thereby 
confirming the theory that 
oxpeckers are good for their 
hosts. Instead, I found no sig
nificant change in tick loads, 
but a rapid build-up of ear
wax. Oxpeckers spend 
between 10 and 20 per cent of 
their time feeding deep inside 
mammalian ears, and it wa 
thought that they were eating 
Brown Ear Ticks (Rhipi
cephalus appendiculatus), a 
species that only attaches to 
this part of the animal. It now 
seems that they are actually 
more interested in cerumen, 
the scientific term for ear
wax. 

Oxpeckers are not alone in 
.finding earwax a tasty snack. 
Tom Arny (University of 
Massachusetts at Amherst) 
reported that cats greatly 
enjoy the bitter taste of 
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earwax but he could 
110

11:�ggest a plausible expla
not_ 

1 am also unsure of
nau�

n

the appeal of earwax
wltht be. Earwax is n:iade up
in Tong-chain fatty acids, the

l of substances that make
• satT11at. These I?resumably

up e arwax a high energy
give

t t but they may also
con en' 

l d' t 1 e it difficu t to 1ges ·.
_N:e�·natively, the bir?S could

after caroteno1ds-the
be 
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chemicals that many species
need to maintain their yellow,
orange or red colouration.
The oxpeckers in my study
have bright reel bills but most
of their diet is completely 
lacking in carotenoicls; ear
wax, on the other hand, is 
apparently rich in them. 
Whatever the reason for eat
ing earwax, neither the 
flavour nor any indigestion 
associated with eating it, is 

enough to put the oxpeckers 
off. 

-Paul Weeks 

University of Cambridge, UK 

Hot Blue 

Bellies? 

M 
ale Tree Lizards 
(Urosaurus ornatus) 

are nick-named 'Blue Bellies'
because, when they display
on b-ee trunks during the clay,
their belly skin is an intense
(iridescent) azure blue. At
night or before emerging into
the sun however, these same
lizards have bellies coloured
rusty cream or faded
turquoise. Colour change in 
animals can vary depending 
on sex, age, season, tempera
ture and mood, and is nor
mally under the control of 
hormones or the nervous sys
tem. But Blue Bellies exhibit 
a previously unrecorded situ
ation in animal colour 
change. With my colleagues 
Randall Morrison (Hood 
College, Maryland) and Sally 
Frost-Mason (University of 
Kansas), we have shown that 
the rapid change to intense 

-

blue is achieved simply by
raising the temperature of the 
cells while the lizard basks in 
the sun. 

The pigment cells responsi
ble for the Tree Lizard's 
change in belly colour are 
called iridophores. Within 
each iridophore, tiny crystals 
are carefully arranged in lay
ers, like bricks in a wall. 
Cytoplasm is the matrix or 
'mortar' that separates the 
layers. And, like water and 
air, the crystals and cyto
plasm have different optical 
densities (and thicknesses), 
which affect the transmission
of wavelengths of light. As
sunlight enters from the skin 
surface, it is broken up (dif
fracted) and only certain 
wavelengths, or colours, are 
reflected back out through
the skin surface, the others
being absorbed deeper in the
skin tissues. 

When the skin temperature
increases, male Tree Lizards
are somehow able to increase 
the thickness of the cytoplas
mic layer flowing between 
the fixed layers of crystals in 
the iridophores of their belly 

Red-billed Oxpeckers have a taste for earwax. 



Male Tree Lizards, restrained 

(belly up) in a double glass

walled 'lizard press', change from 

pale blue (top) at 25° C to bright 
blue (bottom) at 37o C. 

14 

skin. This has the effect of 
shortening the wavelength of 
the reflected light, thus mak
ing the skin on the belly 
appear bright blue. 

Male Tree Lizards flash 
their 'hot' blue bellies at other 
lizards by raising their bod
ies, flattening their sides 
(exposing more of the belly) 
and rapidly executing multi
ple pu h-ups. For a male audi
ence, this would be like 
putting on war paint before 
battle; for a female audience, 
it is more the equivalent of a 
male's fancy suit. 

-Wade Sherbrooke 
American Museum of Natural History 

Keeping 
Testicles Cool 

W
hy do most mammals
have external testi

cles? In a recent report it was 
proposed that keeping the 
testes outside the body cavity 
prevents leakage of sperm 
produced by rises in abdomi
nal pressure during exercise 
( ee Nature Aust. Spring 
1997). However, Roger Short 
from Melbourne Univer ity 
has put forward a rather dif
ferent explanation. 

His central thesi i based 
on two important differences 
in g rm cell production in the 

""'I 

two exes. Germ cells are th precursors for sperm in th
e 

male and for eggs in th:female (the gametes). In the male, one� he has reached 1 

pub�rty, his testes begin Pro. lclucmg sperm at a steady rate I 
a rate that is _maintained mor� jor less continuously for the I 
rest of his life. In his lifetime 1

he therefore produces enor'. I
mous numbers of sperm. I 

T�e situation is very differ- J 

ent 111 the female. The number
of eggs she is destined to  pro- 1 cl uce is already laid down 
while she is still in her moth
er' womb. And the number of 
cells involved, a few hundred 
thousand, is a tiny fraction of 
that produced by the male. 
The foetal germ cells then 
enter an arrested stage of 
development, during which 
their metabolism is kept low. 
Only after their owner reaches 
puberty do small numbers 
leave the dormant pool at reg
ular intervals to continue their 
development. 

The numbers of gametes 
produced is just one impor 
tant difference between the 

exes. Another is the inci
dence of errors in the duplica
tion of chromosomes during 
germ cell production. In mam
mals the male has the sex 
chromosomes XY, the female 
XX. The male Y chromosome 
is particularly prone to _errors
of duplication because 1t does
not have an identical partner
with which to exchange pieces
to repair any mistakes. The
female X chromosome has an
identical partner and so is less
prone to errors of duplication.

Finally, it is known that
l mutations are trig�ered spon

taneously by a vanety of fa�-
tors, including atm_osp�e:ic
UV radiation and rad10acbv1ty.
However we now know lhat
some products of cell n"!etabo
lism also b·igger mutabOn. 10

· f the the male, mutat10ns O 
h 

11 
• UC1 . j germ cells can occur thi O "' 

1 
out adult life as the tes�es 

. b 1· lly active
remam meta o ica 

. ireand constantly manufactL_ 
sperm. In the female the ge1 m

cells are protected from th:::
mutagen because they 
metabolically dormant. 

le 
All of this means that ma

, . II a 111uc1 
sperm are genetica Y ' !ls
more diverse bunch of ce·ty 

TI divers1 
than female ova. ie 

. is
we see in the populabol� of
therefore laqs�ly �e. 

res�iale.
influences ansmg in t�e 

. us
And that, finally, bnngs 
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t, 

Red Kangaroos (Macropus rufus) 

need to keep their testicles cool. 

back to testicles. Too much 
variation is not a good thing. 
In order to dampen metabolic 
activity and keep mutation 
within manageable levels tes
ticles are externalised ' and 
kept cool (via countercurrent 
heat exchange between the 
spermatic artery and vein). 

Why don't all mammals 
have externalised testes? We 
don't know. In dolphins, even 
though the testes are inside 
the body cavity, specific 
mechanisms are available to 
keep them cool. But that is 
not so for elephants. Here 
Short postulates that, because 
elephants have a long genera
tion time (bulls will not nor
mally breed before they are 
40-50 y ears old), the amount 
of variability injected (so to 
speak) into the next genera
tion must be maximised. 

So the strategy of external- "" 
ising the testes, rather than � 
providing protection from the 'rigours of an active life, is �
designed to put a damper on � 
the drive for diversity. 5 

-Uwe Proske �
� Monash University -
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Do American Crows rely on cars to crack open their nuts?

The Nutcracker 

Street? 

B
irds aren't, in general,
renowned for their abili

ties as intelligent thinkers. A 
small brain is, after all, one of 
the evolutionary concessions 
that comes with the capability 
for flight. Some bird-brains, 
however, aren't thought to be 
as limited as others. 

Take, for instance, the 
corvids-crows and their 
close relatives. umerous 
anecdotal reports of these 

birds carrying out supposed

ly intelligent acts have led to 

them being popularly regard

ed as veritable Einsteins in 

comparison to the rest of the 
avian world. 

Crows making use of mov
ing cars to crack open nuts 
strategically dropped onto 
roadways is one of the most 
often quoted behaviours used 
to support this. However, 
according to Daniel Cristo! 
and colleagues from the 
University of California at 
Davis, the scientific literature 

QUICK QUIZ 
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1. What colour is Leichhardt's Grasshopper?

2. In which direction do cyclones usually rotate in the southern
hemisphere?

3. What is a patagium?

4. What did Alan Hale and Thomas Bopp independently
discover on the night of 23 July 1995?

5. In orb-weaving spiders, which is usually the bigger sex: the
male or the female?

6. What do piscivores eat?

7. In which city and country was the December 1997
conference on world climate change held?

8. What is the term given to the widespread computer failures
that are predicted to occur on 1 January 2000?

9. How many genes are there in the human genome: 1,000
10,000 or 100,000?

10. Off which State of Australia is Franklin Island situated?

(Answers in Q&A) 

contains only three first-hand 

reports of such an act and 

those are based on uncon
trolled observational studies. 

To put these anecdotes to 
the test, the researchers car
ried out extensive observa
tions of the methods used by 
American Crows (Corvus 
brachyrhynchos hesperis) to 
open walnuts at two locations 
in Davis. They witnessed 
hundreds of cases of crows 
dropping walnuts onto roads, 
but saw no evidence of cars 
being used deliberately as 
nutcrackers. Crows were no 
more likely to place nuts in 
front of cars than elsewhere. 

The University of 
California team concluded 
that crows, like a lot of other 
birds, simply drop nuts onto 
any available hard surface in 
an attempt to break them 
open. There is simply not 
enough evidence, they say, to 
use the exploitation of mov
ing cars by crows as an exam
ple of avian intelligence. 

-K.McG.

Lynne Adcock, Danielle Clode, 

Karina Holden, Karen McGhee, 

Philippa Rowlands, Rachel 

Sullivan and Abbie Thomas 

are regular contributors to 

Nature Strips. 
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Established in 1985, the 

SW Wildlife Information 

& Rescue Service (WIRES) 

is the largest volunteer 

wildlife rescue organjsation 

in Australia. WIRES works 

to rescue injured, orphaned 

and distressed native 

animals, caring for them 

until they can be released 

back into the wild. 

In the last 13 years over 

160,000 of Australia's 

native animals, from koalas 

suffering burns from 

bushfire, to a snake caught 

in a drink can, have been 

rescued by WIRES. 

JOIN FRIENDS 

OF WIRES 

Friends of WIRES 

are valuable supporters 

and contribute to the 

ongoing costs of running 

a wildlife rehabilitation 

organisation. 

For just $30 a year you 

receive 'LiveWIRES' 

published quarterly, full of 

articles and news on 

wildlife research, debates, 

updates and rescue stories, 

a special introductory pack, 

and Membershjp card, 

certificate plus the 

satifaction of knowing 

you're helping to save our 

native animals and the 

environment. 

MAKE A DONATION 

Your financial assitance 

will aid WIRES in caring 

for sick, injured and 

orphaned wildlife and 

ensure the Organisation 

continues to give our 

precious wildlife one more 

chance. 

Mr/Ms/Miss .. 

Address ... 

..... Postcode ..... 

Phone 

o Yes I would like to join Friends Of WIRES at S30.00 

for a years subscription. 

-, 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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I 

I 

I 
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I 
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o Yes I would like to help WIRES. Please find enclosed 

my cheque/money order for a tax deductable 

donation of $ ........................ to give our wildlife one 

more chance. 

O I would like to be involved 1n WIRES work. Please 

send me more information. 

Post this coupon to: Reply Paid AAA29 
NSW Wildlife Information & Rescue Service (WIRES) 

PO Box 260 

Forestville NSW 2087 

L--------------.J 
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THE BACKYARD NATURALIST

Adult dragonflies normally live only _a few months, but

compared to larvadom it is a life twice as cutt�roat, t�n tzmes as

frenetic, and all set in a spectrum of psychedelic technzcolour. 

There it _could have worked its wa 
through JU�t about everything el Y 
before crawh�g out to 'hatch' into one�� 
those fa�tasllc cellophane Red Barons that cruise above the reed beds and 
along streams. 

Once out of the stiff Cartesian divin 
outfit and �P in the air, adult dragonflie! 
normally live only a few months but 
compared to larv�dom it is a life twice 

1 

as cutthroal, len times as frenetic lousy 
with ambush and pillag�, and all ;et in a 
spectrum of psychedelic technicolour 
Doomed in�ects such as _gnats, mosqui: 
toes, blow flies and mayflies are all inter
cepted in midair, grabbed by the drag
onfly's spiny feet, and then devoured on 
the wing or nibbled back at the perch
(dragonflies are grouped into 'fliers' or
'perchers' depe�di�g on how they 
spend most of their time). A few species 
pluck ('glean') sedentary insects from 
plant stems and some are cannibalistic. 

RAPT IN 

CELLOPHANE

DRAGONS

BY SfEVE VAN DYCK 

HAMPAG E CORKS WOULD 

have popped at our place if a pet 
goldfish had ever notched up a life span 
exceeding that of its original packet of 
fish food. Over the years a parade of fish 
and their terminal illnesses came and 
went, and despite a million scrubbings 
of the tank, the grim reaper was well 
rewarded for his aquarium-side vigil. 

Any fish with half a brain would jump 
out of the tank at night and kamikaze 
onto the floor to avoid meeting a more 
horrible protracted death. In summer, 
slime could overtake the tank within 
about three weeks. In that thick green 
lentil soup it was so difficult to tell when 
the inevitable capitulation to fungus or 
fin-rot took place that I could still be 
feeding them for weeks after all the fish 
had liquified on the bottom. 

Then, unexpectedly, came the gift of 
an air pump, a box filter and some algae 
killer, all items of technology as foreign 
to us then as sewered pipes and Toilet 
Duck. And, as an ultimate expression of 
c?nfidence in the apparatus, the present
giver threw in an additional item in the 
more familiar form of a fat goldfish a 
Celestial, with eyes goggling appropri
ately toward heaven. 

With us, a fat fish had a fighting 
chance o� living a week or two longer 
than a skinny starter, but it all went too 
well. The fish stayed plump and healthy 
the water stayed clear, and alas, the sue� 
cess went to my head. With an empty tin 
1 :an down to the creek and stocked up 
wit� free-for-alls. There were small fish, 
snails, . tadpoles,_ a craY!'ish with creepy 
l�ech-like par�s1tes on it, and a curious 
little four-centimetre aquatic insect that 
looked like a cross between a cicada 
nymph and the Creature from the Black 
Lagoon. 

_. .. and under a bank he saw a very ugly
dirty creature sitting, about half as big as 
18 

himself; which had six legs, and a �ig 
stomach and a most ridiculous head with 
two gredt eyes, and a face just like a don
key's. "Oh!", said Tom, ''You are an ugly
fellow to be sure!" (Charles Kingsley 
1863, The water babies). 

This innocuous-looking thing crawled 
around peaceably enough until, presum
ably, it got peckish. Then, instead of eat
ing water weeds or the fish food, it lined 
up the goldfish's fat paunch, shot out an 
appallingly hooked lower lip, and tore 
the poor fish's belly inside out. 

The alien pipsqueak was a dragonfly 
larva with a pirate's appetite for blood 
and gore, and a subaquatic life expectan
cy that might have reached a few years 
had it not been scooped out of the tank. 

In 1917 entomologist Robin John 
Tillyard watched a dragonfly " .. . flying 
round and round a small bush about 7 
p.m., when the mosquitoes were partic
ularly troublesome. After ten minutes it 
was captured. I found its mouth so full 
of mosquitoes that it was unable to shut 
it. There must have been over a hun
dred mosquitoe all tightly packed into 
a black mass." 

Of the world's 5,000 dragonfly 
species, Australia has at least 300, the 
largest of which (Petalura ingentissima
from tropical Queensland) has a 
wingspan of 16 centimetres, qualifying it 
as one of the world's biggest. But the 

DRAGONFLIES 

(including damselflies) 

Classification 
Order Odonata, 3 suborders: Zygoptera (damselflies) with 11 families in Australia, 
Anisoptera (dragonflies) with 6 families in Australia, and Anisozygoptera (2 spp. only 
from Japan and Himalayas). About 5,000 described spp. worldwide, over 300 spp. in 
Australia. 

Identification 
D�agonflies: Stout with fore- and hind wings dissimilarly shaped, eyes close together: 
Wmgs generally held out flat while resting. Larvae with internal rectal gills. Damselflies: 
Slender with �ore- and hind wings similar and paddle-shaped, eyes more widely . 
separated. Wmgs of most spp. brought together over the back when resting. Larvae with 
external gills that resemble three tail paddles. Size range: wingspan 18 mm (for the 
damselfly Agriocnemis rubricauda) to 160 mm (for the dragonfly Petalura ingentissima). 

Distribution 
Worldwide, some genera circumpolar. Australia-wide near permanent and semi- . 
permanent water (fresh, sometimes brackish or muddy never marine) but most species
coastal and tropical. 

' ' 

Food 
Adults eat mainly flying but occasionally sedentary insects. Aquatic larvae eat sm�II 
crustaceans, worms, the larvae of midges, mosquitoes, mayflies, tadpoles, small fish. 

Reproduction 
Eggs laid in fresh _water, larvae go through 10-12 larval stages. Larvae of a few spp.
known from leaf litter, all others aquatic. After a few months to a few years larvae 
�merge from water, split along back and adults emerge. Adults breed repeatedly during a
hfe span of a few months (excludes those that overwinter in dormant state). 
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S ectacular in colour and behaviour, dragon-
� are much sought after by collectors. 

n,es _____________ _ 

real jumbo-jet th_a
11
t _  cruised the Permian

forests 300 m1 _10
1
11 ye�rs ago 

f
was

Meganeura monyt. ts wmgspan o · 70
centimetres glorified dra_gonflies as the 
1 rgest insects ever to exist on Earth. a So spectacular i1� colour and behav
·our are dragonflies that they have 
�]ways been a prized, yet challenging 
target for collectors. ! recently heard of 
someone whose passion for tl1e dragon
flies he l�ved catching and keepin� �re
vented him from ever actually lalhng 
ct1em. Instead he �aref\llly filed tllem 
according to species 111 transparent 
paper envelopes, inside illuminated card 
drawers, taking them out regularly to 
feed up on flies tl1en putting tl1em back 
until they died 'naturally'. 

At close quarters dragonfly eyes,
which take up all the head space not
already taken by tl1e moutl1, are impos
sible to fatl1om. Scrutinising them pro
duces the same frustration generated by 
tllose ridgy-textured plastic 3D images 
we sometimes get on children's rulers, 
pencil sharpeners and tacky greeting 
cards. In theory, the eyes look tlle way 
tl1ey do because tl1ey are a composite of 
many long tele cope-like units called 
ommatidia packed togetller side by side 
like the wax cells of a beehive. Whereas 
some ants see tl1e world through a sin
gle ommatidium, dragonflies geared for 
sky-high grappling can have over 10,000. 

But it is tl1is insect's derriere that 
takes the cake for cunning stunts. In the 
vicious little aquatic dragonfly larva, the 
gills are found inside its expanded rec
tum. Instead of using its moutl1 like a 
fish to suck in water, extract the oxygen 
and puff the stale current out again, 
dragonfly larvae accomplish the huff
and-blow at the tail encl. It might be a 
bummer for halitosis, but for the enterprising nymph preoccupied with stalk
mg and gaffing tadpoles, it was only a matter of time before it discovered that some heavy breathing at the eleventh hour could blast it from its rock straight to th� �inner table where it could gobble sas�1m1 without pausing for a breath. B1ological tail-end and undercarriage �echnology reach their acme in the flyi�g adult male where the fuselage is tipped with gaffs evolved to grab a female and keep her handcuffed beforeand_ during mating, and often even upuntil the time the eggs are laid. What is�or�, during mating, the 'penis' spends1nfin,tely more time toiling as a dredge or ·1 
11
TLP1 e-?r!ver rather than a seed drill. '' ny this 111ordinate effort? 

8 
�er eme:ging as adults, dragonflies 

� p\e 
nd anyth111g fr?m a few day_s _to a co�

col 
of weeks feed111g and acqumng their

ceif
u r. They then move off on strong

gr 
0Phane wings to watery breeding

or
ounds, which may be either very close

anfeat distances away. Males set up
ere P

k
atrol territories ('bailiwicks') along

1 e s, to which the females eventually
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come when they have a batch of eggs 
ready to be fertilised and laid. After 
some midair scuffling to determine if 
the female is receptive, the male grabs 
her by the back of the head (or protho
rax in damselflies) using a pair of grap
pling hooks on tl1e end of his tail. They 
fly off in this 'tandem' position until she 
eventually swings the tip of her 
abdomen forward to link against the sec
ond abdominal segment of the male 
(under the wing attachments). to where 
he has already def tly transferred some 
surprise packages of sperm. Although 
there is a spicy hint of the Kama sutra 
associated with this copulatory manoeu
vre, it is officially known as tl1e 'wheel' 
position in polite entomological circles. 
This act, however, marks the point at 
which the penile skulduggery officially 
begins. 

In a typical slow mating procedure tak
ing 16 minutes, 15 of these might be 
spent by the 'penis' shovelli�g and s�rap
ing out the sperm of prev10us matings 
from the female's reproductive tract. 
Only during the last precious minute 
might he deposit his own. I� other 
quick-mating species, the penis may 
rapidly pack and sweep the sperm of 
prior donors into dark corners �f th_e 
female's reproductive tract, malang 1t 
less available for fertilisation than what 
he leaves behind. 

In promiscuous drag�rnfly circles �he 
last male that mates pnor to egg laying 
gets to call 95 per cent of the d_�·ag
onettes his own. So after copulation, 
instead of releasing the full ne_lson, he 
and his mate (if they're damselllies) may 
fly in tandem clown_ to the creek ":'he_re, 
like a Chinook helicopter, they clip the 
encl of her tail in and out of the water 

while she lays the eggs. Alternatively (in 
most dragonflies), the male may fly 
above the inseminated female and guard 
her from other suitors while she lays her 
(and his) eggs. 

Three hundred million years of evolu
tion have left dragonflies unrivalled as 
iridescent hedgehoppers, and tl1e coop
eration between male and females while 
egg-laying is touching to watch. 
However, an aura of paranoia surrounds 
dragonflies. With a lot less trust tl1an 
tl1rust and a lot more scraping tl1an rap
ing, an obsession witl1 'being the fatl1er' 
is almost palpable at every twist of tl1e
creek. But even knowing tl1e pedantic 
lengths they go to to establish father
hood, it is in:finitely more satisfying to 
enjoy dragonflies as flashy sky-pirates 
out in their Al Grasby coats, ratl1er than 
as what tl1ey probably really are ... frus
trated glitterati bogged down in their
perennial paternity suits. • 

Further Reading 
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RARE & ENDANGERED

The Yellow-crested Cockatoo has become

one of Indonesia's most endangered parrots.

YELLOW-CRESTED

COCKATOO

BY PAUL JEPSON 

OT LONG AGO FARMERS

in Australia and East Indonesia would 
have found common ground in their 
frustrations over crop-raiding flocks of 
'yellow-crested cockatoos'. Today, how
ever while the Sulphur-crested 
Cockatoo (Cacatua galerita) flourishes 
in Australia and parts of New Guinea, its 
smaller neighbour, the Yellow-crested 
Cockatoo (Cacatua sulphurea) of the 
Sulawesi and Nusa Tenggara regions, 
has become one of Indonesia's most 
endangered parrots. 

Superficially the eight subspecies or
races of the two species differ only in
size-all are white cockatoos with sul
phur-yellow crests. They are considered
distinct species primarily because there
is a break in the distribution of the four
smaller C. sulphurea races and the near
est C. galerita populations in Irian Jaya. 
The gap is in the Moluccan Islands, 
which are occupied by three other 
species of white cockatoo. The most dis
tinctive race of the sulphurea-galerita
complex is C. s. citrinocristata. Endemic 
to Sumba, Indonesia's southernmost 
island, it has an exquisite orangey yel
low crest and, because of this, some 
experts are suggesting it should be 
classed as a separate species, and the 
seven 'sulphur-crested' birds merged as 
one. 

Although C. s. citrinocristata has been considered endangered for some time it is only recently that the other thr�e races of Yellow-crested Cockatoo have bee� . added to the endangered list. .t. Noticing that visiting birdwatchers were � regularly failing to see cockatoos i BirdLife_ International and PHPA (th� � Indonesian Government's nature con� servation agency) mounted a series of 
i rapid status assessments between 1994 � and 1996. The results were alarming: � there had been massive declines every-8 where. Yellow-crested Cockatoo popula-
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tions are now extinct in Lombok (race 
parvula) and probably in North 
Sulawesi (race sulphurea), and the race 
abbotti from the tiny, isolated 
Masalembo Islands in the Java Sea 
totals just nine individuals! 

Interviews with village leaders and 
farmers revealed that 20 years ago 
flocks of Yellow-crested Cockatoos were 
a familiar sight; the general view is that 
trapping has caused their decline. Trade 
data show that nearly 100,000 Yellow
crested Cockatoos were exported 
between 1980 and 1992. This is a signif
icant number, yet the Tanimbar Corella 
(Cacatua goffinz), which is endemic to 
the 5,000-square-kilometre Tanimbar 
Islands and which was traded to a simi
lar extent, remains a common agricul
tural pest. Why has the Yellow-crested 
Cockatoo, with its massively larger 
range, suffered such a different fate? 

"Baretta", a popular American TV
detective show of the 1970s, featured a
tame Sulphur-crested Cockatoo called
Fred. This show stimulated demand for
the species in the USA. But because
trade in Australian parrots was forbid
den and Sulphur-crested Cockatoos
were protected in Indonesia, Yellow
crested Cockatoos were trapped and 
exported instead. Like their Sulphur
crested relatives in Australia, Yellow
crested Cockatoo flocks are loyal to a 
favoured roost tree and this appears to 
have been the reason for their downfall. 
Trappers wound horsehair Oater nylon) 
snares in the branches along with a 
tame decoy bird. However, climbing tall 
forest trees is a dangerous occupation, 
so in Sulawesi a safer technique was 
developed, requiring only one climb. 
Palm mid-ribs smeared with a sticky 
tree resin were placed in the branches; 
cockatoos brushing against them stuck 
fast and, mid-rib and all, tumbled to the 
ground. The method was so effective 
that whole flocks were caught at once 
and this may account for the Yellow� 
crested Cockatoo's extreme rarity in 
Sulawesi. 

By the mid 1980s prices had risen, as 
had an awareness of the ready market for cockatoos. In Nusa Tenggara, farmers who traditionally go in search of for-

est products during the long dry seaso when there is little work in the field ntook to collecting cockatoo nestlings 
s, 

further. pressuring already decimat; populat10ns. 
PHPA reacted_ promptly t� the surve res�lts by stopping exports m 1993, an� an mter-ag�ncy _ rec?very plan prepared toge�her with B1rdLife has _re�ently been published. An urgent pnonty was to inform villagers of th� species' plight and the trade ban. A simple visit to the Masalembo Islands was enough for community leaders to pledge to safeguard the last individuals of the belea

guered abbotti race. In East Sumba dis
cussions with the local government led 
to the Regent (District Officer) declar
ing the Yellow-crested Cockatoo the 
Regency's fauna! mascot and issuing a 
decree giving it full protection. Copies of 
the decree are being circulated to all 
Regents in Sulawesi and Nusa Tenggara 
with the suggestion that they follow
Sumba's lead. In remote islands and
regions, community leaders are being 
mailed with an attractive awareness
leaflet, and a program of regular press 
and radio articles seeks to generate 
wider public concern. The response so 
far is encouraging. 

Ending trapping may not on its own
lead to a strong population recovery, as 
the status assessment revealed addition
al threats. One is the loss and fragmen
tation of the cockatoo's favoured habitat, 
tropical dry forest, which is particularly 
vulnerable to shifting cultivation and 
rangeland burning. A 1995 study on 
Sumba indicated that Yellow-crested 
Cockatoos need forest blocks over 1,000 

hectares and there are few dry forests in 
the region's reserve network. PHPA, 
BirdLife and World Wide Fund for 
Nature are now working together to rec
tify this. Another concern is th� lo�s of 
nest sites. Studies in Sumbawa md1cate 
that the mature trees favoured by cock
atoos are also sought by villagers for 
timber. However, reports of Yellow
crested Cockatoos nesting in o\d 
Coconut and Lontar Palms, and even in 

sand banks, suggest that th�y might be 
quite catholic in nest-site choice, and th� 
recovery plan includes proposals for _tri
als with nest boxes, as well as focusing
on training for local PHPA staff. 

Sulphur-crested Cockatoos ai:e w?n
derful habitat generalists and, �th s;1· 

ilar protection from persecutton, e 
same might be the case for Yellow-cre�t
ed Cockatoos. In March 1997 in
Sumba's Langilluru reserve I saw four
pairs of cockatoos in an area where five
years earlier I had heard only onds 
hardly a scientific sur�ey, b�t g_r�t° ·u
for hope that this chansmatic b�r � .1. . ght 1none day again be a fam1 1at si 
Indonesia.• -_________ l_H_ad-of the Paul Jepson was for"!ler Y e 

1 d nesia BirdLife Jnternatzona_l S J�ool of Programme and is nqw t� the c 
Geography, Oxford University, UK 
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W I L D  T H I N G S

There was no autumn flush, no salute to the seasons,

just that "tiresome, shadeless never-green", as traveller

Godfrey Mundey put it. 

WHY EVERGREEN?

BY TIM LOW 

To THE PIONEERS, Ausr
ralia's forests seemed gloomy, monoto
nous and melancholic. Artist Ellis 
Rowan wrote in 1898 of "mile after mile 
of shadeless, grey, sombre-loobng gum 
trees, poor and scantily clothed, stretch
ing away in indefinite monotony". Part 
of the problem was trees that didn't 
shed their leaves for winter. There was 
no autumn flush, no salute to the sea-

sons, just that "tiresome, shadeless 
never-green", as traveller Godfrey 
Mundey put it. 

The evergreen nature of Australia was 
a puzzle to the pioneers, and it poses a 
question worth asking today, although 
one that has earned little attention or 
study. Why are so few Australian trees 
deciduous? 

Overseas, deciduous forests are more
widespread than most Australian think. 
They are certainly not confined to the 
cooler latitudes of the northern hemi
sphere. Most of the woodlands and 
savannas in Africa are deciduous, and 
there are vast deciduous forests in tem
perate and tropical Asia and South 
America-the Teak (Tectona grandis)

1 

forests of India and Thailand for ex 1 A 1. 
, arn.p e. uslra ia seems �osl out of ste when compared lo Afnca. The savann P there can_ look remarkably like our 0�� back, until the dry-season leaf drop Th few evergreen trees are found cli�g" e

to w�le!-courses �nd ler_mite mounds'.
n

g 
W1th111 Australia, deciduous trees a by no means rare, with the odd specir

e
found in many habitats. White Ced�

s 

· 
(Melia azedarach),

. 
for instance, a we][ known tree of ra111forests and dam eucaly�l fo_resls in northern and easter� Australia, 1� compl�tely winter decidu�us. But this plant 1s almost the excep

t10� that proves the ru_le-it is native to Asia as well as Australia, and it obvious
ly evolv�d il� deciduous habit therebefore chspers111g lo Australia. 

To find largely deciduous forests we
must travel to the montane beech 
forests of Tasmania (where Deciduous 

Beech Nothofagus gunnii dominates the 
under torey), or the monsoon rain
forests and woodlands (which usually 
have evergreen eucalypt canopie ) in 
northern Au tralia. In both places it i 
easy to see why leaves are seasonally 
shed. Tasmania' mountains enjoy a 
chilly winter, and northern Australia 
gets incredibly dry-90 per cent of 
Darwin's rain falls between ovember 
and April, with winter virtually rainless. 
It makes good sense for trees to shed 
their leaves before this time, rather than 
lose vast amounts of water through tran
spiration. 

The real question is why deciduous 

In the woodlands of the Top End, deciduous shrubs such a s Aborigines harvest the tap roots and fl 
s Kapok Bush ( Cochlospermum frasen) grow beneath a canopy of evergreen eucalypt ·

owers as food.
22 
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trees and shrubs do not t!1rive farther 
outh, in the deserts and and woodlands 

5 

f outback Australia, where condition 
�eem so mu�l: like Africa. Judy E:gan 
and Dick _vVilhams, two c;smo biolo
gists, studied �oodland sites al?ng a 
transect running from Darwin to 
Tennant Creek, and found that the pro
portion of deciduous plants dropped as 
they went sou_th, from almost 14 per cent 
around Darwm, to only two per cent at 
Tennant Creek. 

T he explanation for this lies in 
Australia's erratic rainfall. Rain in central 
Australia, unlike the monsoon north, is 
unpredictable. Tre�s and shrubs need t? 
be quick to exploit water whenever 1t 
falls, and the best way !O be prepared is
to carry foliage at all bmes. Our larger 
outback plants have thus evolved tough, 
thin, long-lived leaves with protective
cuticles 01ence the grey look). Africa is 
as drought-prone as Australia, but since 
rain never falls in the well-demarcated 
dry season, it is counterproductive to 
carry leaves then. Instead, the plants 
produce rather soft, short-lived leaves 
designed for one wet season. 

Australia' infertile soils also con
tribute to our evergreen status. In the 
northern hemisphere, there are promi
nent forests of evergreen b·ees-made 
up of pines and other conifers. On fertile 
soils, deciduous b·ees usually outcom
pete conifers, but under harsh condi
tions, where winters are severe or 
soils infertile, conifers take over. 
Ecologically, eucalypts and pines appear 
to be close analogues. Most of them are 
quick-growing, aromatic, thin-leaved, 
sclerophyllous (tough-leaved), fire
adapted trees that dominate well-drained 
infertile soils. Because they grow so fast 
on poor ground, they are the most wide
ly planted timber trees in the world. 
Eucalypts are more obvious in Australia
than pines in Europe because our soils 
are so much worse. On infertile soils 
nutrients are so hard to come by that 
t�ees cannot risk losing them by drop
pmg their leaves each year. Instead, 
t�ees and shrubs produce tough, long·
hved leaves. 

The dominance of evergreens in 
Australia must have profoundly influ
enced the evolution of our animal life. 
Browsing mammals find sclerophyllous 
leaves much less digestible and palat
able than those carried by deciduous 
shru?s and trees, which may help 
explam why Australia has relatively few 
b:owsing mammals. For insectivorous 
birds that feed in foliage, evergreen 
fo_re�ts _ can be occupied year-round, ehm1�at111g the need for migration, and 
allo�m? for the development of highly 
te�ntonal societies as seen in Noisy 
M
B 

mers (Manorina melanocephala) and 
ell Miners (M. melanophrys). Ever

green forests also drop fewer leaves 
than deciduous forests (although the 
\eaves_ are tougher and decay more slow
Y), �1th a corresponding influence on 
the litter fauna. 
NATURE AUSTRALIA SPRING 1998 
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The dominance of evergreens is yet
another of those uniquely Australian 
characteristics that can be explained by 
our infertile soils and unreliable rains. • 

Further Reading 

Egan, J.L. & Williams, R.J., 1996. Lifef
_
orm distributi

_
o
_
ns 

of woodland plant species along a moisture ava1labil1ty 
gradient in Australia's monsoonal tropics. Aust. Syst. 
Bot. 9: 205-217. 

Woinarski, J.C.Z., 1985. Breeding biology and life his-

The Cape York Lily (Curcuma australasica) is 

one of the many deciduous herbs found in 

Australia's monsoon tropics. It sprouts new 

leaves each wet season from an underground 

rhizome (stem). 

tory of small insectivorous birds in Australian forests: 
response to a stable environment? Proc. Ecol. Soc. Aust. 
14: 159-168. 

Tim Low is a Brisbane-based environmental 

consultant and nature writer. 
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The earth is so important 
for these species, that even their 
'honeymoons' are spent below 
ground. 

F
ROGS IN THE AusrRALIAN FAMILY 
Myobab·achiclae are often 
referred to as ground frogs, 
and rightly so. The vast 

majority of the 1qo or _so 1:nyob�lra�hicl 
species spend their entire lives e1lhe1 on 
or below the ground. 

The Turtle Frog (Myobatrachus
gouldit) and its near relative the Round 
Frog (Arenophryne rotunda) fro!fl the 
south-west of Western Australia are 
ground frogs in the extreme. The ea_rth
is so important for both these species, 
that even their 'honeymoons' are spent 
below ground. Male and female Ro�ncl 
Frogs pair up in late winter or spring, 
and then spend at least five months 
together in fossorial foreplay, before sub
terranean sex and egg laying. The 

GROUND 

FROGS 

ON THE 

RISE 

Turtle Frog has 
gone one step fur
ther. Nol only 
does it partake in 
u n d e r g r o u n d  
affairs, it also 
dines down in the 
dirt. Turtle Frogs 
eat termite and, 
although no-one 
has seen them 
feeding in the 
wild, it's possible 
they need only 
find a termite 
gallery to obtain a 
steady supply of 
s e l f - p ro p e l l i n g  

BY DON DRISCOLL sustenance. 
Besides bizarre 

sex lives, Turtle 
and Round Frogs 

are among the weirdest looking frogs. In 
appearance, Round Frogs are essentially 
the size (about three centimeb·es long) 
and shape of squashed dumplings, with 
four stumpy legs. Multiply the Round 
Frog's weird factor by ten and you get 
the Turtle Frog. Imagine a neck less, tail
less turtle with its shell peeled off and 
you'll have an image that approximates 
the Turtle Frog! Male Turtle Frogs are 
about four centimetres long, while 
females are usually larger and may be as 
lo�1g as five centimetres. They have 
minute eyes on their pimple-heads, and 
short, _Powerful limbs equipped with 
spa?e-hke hands and feet for digging. 
Un!1ke most of the other ground frogs, 
which burrow backwards, Turtle and 
Round Frogs use their powerful fore
arms to burrow head.first into the sand. 

W
ITH THE Rou D AND TURTLE FROGS as its closest relatives il is not surprising that Nicholls'' Toadlet (Metacrinia nichollsi) is also reputed to be a committed denizen of terra firma.

The Round Frog, like the Turtle Frog, spends 

most of its life in the sand. 

Nicholls' Toadlets live in the highest 
rainfall areas of the south-west of 
Ausb·alia. They are u ually found U1_1der 
rocks or logs, and have been descnbed 
as fillino- the niche of a caecilian, those 
burrowing, worm-like amphibian of the 
b·opics. I was therefore somewhat flab· 
bergastecl when, on a particularly wet 
February night, I tracked clown the _call·
ing positions of these tiny (lwo-centim_e· 
b·e-long) frogs. They were perc�ed 10 

bushes, tanding boldly but precanousl�
up to 50 centimeb·es above the ground. 
From below, they presented an extJ·aor· 
dinary sight. icholls' Toadlets have 
orange spot on their armpits and le�s, 
and a blue-and-white mottled belly. With
vocal sac distended, the orange flashes
were like beacons OA the grey-blue 
background. 

This is exb·aordinary behaviour for a
myobatrachid frog. None of t11e other 
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members of the family calls from 
exposed perches on plants. The only 
myobatrachids that do call from plants 

1 are dependent on the ground-like prop
, erties of the plants they climb, and are

always well hidden. For example, 
Pouched Frogs (Assa darlingtoni) from 
south-eastern Queensland and northern 
New South Wales occasionally climb 
plants in search of suitable breeding 
habitat. After rain, they call from leaf litter trapped in the nooks and elbows of 
rainforest plants, up to one metre from 
the ground. Similarly, Karri Frogs 
(Geocrinia rosea) from the south-west 
corner of Western Australia occasional
ly build their breeding burrows in leaf > \1tter that has accumulated on fallen 

l 0�s. There are also a few myobatra, chids that breed in moss, and so techni-
�e plant-climbers. These include 
The Turtle Frogs are beautiful creatures, once
;0u Qet to know them. They have powerful 
orelimbs used to burrow headfirst into the
sand. 
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Nicholls' Toadlet is the only ground frog that calls from exposed positions in plants. T his male was calling 45 centimetres above the ground on a sandy ridge. 

the corroboree frogs (Pseudophryne cor
roboree and P Pengilleyz), the Baw Baw Frog (Philoria frostz) and the Moss Froglet (Bryobatrachus nimbus), which live in alpine areas in New South Wales Victoria and Tasmania respective!/ Given the ground-like properties of sphagnum bogs, climbing through moss does not really compare lo the arboreal antics of Nicholls' Toadlet. 

We know virtually nothing about the 
26 

biology of Nicholls' Toacllets. There 
have been no formal studies but, based 
on anecdotal evidence, they seem to have a bizarre and varied approach lo life. Besides calling from shrub , th y also call from the ground, and from burrows of other frog species. Once I even discovered a female calling from a shallow burrow! The call was different from a typical toad let call and, when I tracked the intriguing sound through the swamp 

to its source, I came across a large andplump Nicholls' Toacllet. In virtually all frogs, only the males call, so if female Nicholls' Toa�llets really do call, it is quite exlraorclmary. 
Reports from early this century pointed towards the fantastic possibility that the e small blue frogs may live in the nests of the ferocious bull ant Myrmecia 

regularis. Several dozen frogs werefound in bull-ant galleries beneath a log near ManjimuJ? in 19�7 and could only be collected usmg a pair of long steel forceps. Fifty-two frogs were also found in the entrances and galleries of an active 

This tiny frog might 
have evolved a mutually 
agreeable relationship 
with an ant that most 

people in the south-west 
loath and fear. 

bull-ant nest near Augusta in the same 
year. Although this extraordinary asso
ciation was reported by several 
observers between 1926 and 1945, the 
phenomenon has not been reported 
since. icholls' Toacllets have been 
found in places other than bull-ant _cham
bers throughout their recorded history, 
so they have never been to�l\y confin�d 
to ant nest _ Nevertheless, 1t 1s an entic
ing idea that this tiny frog miaht h_ave 
evolved a mutually agreeable rel_at1on
ship with an ant that most people 111 tbe 
south-west loath and fear. 

. , 
The reproductive cycle of tchol!s 

Toad lets is also somewhat of a mySlet �
They call from late spring t? summ

1dbut the only records of eggs 111 the!�) were both from March (1929 a11cl 1 
Does this species have a 'honeymoon?
period like the Round and Turtle Frog\ There were 25-30 large eggs (4.5 rnt · 
Iimetres in diameter) and, in both ca

h
ses, 

cl - h tl o·as T ese adults were foun wit ie e,,,, · f Iearly observations may represent one_
�
_ 

a few records of both frog par_ents gua i
) ing egg (see Nature Aust. :iVmter \

9�h�
However it is also possible tha 

d' . . . . tl eo·as an adults were mcl1fferent to ie 
"':"'I lls'just had nowhere better to go. _ 1��

0 

allToacllets, Round and Turtle Ft 0
':" tliecl 1 · g·g· whet e have direct- eve opmg e 

' 'tl · the tadpole stage occurs entire 1Y.
0
w1 

a�'fulll' egg capsule, and they emet ,,e 
formed froo-s. . r and 

icholls' Toacllet is an en��ma
1
��

gel
)' 

remarkable frog. Althou,,h 
. ·estsunstudied, the little we know sugg 
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Nicholls' Toadlets, at around two centimetres 

in length, are small frogs confined to the 

forests in the high-rainfall areas of south-west 

Western Australia. 

that it harbours a variety of bizarre,

almost unimaginable behaviours, espe
cially for a 'ground frog'. Together with
the Round and Turtle Frogs, the three
species in Western Australia form an
incredible group of strange-looking 
frogs with underground sex and a behav
ioural repertoire that extends from the 
subterranean to the shrubs. • 

Further Reading

Barbour, T. & Loveridge, A., 1929. On some Australian

toads of the genus Pseudophryne. Copeia 1929: 
12-15.

Glauert, L., 1945. Some Western Australian frogs. The 
Aust. Mus. Mag. May 31, 1945: 379-382. 

Maxson, L.R. & Roberts, J.D., 1985. An immunological 
analysis of the phylogenetic relationships between two 
enigmatic frogs, Myobatrachus and Arenophryne. J. 

Zoo!., Lond. (A) 207: 289-300. 

Roberts, J.D., 1990. The biology of Arenophryne rotun
da (Anura: Myobatrachidae): a burrowing frog from 
Shark Bay, Western Australia. Pp. 287-297 in Research 
in Shark Bay. Report of the France-Australe 
Bicentenary Expedition Committee, ed. by P.F. Berry, 
S.D. Bradshaw and B.R. Wilson. Western Australian
Museum: Perth.

Dr Don Driscoll is a Temporary Senior 
Conservation Officer with the Threatened 
Species and Ecosystems Unit of the 
Queensland Department of Environment. 

Orange ventral patches on a blue-and-grey background are characteristic of Nicholls' Toadlet. The patches are like beacons when these enigmatic 
creatures ascend vegetation to call.
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A
S THE BOAT NEARED THE EST 

ite we spotted her above, 
skimming along the cliff top, 
relaxed but obviously head

ing somewhere. We got around the next 
river bend just in time to see her drop 
over the cliff to intercept a small flock of 
Galahs winging their way upstream. A 
puff of feathers and it was all over. The 
Peregrine Falcon carried the limp Galah 
to the cliff where she began lo pluck il. 
We decided that she must have spotted 
the Galahs from a distance, as they 
wound their way along the river, and 
staged an ambush. 

Another day and another place, the 
sickle shape of a male Peregrine materi
alised from nowhere to slice through a 
ragtag flock of Common Starlings. In the 
blink of an eye, he angled through the 
mass and banked up on the far side 
clutching a small dark body in his talons. 
Too late, the startled flock exploded into 
a squawking melee, then massed into a 
tight knot. 

I have studied Peregrine Falcons 
(Falco peregrinus) for over 20 years and 
could probably count on the fingers of 
one hand the number of times that I 
have witnessed a Peregrine actually 
making a kill. It is a rare and awesome 

privilege. To me they are superlative 
predator that hunt birds on the wing, 
sometimes al great speed. In level flight 
they can overtake many other birds and 
their spectacular sloop, a sleep dive in 
pursuit of prey, has been reliably mea
sured al up lo 180 kilometres per hour. 
They dispatch their prey quickly and 
cleanly, by the force of the impact of 
their feel, or by reaching down and sev
ering the spinal chord with a bile to the 
neck. Yet, occasionally, they are viewed 
as cruel bird killers-much maligned by 
some sections of the pigeon-racing fra
ternity for their alleged decimation of 
flocks. While Peregrines certainly take 
pigeons, they are just one of many haz
ards facing racing pigeons. Making 
Peregrines the scapegoat will not signif
icantly reduce pigeon racers' losses. 

Whatever your viewpoint, il may come 
as a surprise to discover that Peregrine 
Falcons are gentle, attentive parents. 
Indeed falcons have a somewhat con
ventional home life. It takes two to raise 
a brood and the male and female coop
erate by taking on separate, complemen
tary duties. The smaller male does 
much of the hunting, while the female 
stays around the nest incubating the 
eggs or brooding and minding the 

chicks. The male may bring home the 
'bacon', but typically he gives it to the 
female to tear up to feed the chicks and 

herself. If he doesn't bring home 
enough, he may even be abused by the 
family members who scream at him 
mercilessly until he is forced to resume 
hunting or to fly to a perch out of sight. 

The Peregrine is probably one of the 
best studied of all raptors. I have been 
researching the general biology of a pop
ulation near Canberra since 1975. Jn the 
early 1990s I felt it was time to study 
some of the finer points and, in particu· 
l�r, to investigate the relative contribu·

tion of each parent and to ask what

makes a good parent. While this maY 
seem a rather academic question, it has

Peregrine Falcons are specialist bird hunters 
that capture prey on the wing. Here a young
falcon, a few months post-fledgtng, closes in 
on a domestic pigeon, a straggler from a 
racing flock. 
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profound implications, for it is the good 
parents that contribute most to future 
generation . Good parents are also like
ly to be the offspring of good parents. 
Because they are the link between the 
Past and the future, good parents also 
told �lues to the evolution of certain 
ehav,ours and characteristics. 

My FIELD SEASO BEG! s ABOUT 

h.k 
sp�ing when, after some steep c� mg with yack� of abseiling gear, I 

1 
eck nest sites with the help of my col�a

�ues to see whether they are occup,e · Typically, Peregrines in my study 
area lay . S nestr . eggs 111 eptember, have
fled 

in�s 111 October and their chickst t
he 

ge 111 No_vember. In about August, b . male beg111s to court the female and 
i;ing her prey as part of the pair-boncl
th

g pr _ocess. The general consensus is
Pea� �,s. prey-delivery skills during this
erf1°. Influence the female's breedingort. l( the male is a good provider clur-
NATURE AUSTRALIA SPRING 1998

ing courtship, chances are he will al o 
be a good provider for the family. Thus, 
during courtship the female may be able 
to judge what sort of a provider the male 
is and scale her reproductive effort 
accordingly. If he is a poor provider, she 
does not gain enough weight to produce 
eggs and will not breed. If he is a 
mediocre provider, she may lay two 
eggs; if a reliable provider, then three or 
even four. 

In some birds of prey, further finetun
ing to family size occurs once the 
nestlings have hatched. If prey is carce, 
the weakest nestlings die or are killed by 
their siblings. This is known as the 'Cain 
and Abel struggle', after the biblical 
story of competition between two broth
ers, and the parents have liltle direct 
influence over the conflict. It seems 
harsh, but the stronger chicks have a 
better chance of survival if they do not 
have to share food with weaker nest 
mates. However, among Peregrines, 

With a downy chick tucked under each wing, a 

female Peregrine hunkers down for the storm. 

ne tling life is relatively peaceful and sib
licicle is unknown. A few new hatchlings 
die if food unexpectedly becomes 
scarce, but once they are through the 
first week, most chicks survive to fledge. 

Having hatched between one and four 
chicks, most often two or three, the 
female continue to spend much of her 
time on or near the nest. She broods the 
nestlings until they are around ten clays 
old, by which time they are well covered 
with thick clown and can regulate their 
own body temperature. After they reach 
this age she begins to cover them main
ly at night or during storms, and spends 
longer periods perched near the nest 
rather than on it. 

The male occupies much of his clay 
hunting or perched near the nest. When 
he returns from a hunt he may call the 
female off the nest and pass the prey to 
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PEREGRINE FALCON 

(Falco peregrinus) 

Classification 
Order Falconiformes (diurnal birds of prey, including eagles, hawks, kites and harriers),family Falconidae (falcons and allies). 

Identification 
Medium-sized, compact falcon. Wingspan 80-105 mm. Males weigh approx. 600 g,females 900 g. 

Reproduction 
Annual breeder. Clutch of 3 (1-4) eggs laid late winter-spring, generally earlier in warmer areas than elsewhere. Incubation 33 days; chicks fledge after about 6-7 weeks innest. Male hunts for family, female cares for eggs/chicks and hunts a little later in nestling period. Does not build a nest; uses cliff ledges, tree holes and nests of other largebirds, especially Wedge-tailed Eagle (Aquila audax), occasionally tall city buildings andother man-made structures. 

Habitat and Distribution
Prefers ope� country for hunting, usually near water and with high vantage points (cliffs, trees, b.u1ldmgs). Amo�g the most widespread of all bird species; on all continents, exceptAntarctica, and many islands. Occurs Australia-wide, but scarce in deserts.
Status 
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In t�e 1960s to 1980s organochlorine pesticides caused widespread global populationdeclines, although only local declines in Australia. Now relatively common and secure.

A female Peregrine arrives at a perch to 
collect partly plucked prey from a much 
smaller male. Such transfers are part of the 
courtship process and, later, the female 
ferries the prey to their nestlings. The male 
Peregrine supplies nearly all the food for the 
breeding attempt. 

. I her at a perch. Sometimes he goes to the 
trouble of preparing the meal by pluck· I 
ing feathers from his catch, but us�al�y 

1 
he leave this to the female. If the ch!cks 
are small they beg at tJ1e sound or sight ' · 1· f flesh of her and she places bny s 1vers o 
in their upturned beaks. he calls 'ch�P 

tJ (lre softly to encourage them as 1ey 
quickly and drop off to sleep. When_ t:�a 
are large, they crowd around hei 
grab the meat offered in her beak. . Iften in a The parents cache prey,_ 0 

. ti 11 crevice or under a clump of vegeta � 
This i usually the ta�k of the feToi

e
� who lakes any prey 111 excess 0

1 echicks' immediate needs t? one ?f ��!�nlarders. he usually re1;neve5._ it
�en wiiliin a day, during a qu1et_µe1 w d

d [or athe male hasn't returned with foo awhile. Jn this way she helps to l�eep up 
regular upply o( food lo tJ1e chickMarkOne of my Honour student.s, st Boulet sat in hides al Peregrine ne 

, 
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·t s and noted any prey brought to the
51 e tJ°ings over a three-hour period. The 
;1�Jes are small 'tent '. designed to keep 
J1 

observer out of sight of the falcon 1
d to allow an unencumbered view of 

tl�
1

e nest. Mark's studies showed that the 
i male does . not appear to �a':'�ur anye 

·ticular chick. After a few 1111tial fran
��

1 
grabs, mealtimes are quite orderly 

£fairs. Generally, the female passes a 
ost food to the chick closest to her 

��1til it nears satiation, and_ then she
feeds the next. ot eve1:y chick may be
fed equally at any part1cula_r meal,. but
after several meals every chick receives
a similar amount f?r the day. Even
female nestlings, which by about t_hree
weeks of age are half as heavy agam as 
their brothers, do n?t eat a great deal 
more than male chicks. The females 
could use their size advantage and larg
er weaponry (talons an�! beaks) to dom
inate the males at mealtimes, but do not. 
One reason for relatively squ�bble-�ee 
mealtimes may be that Peregnnes bnng 
in large prey, typically from s�rling- to 
pigeon-size, so that there 1s often 
enough for everyone. Another explana
tion may lie in the finetuning that 
occurred when the female 'decided' to 
lay a certain number of eggs based on 
the male's provisioning abilities, so that, 

�1uile possibly, in mo l cases lhe brood 
1s o�ly as large as the male can upporl. 

1L 1s lhe female' job lo defend lhe nesl
from poten�ial predators. She swoops at 
unwanted mtruders, such as lhe odd 
goanna or even Tasmanian Devil and 
occasionally hits them or rakes 'them 
with her talons. Her loud, stridenl 'cack 

-

The parents continue to bring them prey, and are often harassed and chased around. the sky by a gaggle of hungry, sc�·�ammg youngsters. Perhaps not surpnsmgly, the parent spend a lot of time aw�y from the fledglings during the day. This _may be �iri:1ply because they are out huntmg, but 1t 1s tempting lo think they 

he parents continue to bring them prey, and are often 

harassed and chased around the sky by a gaggle of 

hungry, screaming youngsters. 

cack cack' can be a deterrent in itself 
and often brings the male winging back 
to the nest to help drive away the offend
er. She also makes sure that the chicks 
stay around a comfortable temperature 
and broods them if they are cold, shades 
them from hot sun and shelters them 
from the rain. 

Once the chicks fledge, at about six or 
seven weeks of age, they stay in the par
ents' territory for a couple of months. 

make themselves scarce for the sake of 
peace and quiet! The fledglings gradual
ly learn to hunt for themselves while 
being supplemented by their parents. 
Parental guidance is not essential
fledglings can learn to hunt in the 
absence of parents provided they are 
given some food-but the youngsters 
may learn more quickly by observing 
their parents or following them to good 
hunting spots. 



These two young Peregrines, between six and seven weeks of age, are almost fully grown and ready to fledge. As is typical, the smaller male (at 

left) has lost more down than his sister, and will fledge a day or two before her. 

W
HAT, THE , MAKES A GOOD FATHER? 
Because males provide about 85 

per cent of the prey needed to support 
successful breeding, it might be expect
ed that the best providers are also the 
most successful breeders. This seems to 
be the case, and fathers that provide a 
regular supply of prey do raise larger 
broods. My studies have shown that, 
during the first five days after their 
chicks hatch, males deliver an average 
of one prey item every five 
hours to broods of one, but 

ing skill and prey availability. Another 
aspect of territory quality is nest-site 
quality. Females paired with males that 
hold a territory with a safe, dry nest tend 
to produce more chicks than those with 
a poor nest site. This is because 
Peregrines lay in about September when 
spring storms may flood nests, prevent
ing laying or killing the eggs or tiny 
nestlings. Thus, parents that have 
access to a good-quality nest site are 

tive and protective of their young than 
Iothers. This could be attributable to dif

ferences in experience and/ or differ
ences in temperament. The most aggres
sive female in my study area is far and 
away the most successful breeder. My 
colleagues and I dread climbing up to f 
her nest, which invariably contains three 1 

chicks. She kicks up such a fuss and 
strikes us over and over so that we not
only fear for her safety but for our own 

as well. Studies of other 

one prey item every two
and-a-half hours to broods 
of two and every two hours 
to broods of three. And if 
male hunting skill is impor
tant, what are the charac
teristics of a good hunter? 
One suggestion is that 
small males are the best 
hunters because they are 

I dread climbing up to her nest. She kicks up

raptors have shown that
larger females tend to be
more successful breeders

( over their lifetimes than
smaller females, in part
because they begin to
breed at an earlier age and

such a fuss and strikes us over and over so 

that we not only fear for her safety but for so have the opportunity to
produce more offspring.

more agile than larger 
males, and this gives them 
an advantage in the pursuit of their aeri
al prey. 

Nevertheless, it is difficult to separate 
male hunting skill from territory quality. 
Mal�s . �re the territory-holders, so the
poss1b1hty remains that males with the 
best territories, containing abundant 
food, a_r� the best providers. Most likely, 
the ability to be a good provider is the 
result of some combination of male hunt-
34 

our own as well. 

advantaged over those that do not. An 
expose� nest on a cliff ledge may be ade
�uate in a dry year, but open to 
inclement weather and subject to run-off 
or flooding in a wet year. In contrast, a 
nest ledge with an overhang above and 
good drainage will be secure under most 
weather conditions. 

Are some mothers better than others? 
Certainly some females are more atten-

Early results from �� stud
ies indicate that this is also
the case with Peregrines. 

Indeed the number of off
spring produced ove1'. a lifetime is a bet
ter measure of parental fitness than �e
success of an individual breeding
attempt. Parents that rai e the �os:
chicks are the most likely to contnbut 
to future generations; that is, the i:no�e
offspring they produce, the more_ hke �
it is that some of those offspring will sur 
vive to breed themselves. Among _tild

e 
few birds of prey that have been studie 
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1 a few parents actually �ontTibute
o
f
nl ring to future ge_nerat10ns and

0 ?oductive succe s vanes enormou ly
reP1 

• d · · d I F · 1 tween 10 1v1 ua s. 01 examp e, 
be 

ng female European Sparrowhawk

fl
n

d
o

glings (Ac�ipder nisus) only aboul
e 
e-third survive and attempt to bre�d,

on
d only one-quarter end up producmg

� 
a
�ung. Of the 25 per cent ?r so that �ro

yd e youno- the numbe1 of offsp1 mg
uc "'' . 

i:. I. I roduced varies w1dely, .LCOm one c 11c <
P a lifetime up to 29. In fact, only seven
'
0
er cent of European Sparowhawk .tledg

f <1S produce 90 per cent of the young-
I '�:�-s in the next generation. Alth�ugh

( �1ere are no good data �or _ Peregnn_es,
l the figures are probab!y snnilar. Lookmg

l 
t pa.rental success this way, only seven

;er cent of females ar� good par�nts! 
Another way to 1�crease lifetime

reproductive success ,_s through cuck-

oldry. Although _Peregnnes are monoga
mous, it is possible_ that the female may

> mate with a wandenng ma_le, as h�s ?een
observed in some other birds. This 1s an
easy way for a male �o increase �is
reproductive success at little cost_ to hn�1-
self because some other male raises his
chicks. I am using fingerprinting with
D A extracted from a tiny blood sam
ple, to reveal whether the_ chicks in a
brood are of mixed patermty. However,
early indications are that there is little
cuckoldry in Peregrines. Perhaps, 

b 

bec�us_e o! _ the tre!nendous huntingeffo, l I eq�n eel to raise a brood, malesensure lhe1r paternity by means such asfrequent _copulation and defence or alarge ternlory. Up to 15 copulation per�ay ha�e been observed in the pre-laymg peno�. Such apparent excess may
�erve lo dilute the sperm of any compel
mg male. 

So, what m_akes a good Peregrine par
ent? A potential good parent musl have a 
dependable partner, a high-quality lerri
lory and a sheltered nesl site. In particu
lar the male must be a good hunter and 
provider, and the female musl be able to 
recognise these qualities in him. In gen
eral, larger females seem lo be more 
successful parents than smaller females 
while the converse might apply lo males'. 
However, chance events can foil even 
the best-laid plans. Heavy storms and 
high winds may destroy nests, eggs or 
chicks and even the adults themselves. 
Further, because Peregrines reach such 
great speeds while hunting, they are 
also subject to fatal accidents, such as 
collisions with high-tension electricity 
cables. Good Peregrine parents there
fore also need a fair amount of good 
luck. 

Understanding what makes a good 
Peregrine parent does more than simply 
satisfy the curiosity of a fellow parent! It 
can help us manage other raptor species 

-

that �re not as well off. Often too fewrema,_n of a rare specie to be able to do�11ean111gful research on them. However111 rn_any cases, knowledge gained fro,�slud_,es of common species can be�ppli_ed to such threatened species. And,111 this _ day and age of the restricted con
servation dollar, where we often have ton:iake "Sophie's Choice" type of deci
�101:is. regarding which o( the threatened111d1v1duals are best saved or assisted
such guidelines are extremely useful. a
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I have spent the last decade researching 
the various reasons why people in our region 

keep and transport captive wild species 
and its impact on ecosystems. 
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W
HILE J WAS O SELAYAR 

Island to the south of 
ulawesi, I came across a 

Common Spotted Cus
cus (Spilocuscus maculatus). Il was tied
to a villao·e shade tree via a long cord 
leash and wai t band. Caged, tethered or 
tamed animals are a common sight 
throughout the Circum New Guinea 
Archipelao-o of Indo-Melanesia, the 
chain of islands that stretches from 
Sulawesi and the Lesser Sundas in the 
west to the Solomon Islands in the ea t 
and Torres Strait in the south. But this 
particular tethered cu cus bothered me. 
After all, the people of Selayar are devout 
Moslems who, unlike their Christian 
counterparts in central and northern 
Sulawesi, do not eat cuscus. It was also 
strange because Selayar Island has the 
world's most isolated Common Spotted 
Cuscus population, with the nearest 
neighbouring population lying 700 kilo
metres away in the Moluccan Islands. 
Given that it is exb·emely improbable 
that cuscuses could survive rafting that 
distance on a mat of vegetation or float
ing b·ee, it was most likely introduced by 

· ancient cuscus-eating seafarers in pre
Moslem times.

Stimulated by such encounters, I have
spent the last decade researching the
various reasons why people in our
region keep and b·ansport captive wild

PHILIPPINES 

• 

species and its impact on ecosystems,
zoogeography and gene pools. Wha� is
surprising is the degree Lo which
humans have meddled with island popu
lations and, as a result, changed the
course of evolution. Furthermore, a pop
ulation Lhal appears natural, after a little 
bit of hi torical research, may some
times turn out Lo be an artefact of either 
accidental or deliberate human translo
calion. 

W
HY DO THE PEOPLES or OUR region 
keep captive wild species? During 

the course of my research, I have found 
that the principal reason is for food or 
feast purposes. In the absence of refrig
erators, a reality of the past and an ongo
ing reality in poor rural areas of 
Indonesia and Melanesia, wild animals 
may be temporarily kept alive in a 
bound, tethered or caged state (much 
the same as lobsters in a seafood restau
rant) as a means of keeping a ready sup
ply of fresh meat. This is referred to as 
keeping a living larder, and sometimes 
also involves fattening an animal for the 
table or raising a juvenile to maturity in 
time for a ceremonial feast. ome of the 
main animals traditionally utilised in the 
Indo-Melanesian Archipelago for this 
purpose are various deer, monkeys, cus
cuses, wallabies, cassowaries, pythons, 
monitor lizards and Coconut Crabs 

(Birgus latro). In still other instan animals may be kept or raised to su 
cef,

products other than meal, incluSi�Yfe
1
ath

h
e_rs

1
, p�lts, ho

d
r� and 

1

skeletal mater!a , w 1c 1 a1 e us� _ 111 Loo s, adornmentscharms a_nd med!c111es. In Indonesia, th •�alay �1vet Wzve'.ra tangalunga) an e I Lt�Lle_ Civet (Vzvemcula indica) are ke 
d

pnnc1pally as a source of civet a in Pk
l 

l'l b f ' us.1 <:e su stance rom which perfum . ' made, while the Palm Civet (Paradeo i
s 

h h d. ) . XUrus ermap ro ztus 1s used as a r 1 catcher. at 
The second major reason why peopl in the I�do-M_elanesia_n Archipelag�keep. capt1v� wtld �pec1es is for pets. / Intelligent wtld species such as monkey 1 

a�d parrots make delightfully respon� I s1ve pets tha� are abl� to entertain theirkeepers and 111 man_Y 111stances provide aso�rce of companionship. Young wild a111mals may also be kept by children o ryoung. adults who a'.e practising theirnurturing and parent111g skill and, as ageneral rule of thumb, the closer an animal is in appearance to a human infantthe more likely it is to be retained as�
pet. This theory explains why young
monkeys and young possums are o
popular in parts of Indonesia and 
Melanesia respectively. Their human
like faces, wide eyes and grasping hands 
or forepaws can elicit a nurturing 
response in even the most seasoned of 
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_
gak man on New Ireland with a captive young male Northern Common Cuscus being kept as a pet. Evidence gathered by archaeologists of the

Lap1ta Homeland Project indicates that this species was probably introduced to New Ireland between 10,000-20,000 years ago, probably from
neighbouring sources in the Bismarck Archipelago or New Guinea.

hunters. Other small mammals such as 
young Sugar Gliders (Petaurus brevi
�eps) in New Guinea and surrounding 
islands may be kept as delightful pocket 
pets. Based on my observations, howev
er, �he majority of these casual pets end 
up m_ cooking pots, being devoured by
rapacious village dogs, dying from lackof appropriate care, or escaping to anunknown fate. Relatively few are retained to adulthood. 

Indo-Melanesians may 

New Guinea and Island Melanesia, you 
may see a variety of caged and bound 
marsupials, such as cuscuses and walla
bies, being sold for their meat and pelts; 
in Indonesia it is not uncommon to see 
caged parrots and other birds being sold 
as pets. In both instances, the market is 
usually supplied by rural people who 
regard such species as a valuable cash 
crop. While in some cases these prac-

and bats to marsupials and monkeys 
being sold in markets and restaurants 
for human consumption. 

WHAT IS THE ENVIRONMENTAL IMPACT 

of the captive management and 
transportation of wild animal species by 
humans? By transporting live captive 
animals, humans introduce species 
across geographical (water, mountain or 

habitat) barriers to places 
beyond their natural range. 

also. keep captive wildsp�cies for status purposes.This appears to have beenthe ea e with the CommonSpotted Cuscus I saw onSelayar Island. A villagerwho manages to capture
bnd �eep a wild animal may

A villager who manages to capture
In many instances this is 
accidental, and occurs when 
animal escape captivity to 
form wild populations. I 
have recorded instances 
where cuscuses have bro
ken out of cages or freed 
themselves from tethers and 

and keep a wild animal may be said to have 

magical powers over that species and 

e said to have magical power� over that species andgain� status as a hunter, 
�

l�
gic worker or animal tamer within the

��e
age: Indeed, in some instances the

d 
arnmal may be carried or worn as an

be�rn_ment during ceremonies. The
(Ch 

utiful and docile Green Python
w 

0�dropython viridis) is used in thist Y some New Guinea peoples. 
M te o�her major reason why Indo
foi'.\�nesians kee� �aptive wild_ species isacle. If you v1s1t a market 111 parts of
NATURE AUSTRALIA SPRING 1998

gains status as a hunter. 

tices may involve elements of ancient 
traditional trade networks that have 
been sustained for hundreds or even 
thousands of years, in other instances, 
particularly in Indonesia, they may be a 
product of a powerful and often unsus
tainable demand to supply the modern
pet trade. Paralleling this_ is a s_imilarly
destructive modern b-ade Ill exotic game
meats, with everything from snakes, rats

escaped into the bush. I 
have also seen pythons wrig
gle out of sacks, Coconut 

Crabs break free of flimsy vine bindings, 
and there are countless stories of birds, 
including breeding pairs, escaping from 
cages and aviaries. 

In other instances, humans, from pre
historic times lo the present, have delib
erately stocked islands with inb·oduced 
wild species as part of a 'game park' 
strategy. One of the most striking exam
ples of this is the ea e of the Javanese 
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Rusa Deer (Cervus timorensis), which 
has been deliberately introduced by 
humans as a source of high-quality meat 
to the archipelagos of eastern Indonesia, 
New Guinea and parts of Island 
Melanesia. A growing body of archaeol
ogical and historical evidence indicates 
that marsupials and cassowaries have 
also been spread by humans from 
sources in and around New Guinea to 
surrounding island archipelagos. The 
most dramatic cases are those of the 
Northern Common Cuscus (Phalanger
orientalis), which is now found all the 
way from Timor in the west to the 
Solomon Islands in the east; and the 
Common Spotted Cuscus, found on 
Selayar Island near Wallace's Line* in 
the west all the way to the north 

40 

Melanesian island of New Ireland in the 
east. 

In the most extreme cases, human 
translocation of wild animal species cre
ates bizarre isolated populations, such 
as that of the Common Spotted Cuscus 
on Selayar Island. However, even when 
translocation is carried out within an ani
mal's natural range, it can lead to a 
regional disturbance of natural gene 
pools clue to mixing in of foreign genetic 
material. 

Usually, when observers come aero s 
a population of animals on an oceanic 
island, they are seeing a species that, 
having colonised the island some time in 
the distant past, has reached a state of 
relative equilibrium with its competitors. 
In other words, within the limits of habi-

tat available resources and competition,

th� species ha spread to most of. the

suitable areas on the island. Once 111 a

while however one may come acros� a

recen'tly arrive�! or inb·oducecl sp�cies

that is still in the proce�s of inv�clin� !
landmass. This can provide a fascmatin,,

laboratory-like 0-Jitnpse into the process·
es and impact; of the past that have

shaped what we see in the present. . 1
One classic study is of the biol?gic�. . I_ 1 cl b the histon 

invasion of ew i e an Y t ted 
cally introduced Common Spo 

t d 
Cuscus Oral historical records collec e

)· 
(A t I" n Museum 

by Tim Flannery us :ra 1_a this 
in 1988 and me in 1990 111d1cat� tha�e of 
cu cus was translocated a d1stan ·ng
120 kilometres from the neighbou_nncr
Saint Matthias Group into the Kavie "
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A caged young male Admiralty Cuscus on

Manus Island. 

area at the far nor th-western end of New 

k
l�eland. Some say it was int!·oduced by a
iap (patrol officer) and his boat crew 

so . ' 
metime during the decade leading up 

to the commencement of World War 2· 
oth · ' 

ers �1ve the Kavieng-based Japanese 
?Ccupat1on force which occupied the 
\�a�d betwe�n 1942 and 1945, credit for

e introduction. Whatever the case may 

�Wallace's Line is an imaginary line, described by ie famous naturalist Al"red Russel Wallace that sep 1' ' arates the Oriental and Australasian zoogeo-
%aPhical regions. ft runs between Bali and 
th mbok,_ Borneo and Sulawesi, and to the south of e Philippines. 
N�TURE AUSTRALIA SPRING 1998 

INDO-MELANESIAN ANIMALS 
KEPT CAPTIVE 

MAIN PURPOSE 

Marsupials 
Com�on Spotted Cuscus 5pilocuscus maculatusAdmiralty Cuscus 5. kraemeri 
Northern Common Cuscus Phalanger orientalis
Souther� Common Cuscus P. intercaste/Janus
Sulawes1 Bear Cuscus Ailurops ursinus
other cuscuses 
ringtail possums 
Sugar G_lider Petaurus breviceps
ot�er gliders and petaurid possums 
Agile Wallaby Macropus agilis
Northern Pademelon Thylogale browni
Dusky Pademelon T. brunii
dorcopsis forest wallabies Dorcopsis spp. 
tree-kangaroos Dendrolagus spp. 
Common Echy�ipera Bandicoot Echymipera kalubu
other peroryct1d and peramelid bandicoots 

Eutherian Mammals 
Rusa Deer Cervus timorensis
Barking Deer Muntiacus muntjak
Babyrusa 'Deer-pig' Babyrousa babyrusa
Celebes Wild Pig 5us ce/ebensis
Indonesian Wild Pig 5. scrota vittatus
Long-tailed Macaque Macaca fascicularis
Celebes Black Macaque M. nigra
Sulawesi macaques M. spp. 
Silvered Leaf Monkey Trachypithecus auratus
Palm Civet Paradoxurus hermaphroditus
Malay Civet Viverra tangalunga
Little Civet Viverricu/a indica
Leopard Cat Fe/is bengalensis
Pangolin Manis javanica
Javan Porcupine Hystrix javanica
Prevost's Squirrel Callosciurus prevostii
Plantain Squirrel C. notatus
Giant Black Squirrel Ratufa bicolor
other squirrels 
bush rats 
fruit-bats 

Birds 
Southern Cassowary Casuarius casuarius
Northern Cassowary C. unappendiculatus
Dwarf Cassowary C. bennetti

horn bills 
parrots, pigeons/doves, mynas 

Reptiles 
Reticulated Python Python reticulatus

Amethystine Python Morelia amethistina

Green Python Chondropython viridis 

other pythons 
monitor lizards Varanus spp. 
lndo-Melanesian Giant Skink Tiliqua gigas

Giant Solomon Islands Arboreal Skink Corucia zebrata

freshwater turtles 
various reptiles 

Invertebrates 
Coconut Crab Birgus /afro

LL, AP, TL, p 
LL, TL, P 
LL, TL, P 
LL, P 
LL, P 
LL, P 
LL 
p 

LL, AP, P 
LL 
LL 
LL 
LL 
LL, AP 
LL 
LL 

LL, AP, TL 
LL, AP, P 
LL, C, TL 
LL, TL 
LL, TL 
P, LL 
P, LL 
P, LL 
P, LL 
R 

AP 
AP 
?P 

LL, TL, AP 
LL, AP 
LL, P 
LL, P 
LL, P 
LL, P 
LL 
LL 

LL, AP, C, TL 
LL, AP, C, TL 
LL, AP, C, TL 
LL, AP 
p 

LL, AP 
LL 
C 

LL 
LL, AP 
LL 
LL 
LL 
p 

LL 

LL = living larder; AP = animal product; P = pet; C = ceremony; R = rat catcher; 
TL = traditional live trade. 
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Kavieng market on New Ireland, Papua New Guniea. Motor boats and canoes from neighbouring islands come and go with cargoes, which may 

include various domesticated species or captive wild animals. 

be, results from my own oral and field 
surveys indicate that, since the war 
years, the Common Spotted Cu cus has 
spread about 45 kilometres down the 
300-kilometre-long narrow island and 
appears to be extending its range at a 
rate of about 0.8 kilometre per year. This 
is slow compared with unassisted inva
sion rates of between 1.8 and 5.0 kilome-

tions of orthern Common Cuscuses 
(which were introduced to ew Ireland 
prehistorically). Indeed, in the ensuing 
ecological battle between the two 
species, the larger Common Spotted 
Cuscus appears to have virtually driven 
the orthern Common Cuscus out of 
some marginal habitat such as coconut 
plantation, but the latter species has 

For me the study of relations between humans and wild 
species has led to a profound loss of biological innocence 
because so much that I once automatically thought of as 
natural, must now be examined with a suspicious eye. 

tres per year recorded for the introduced Common Brushtail Possum 
(Trichosurus vulpecula) in ew Zealand. But this may be because the Brushtail :,vhich habitually forages on the ground: 1s better able to cross unforested areas, wh_ereas the Common Spotted Cuscus, being strongly arboreal is a more :estri�ted disperser. Furth�rmore, while invading Brushtails were able to disperse into New Zealand habitats devoid of close competitors, Common Spotted Cuscuses in New Ireland have had to compete with dense pre-existing popula-
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managed to hold on and coexist with the 
invader in rainforest habitats. In con
trast, in the area beyond the invasion 
zone, the Northern Common Cuscus i 
found in all forest habitat , including 
coconut plantations. 

A further impact of cuscus introduc
tion lo ew Ireland is increased brow -
ing pre sure on the forests. One tree 
species, the Kwila (Jntsia bijuga), had 
individuals that were up to 50 per cent 
defoliated by cuscuses. Clearly, intro
duced wild animal species, whether they 
be browsers, grazers, folivores or eed 

dispersers, are likely to have some 
impact on the composition of plant com
munities over time, and these amount to 
an indirect effect of humans. 

0 1 E PROBLEM THAT CIENTISTS HAVE 

faced is recognising which animal 
population are natural and which are 
clue to human influences. In order to 
make ancient human influences on bi�
geography and ecology more obvious, it 
is necessary to break clown some of the 
artificial boundaries between what are 
seen as either natural or cultural 
processes. This can be clone by clevi_sing 
new terms that acknowledge links 
between the two. Central to this is the 
concept of the 'ethno-b·amp'. An ethno
b·amp is a pecies of wild animal that, 
clue to its economic value to hun�ans. 
has its geogTaI)hic ranae either dehber-"' 

d d The ately or accidentally expan e · 
Rusa Deer, Common Spotted CL'.sc�

l
� 

and or them Common Cuscus ate .. . th - ps Then cla sic examples of e no-�, am. 
: . d to relationship with humans ,s refet I e h 

as 'macro-mutualistic' because, althouty 
individuals may be preyed upon 

itshumans, the species a� a _whole h
i3�us

rang·e expanded or marntamed anc . 
f I d ecu1e,

becomes more uccess u an 
f d

while humans gain a valuable 00 
source. hicaliY 

f:.. pe�ies t�al _ha _a zoogeogra_p 
which en1gmal1c d1stnbul1on,_ but foi 
lecidethere is insufficient evidence to c 
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hether that di�tribution !s _du�_ to 
w an or natural mfluences, 1s 1 efe11 eel 
hut11 

a zooo-eographic 'phantom'. A clear 
to as 

le 0f a zoogeographic phantom is
e�a;1ded by the Sugar Glider, which maypt O 

ay not have been inb·oduced by
or 

11 1a'11s from natural sources inhut11 G · f 
·
t A stralia and ew umea to some o 1 ·s

:tellite island occurre1:ices. ,At the
s xtreme end of the �cale 1s the cam?u
fl�ged exoti�', an mtroduced spe_c1es

whose exotI_c �tatl_ls goes � nnot1�ed

because its d1sb·1but10n appea! s n�tu1_al. 
Another poorly understood 11

1
te1 action

. the role that humans may have played 
!
s 

'ci·eating' apparently new races or 111 · · 
h . d cl s ecies of oro-amsm v1_a . ur:1an-111 u�e 

fgunder effect or hybnd1�ation associat
ed with some b·anslocat1on events. On 
Manus Island, for example, the sudden 
ppearance of the bones of the 

ictmiralty Cuscus . (Spi
_
locu�cu� kra�

men) in archaeological sites 11�d1cates _it 
was probably inb·oduced to this ocearnc 
island about 1,000 to 2,00� years a�o, yet 
the exact source population rema111s to 

White variant of the Common Spotted Cuscus

in coastal rainforest on New Ireland, Papua

New Guinea. This species was introduced to

New Ireland from the St Matthias Group.
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be di covered. As no other cuscuses are known from the island, could it be that 
humans introduced a mixed cuscus 
stock (probably of spotted cuscus 
species or subspecies), which led lo a 
hybrid population that is now recognised 
as a separate species? 

For me the study of relations between 
humans and wild species has led lo a 
profound loss of biological innocence, 
because so much that I once automati
cally thought of as natural, must now be 
examined with a suspicious eye. Such 
studies also make one realise that there 
is indeed a range of conditions between 
what we term 'wild' and 'domesticated' 
or 'pristine' and 'anthropogenic' (man
made). Humans, it would seem, are 
incorrigible meddlers who, long before 
the invention of genetic engineering, set
in place vast biological experiments by
manipulating species and playing
around with zoogeography. This thought
came to me after sitting under a
Timorese palm tree like a tropical Isaac
Newton and being hit on the head by a
falling coconut. Looking up, I saw that it
had been dislodged by one of those
damn monkeys (a Long-tailed Macaque,
Macaca fascicularis) that we humans 
had dragged across Wallace's Line. • 

Further Reading 
Flannery, T., 1995. Mammals of the South-West Pacific
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Sydney. 

Groves, C.P., 1984. Of mice and men and pigs in the
lndo-Australian Archipelago. Canberra Anthropol. 7(1 &
2): 1-19. 

Heinsohn, T.E., 1997. Phantoms in the foliage: human
influences on the rainforests of the Circum New Guinea
Archipelago. Pp. 278-295 in Australia's ever-changing
forests Ill, ed. by J. Dargavel. Australian Forest History 
Society/Centre for Resource and Environmental 
Studies, Australian National University: Canberra . 

Kitchener, D.J., Boeadi, Charlton, L. & 
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Tom Heinsohn is a curator in the "People's 
Interaction with the Environment" Section 
at the National Museum of Australia. He 
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to Indonesia, New Guinea, Island 
Melanesia and Cape York Peninsula, 
including six months in Papua New Guinea 
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The arrival of the monsoonal 
rains in November promotes 

the mass emergence of 
millions of Red Crabs. 

RED 

CRABS 

ON THE 

RUN 
BY STEVE MORRIS 
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R
EGULAR VISITS TO CHRISTMAS 
I land had convinced us lhal 
there was omelhing quite 
special about the Reel Crab 

that live on thi small Australian 
Territory in the Indian Ocean. The Reel 
Crabs are renowned for the visual spec
tacle of their ma s annual breeding 
migration lo the sea. Come ovember 

ach year, millions of Red Crabs make 
this annual da h to the coa t. How ver, 
as we walked through the jungle in the 
first week of ovember in 1993, we were 
hard pressed to find a single Reel Crab. 
Certainly the wilting rainforest tree and 
the thick carpet of dry leaves crackling 
underfoot seemed a less than ideal envi
ronment for crabs. So where were they, 
and why and how did they live in such 
conditions? 

The Red Crab (Gecarcoidea natalis) is 
just one of 23 species of air-breathing 
crabs on Chrisb11as Island. Most people 
think of crab as aquatic creatures and 
are often surprised to learn that there 
are land-living crabs that will drown 
when submerged. All members of the 
Red Crab's family (Gecarcinidae) have a 
marine larval stage and must return to 
the ocean to release their spawn. After 
approximately three weeks, the larvae 
emerge from the ocean, metamorphos-

ing into baby crabs on dry land. The fas
cinalion with Reel Crabs is in the huge 
number and the distances they must 
travel. How do they survive the dry sea-
on kilometres away from the ocean? 

How do they 'know' when the lime is 
right to spawn? Do they have specific 
destinations and know how lo gel there? 
While these seemed obvious questions, 
getting some of the answers was lo 
require years of study. Complementary 
studies by Peter Greenaway (University 
of New South Wales) and Peter Green 
(Au tralian National University) have 
been invaluable. With half of our ten
year program complete, we can now 
describe the amazing migratory biology 
oJ the Reel Crab, some of the limitations 
on their survival in the dry season and, 
importantly, realise how much we still 
do not understand. 

T
HE CHANGES AND ADAPTATIONS THAT 
allow crabs to live on land are the 

central theme of our research. Land 
crab have gills but most, including the 
Reel Crabs, have evolved lungs for 
breathing. The gills of land crabs have a 
dual role. Not only do they supplement 
the lungs in gas exchange, they also play 

� similar role to our kidneys, reabsorb
mg needed salts from the urine and 

Monsoonal rains at the start of the wet 

season trigger Red Crabs to emerge from 

their burrows by the millions. The crabs keep 

the forest floor clean of fallen leaves, which 

are a major part of their diet. They also eat 

the majority of germinating seedlings. 

excreting nib·ogenous waste. 
Christmas Island is characterised by a 

wet and dry season. During the period 
May to ovember the island is in.flu· 
encecl by the south-east b·acle winds and, 
while much appreciated by the yacht 
crews that pau e at Christmas Island, 
the winds bring dry air. We soon found 
that we needed to work in the hour after 
dawn if we wanted to find crabs out and 
feeding, since relative humidity below 85 
per cent resb·ictecl them to their bur· 
rows. The crabs use this early-morning 

opportunity to cram their burrows wit11 
leaves. This not only encourages a local 
humid environment but might provide 

Each year millions of Red Crabs undertake the 

migration to the sea to breed. Some of the 
important migration routes pass through the 
settled parts of Christmas Island. National 
Parks staff are implementing procedures to 
minimise the number of crabs killed by cars. 
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them with the nece sary energy and salt 
stores for the rest of the clay. 

We now know that Red Crabs have a 
water permeability and loss rate similar to that of toads. The island is formed fr_om uplifted coral limestone, which is ' highl_y porous, and we could find water only in_ root hollows and logs, hardly acle
iua te it seems for millions of crabs. In 
dh� d:y season we have seen Red Crabs nnking  the morning clew and chewing 
�n th e damp inte:iors of hol!ow fallen 
h
gs. And, caught m the occas10nal local 

� ot�
er, we would r_apidly be surrounded 

/ ousands of thirsty Red Crabs franic�lly transferring water to their m'ouths using the t· ·f h . Int .· 
ips_ o t eir claws. 

se 
erestmgly, persistent rain in the wet

sh!�t. caused Red Cr�bs to s�ek dry
Probf:��00 much water it seems is also a

� b?�e _wet  season characteristically
155 � 1.n November and often delivers

" us th
ilhmetre� of rain day after day. To

crab 
e Per�lexmg aspect was how these

fo d 8 survived the dry season with low
Pa�eJ

nd water, and at the same time pre
long-ct· 

for the physical challenge of a
obser 

is�nce breeding migration. Our vations were to reveal that, after 
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months of low rainfall and little activity, 
the arrival of the monsoonal rains in 
November, within hours, promotes the 
mass emergence of millions of Red 
Crabs. W ith no obvious preparation or 
training, the Red Crabs embarked imme
diately on their trek. 

The breeding activities of the Red 

undercut limestone cliffs that plunge 
directly into the Indian Ocean. Once 
close to the shore, the males construct 
burrows and attract females. Each 
female has carried a mas of about 
100,000 eggs within her body cavity, 
from the plateau to the shore for fertili
sation. We liken this to a person walking 

Caught in the occasional local shower, 

we would rapidly be surrounded by thousands of thirsty 

Red Crabs , frantically transferring water to their 

mouths using the tips of their claws. 

Crabs are also apparently synchronised 
with the lunar cycle. Our initial under
standing of the migration was largely 
based on anecdotal observations and the 
work of John Hicks (Parks Australia), 
and it appeared that Reel Crabs requi1:e 
al least two weeks to complete their 
migration to the shore. There are few 
beaches on Christmas Island and Lhe 
majority of the coast is made up of sleep, 

30 kilometres with a seven-kilogram 
sack of potatoes. Mating generally 
occurs in the burrows and the males 
then return to the jungle. The females 
remain in tl1e burrows for a furilier two 
weeks to lay their eggs and to incubate 
them under the abdomen. A few days 
prior to ilie new moon ilie females walk 
the short remaining distance to the cliffs 
and beaches to cast their spawn en 
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ma se into the ocean before unrise. ln 
ome years the failure of the ovember 

rain ha prompted the crab to po t
pone the breeding migration into the 
D cember, or even January, lunar cycle. 
Thus we knew that the Reel Crabs were 

Meanwhile Holger Rumpff from Parks 
Australia assured us ''They will go when 
the rains arrive, just you wait and see". 
To our surpri e, with only three weeks 
to accomplish the complete migration, 
copulation, brooding and spawning, 
rains in late ovember caused millions 
of Reel Crabs to boil from their burrows. 
Our plan was to mark and recapture 
thousands of the migrating Reel Crabs. 
This involved spray-painting crabs dif
ferent colours in various locations. 
However, after transforming only 500 
Reel Crabs from one site into luminous 

lightly 0exible in their behaviour. 

W
HEt WE FIRST ATl'EMPTED TO 
resolve ome of the mysteries of 

the R cl Crab migration in ovember 
1993, the rains came late. We re igned 
ourselves lo a delayed December migra
tion and a horlenecl field season. 
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RED CRAB 

( Gecarcoidea natalis) 

Classification
Family Gec�r.cinidae ('land crabs'), in which all species have marine larvae. There are
5 superfam1hes of true crabs that contain air-breathing species. 

Identification
Normally fire-engine red with black and white dorsal patterning. Occasional 
yel!ow/orange morphs occur. Becomes obviously sexually dimorphic at 200 g bod 
�

eig�t. Males develop longer and larger chelae used in combat and burrow defen!e 

6
e omoa es h

d
ave a broader bulbous body form to accommodate egg mass Males up to·

g an females 500 g. 

Habitat and Distribution 

6ndemi
t 

to the mature and seconda_ry regrowth rainforest of Christmas island Indian
Ch

ce_an
t
. ow

1 1
numbers on North Keeling Island, possibly from larvae drifted tro'm ns mas s and. 

Reproduction 

�;\ 
b
;
_eeding

d 
migration of population initiated by seasonal rain in Nov Dec 

cast�n
a 
'it" /

n �gg brooding occur in b�eeding areas adjacent to shore .
. 
Layi� and

100,oto eg��\�:
t
; h

t;: r
ean synchro�1sed to lunar cycle. Females produce u� to 

juvenile crabs return to\o�:st
ntact with sea water. A 3-week larval phase before

Diet 
Mainly partially decompos d d 'd fallen comrades and other �nve���b��::s�

eaves, but some fruits, blooms, as well as

Status 
Not endangered but severely im act d d . road usage. Estimated road kill! 

e 
b t

ing breeding season by mining activity and
estimated previously at 120 m'll'

vary e we�n 1 and 10% of population. Numbers 
Christmas Island National Pa k

1 ion now revised to 50-80 million adult crabs. r now encompasses 65% of the island. 

yel_Io_w crab an_cl 300 from another sit stnkmg blue, 1t became clear that 
ea

wo�lcl be unable to walk upright th re
lowmg clay ... and we still had to a� 01· 
radio-transmitters to selected ind· 

_a
d
ch

1 C. b f· I . . IVI U-
a s. ,

_
a s I om �o ocations 111 the cen-tral a, ea of the 1slancl, the same 'bi 

site' and another one two kilomet 
ue

away, were filled with miniature tr 
res

· tt · 1'h lei · 
ans-1111 e, s. ese cou easily be ac 

moclatecl on a 500-gram male crab
com

d-. h f 'an 
111 t e orest gave a range of 200 met 

W I  ·1 · f Cl · 
res 11 e sections o mstmas Island 

· 

crossed by four-wheel-drive and walki
a
r
e

tracks (a legacy of phosphate min_ng

and w�ter-searching activities), thes�
n
� 

transpires ar� not !-1sed by the Red 
C::rabs. Followmg their radio-transmitter 
signals led t? our f:irst encounter with 
the real Chn tma Island. The interior 
forest_ floor on the central plateau was an
unbelievable chaos of vine-festooned 
razo1:-sh�rp _coral rubble and pinnacle�
:angmg 111 size _from_ footballs to houses,
mterspersecl with smkholes to trap the 
unwary._ Movement wa extremely slow
�ncl tedious._ We experienced first-hand
Just how ?Ifficult i� wa to navigate 
through this gloomy Jungle environment
w�e� we discovered our compass wa 
still 111 the f?ur-�heel-clrive! Amazingly,
through the mtenor chaos of the jungle,
th� Reel Crabs chose and navigated
m1grato'.y p�ths that were almost per
fect straight Imes to the coast. The crabs
from one of the sites with radio-trans
mitters walked over four kilometres (as 
�he crow flie ) in five to six clays. Taking 
mto account the terrain on Christmas 
Island, we suspect that the crabs proba
bly walked nearly five kilometres in as 
many clays, much of it in a vertical direc
tion. 

The next opportunity we had to study
migrating Reel Crabs was in November
1995. Learning from our previous expe
riences, we took along volunteers to 
assist with the marking of over 7,000 

crabs from nine different locations. In 
�onb·ast to the rushed migration in 1993,
111 1995 the mon oonal rains arrived
early and, to our urprise, the crabs did
not wait for the appropriate phase of the
lunar cycle but instead took a leisurely 
sb·oll, again in uncanny straight lines, to 
the shore over three weeks. With two 
sea ons of data, patterns in the migrato
ry behaviour of Red Crabs were emerg
ing but, as is often the case in such stud·
ies, new questions outnumbered our
answers. 

One unexpected result from our navi
gation data was that many of the crabs 
do not necessarily walk to the nearest 
coast to mate and pawn but head for a 
more distant, preferred destination. A 
di proportionate number head for the 

Red Crabs undertake their migration during 

torrential rain. If the rainfall is excessive, the 
crabs must seek shelter since they are ill· 

equipped to deal with immersion in fresh 

water. 
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When Red Crabs arrive at the shore, they 

must be careful to maintain their grip on 

the rocks to prevent being washed into the 

ocean. These are land crabs and will drown 

under water. 
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northern coast of the island, perhaps 
reflecting the calmer condition and pos
sibly previous breeding success on that 
part of the shoreline. Adults may simply 
return to the part of the coast where 
they first came ashore. We also discov
ered that all the Red Crabs from any one 
area on the island migrate together to a 
similar location on the shore. Further
more, the same routes are used in suc
cessive years. 

1:he next important finding was that, 
while the start of the migration is clearly 
dependent on the start of the wet sea
son, il need not be synchronised with 
the lunar cycle. Rather, it seems that fer
tilisation of the ggs must occur at a cru
cial time since it is the elate on which the 
eggs are cast into the ocean thal is fixed 
lo a parlicular lunar phase (the pre-dawn 
high Lide near the last quarter of the 

moon). Additionally, the crabs seem t�
know how far they have to b·avel a� 
how long it will take them to get theie,
since in the 'early' 1995 migratio1� t���
paused for as long as four days 111 

Wmiddle of their journey to the c_oas!- a
�

still do not know what nav1gat,onb 
R cl Cra 5 

rne�hanisms a_re u�ecl by the e 
. l'kelY 

dunng the m1grabon. The �0st _.1 ta·pos ibilities include magnetic 01 ,e; totion or b·acing their own teps bac 
h e as la1·the place where they came as or 1

vae, a sort of memory ti·icl�. We _have
a
�oa 

ruled out the use of polansed hgli. bs 
navigational aid ince the Red ,a 
walk only during daylight. 

ND TflE

F
ROM THE RADIO-TRACK! G Al ve 
recapture of colour-coded crab� � 

had a fairly good idea aboul the eco 0;d
of the migration; that is when, where a 
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0 why. However, exactly how these nor
d mally quiescent crabs sustained and 
e. accomplished this feat of endurance 
:Y remained unexplained. We therefore 
1e turned our attention to the physiology of 
J these crabs. What were the dif ferences r;i between the crabs in the rushed 1993 
15 migration and the casual 1995 migra
y t!on? lf the crabs are capable of travel
a- h�g to the ocean in only five days, why 

did they take so long in 1995? Did lhe 10, b ar· • era shave to rely on fuel stores, such as 
101 fat, during lhe migration? If fuel stores 
;a Were important, how did crabs build 
ibS. 

them up during the dry season? 
J\lternatively, did they have to pause and 
eat?n the way? For the Red Crabs this is 

[!I� in unportant dilemma-whether lo be 
iie 

irst on the scene near the coast and 
t 

;�us i?:et to dig a burrow in a prime loca
�j 

10n (1f the crab is male) or have first 
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The crabs seem to know how far they have to travel 
and how long it will take them to get there. 

pick of lhe males (if lhe crab is female), 
or whether to move more slowly, per
haps pausing to feed, thereby arriving al 
lhe shore in a fitter condition for lhe tra
vails of breeding. There were so many 
questions. 

During our field seasons we also col
lected blood and tissue samples from 
crabs during various stages of lhe migra
tion to determine how stressful the 
migratory activities might be for them. 
By measuring oxygen and carbon diox
ide in the blood, we could determine 
how well the lungs and gills functioned 
in gas exchange, while the tissue am
pies were used to monitor the amount of 

energy stores. 
During lhe migratory aclivilies, the 

lungs of Reel Crabs were very important 
and, significanlly, lhe crabs did not expe
rience any problems in obtaining oxy
gen from their environment. So, if the 
crabs possess Lhe capacity lo walk to the 
ocean in five days al a speed that causes 
no obvious stress, why didn't Lhey do 
Lhis during the 1995 migration? The 
answer to this que lion became appar
ent when we examined the changes in 
their energy stores during the course of 
migration and breeding activities. 

Red Crabs have substantial energy 
stores but don't seem lo use them very 

h l"ffs male crabs construct and fight over burrows in which they

On the terraces above t e c 1 

hope to attract females for mating.

51 
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. after casting their eggs into the \ 111orn1ng fhe 
I Red Crabs embark on a massed 

ferna e sea, . b ck into the forest where they will 
·gration a · d' 1111 

1 months before their next bree ing 
I 

uve for 1 

season.-------------

1) �,rino- the migration. The fraction
111utl 

1 

c �net1;Y stores actually used byof �rabs is enough lo upport 12 hoursRed 
ti ·ty Since the crabs must spend aof_a�,,::111· of five days walking to re_acl: t11lll' 

ast two to three days for maUng, the co ' 
d t 1 d the females must spen wo wee <s

�icubating the eg�·-' t�e �ra?s h��� lo
t to support theu bt eedmg acbv1t1es.

n male crabs expend lar�e amounts of,e_m, dio-o-jno· and fightmg over bur-enet;:.; o0 0 

1 1 rows. Our measureme
f
nts c e�r 

� 
showed that these fights o te_n require 

l extended recovery penod. Some 
I an ' 

· h f · t fl · never did recover smce t e 01 es . 001 
was punctuat�d by severed claws, limbs 
and the occasional car�ass. 

Condensing the entire population of 
tens of millions of Red Crabs onto a rela
tively narrow tri� of sl:ore for an 
extended period of bme rapidly depletes 

· the locally available food_ supply of fa)len
leaves flowers and bernes. By the time
the m�le crabs de ert their mates in the
burrows, the forest floor on the fringe of
the island is completely cleared. It
seems that the extended duration of sea
ward migration in 1995 was a mecha
nism to minimise the amount of time
spent on the narrow area above the
cliffs, and to maximise foraging en route
to prevent mass starvation.

An undeniable wonder of the natural
world, the mass migration of the Red
Crab brings thi animal into inevitable
collision with human activities. Prime
habitat has been lost to phosphate min
ing. Huge numbers of crabs die in roadkills as they trudge through settledareas, unfortunately built in the middleof one of their prime migration routes.

-

On the very few beaches of Christmas Island, Red Crabs can enter the water and shed their eggs directly into the surf. Female crabs carrying eggs under their abdomen stand at the edge of the surf zone and cast their eggs into a retreating wave. 

As we progressively under tand the 
needs, objectives and abilities of these 
crabs, it will be possible to refine man
agement practices to minimise crab car
nage and to preserve the spectacle of the 
annual migration for the fledgling eco
tourist industry on Christmas Island. • 
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Aft ------
d t morphose into baby Red Crabs. The juveniles rapidly move· er three weeks in the ocean the final-stage larvae emerge from the sea an me a into th e forest and disappear.
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The proximity of flyingfoxes to people has
resulted in mixed reactions. 

URBAN 

FLYING-FOXES 
BY PATRINA BIRT, NICKI MARKUS, LINDA COLLINS & LES HALL 

"

T

HEY ARE 101SY, SMELLY, DIRTY, 
wreck all the trees, and crap in 
our swimming pool. And at any 
rate, I was here before they 

were." These were the irate comments of a 
house owner when a mob of Little Red 
Flying-foxes (Pteropus scapulatus) recently 
set up camp in mangroves on the edge of 
suburban Gladstone (Queensland). 

The flying-foxes, many of which were 
either pregnant or carrying young, num
bered around 500,000 and stayed on the 
edge of suburbia for about two months. 
The locals had tolerated the small number 
of Black Flying-foxes (Pteropus alecto),
which were regular visitors to Gladstone 
over the years, but this huge influx of bats 
was simply too much for some people to 
bear. 

The explanation for such a large camp 
site close to suburbia seemed simple: flow
ering of eucalypts was late inland, where 
the Little Reds were usually found, but 

exceptionally good around the Gladstone 
region, and the flying-foxes moved accord
ingly. While many of the residents accept
ed that flying-foxes played an important 
role in forest ecosystems and didn't want 
them harmed in any way, most wanted the 
flying-foxes shifted somewhere else. 

T
HE LOCATION OF FLY! 1G-FOX CAMPS IN or
on the edge of suburbia is becoming a 

common occurrence. In addition, urban 
flying-fox camps that were traditionally 
occupied for only several months of the 
year or by small numbers of flying-foxes, 
are now often occupied permanently or 
have increased in size. 

In Queensland, Little Reels have come to 
town in Coen, Tolga, Chillagoe, Mount Isa, 
Dalby, Gladstone, Hervey Bay, �s\< and to 
many areas of Brisbane. Most J0111 camp i 
sites that are already occupied by Black or tJ

Grey-headed (Pteropus poliocephalus) g 
Flying-foxes. One wonders why these bats et.

Above: unlike other flying-foxes , Little Red Flying-foxes roost closely together in the trees a'. their 

camp. Often so many flying-foxes roosting on one limb results in quite la�ge branch�s breaking under 

their combined weight . Left: the distribution of Grey-headed Flying-foxes 1s c�ntracting southwards. 

Radio-collared individuals have been recorded flying from Lismore to Nowra in search of food. 
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Species 

Black Flying-fox 
(P. alecto) 

Grey-headed 
Flying-fox 
(P. polio-
cephalus) 

b 

Little Red 
Flying-fox 
(P. scapulatus) 

Spectacled 
Flying-fox 
(P. con-
spicillatus) 
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The Spectacled Flying-fox is Australia's most 

endangered mainland flying-fox. It pollinates 

and disperses seeds from rainforest trees in 
the wet tropics of northern Queensland. 

choose such urban silualions when, as
in the case of Coen, lhe surrounding
counlry has whal appear lo be unlimit
ed habital polenlial. The explanation 
used al Gladslone-lhal local flowering
was good-does not seem to apply to all
urban flying-foxes. 

In the continuous suburban area com
prising Brisbane, Ipswich and Logan 
there are nine permanent flying-fox 
camps. The e are nearly always occu
pied by Bl�ck or Gre_

y-headed Flying.
foxes, but m some, hke the camp at 
Burpengary, flying-foxes disappear for 
short periods of time following poor 
local flowering or human disturbance. 
Little Reds come and roost in at least five 
of these Brisbane camps during the 
summer months each year. 

In Victoria, a imilar phenomenon has 
also occurred. Prior to 1981, there were 
few records of Grey-headed Flying-foxe 
in Melbourne. ow there is a Grey
headed Flying-fox colony in the Royal 
Botanical Gardens. It became a perma
nent camp site only in 1985. 

In ew South Wales the urbanisation 

AUSTRALIAN MAINLAND FLYING-FOXES

Family Chiroptera, subfamily Megachiroptera, genus Pteropus (flying-foxes). 

Identification Habitat Distribution Breeding Season Status 

Black head and Coastal forests, Coastal northern Oct.-Dec. Vulnerable in 
body with mangroves, Australia. NSW, not else-
red-brown fur swamps and where. 
at back of neck. rainforest. 
No fur on lower 
legs. Head-
body length 
24-26 cm.

Grey head and Eucalypt forest, Coastal Vic. to Oct.-Dec. Nationally 
body with a col- swamps and Maryborough, endangered. 
lar of orange fur rainforest. Qld. 
around neck. 
Fur on legs 
extends right 
down to the 
toes. Head-
body length 
23-29 cm.

Reddish brown All forest types. Widespread but Apr.-Jun. Not endangered
fur. Greyish fur not in arid anywhere. 
on head. Head- interior. 
body length 
19-24 cm.

Black with pale Rainforest and Coastal and Oct.-Dec. Nationally 
yellow rings coastal swamps. rainforests of far endangered. 
around eyes and 
yellow on back 

northern Qld. 

of neck. Head-
body length 
22-24 cm. 
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f Jlying-fox camps appears to be the0 
It oJ a somewhat diiferent process. resu b I . 

The gradual ur an_ spraw mlo_ rural
. as has resulted 111 camps that werea
i �e located in patche of scrub now

I ��ing close to houses. Flying-fox campsr that have had the town come lo them
· elude those at Oxley Cove, Dallas
p�rk, Ocean _Shores,r Ewingsdale, Curry
Park, Ballina, h.yo&·le, Maclean,

( Bellingen, Arakoon, W111gham . Brus�,
Patterson, Matcham, Kur-111g-ga1,
Cabramalta and Menangle. 

However, as early a the 1930s, the 
ef fects of increasing human settlement 
on t he traditional roosting p�tterns of 
Black and Grey-headed Flymg-foxes 
were becoming apparent. Where rain
forests and eucalyp t forests were 
cleared for agricultural land, flying-foxes 
were forced to adapt to the loss of their 
traditional food resources and abandon 
old roost sites. Increasingly, this has led 
to a movement of flying-foxes to urban 
and coastal areas where food resources 
are more reliable. 

As a result of regular watering 
regimes employed in many gardens, 
parks and orchards, towns in general are 
considerably le s affected by drought 
than native forests. Regular watering 
ensures a higher nectar production in 
the flying-foxes' main diet of eucalypt 
blossom , a food source that is notori
ously unreliable in the wild. And while 

, the bats prefer a diet of native blossoms 
and fruits to introduced varieties, sea-
onal fluctuations in native food supplies 

can be extreme. In times of desperation, 
a�y food source will be utilised, espe
cially cultivated fruits such as stone 
fruit, bananas, pawpaws, lychees and 
mangoe . 

Apart from improved food resources that �he towns may have to offer, onepractical reason for an urban location ofa camp site is that it would be easy tofind. Unlike the vast stretches of forest where specific roost sites may be hard t�
, lo�at� on a dark night, townships offerbuI!dmgs and lights by which these visually orienting animals are perhaps better

�ble to navigate. This may account particula�ly for colonies located near parksor mam roads. Lights have been found to�ttract curious flying-foxes even whenimplemented as bat repellents inorc hards. 
6 

A ,somewhat ironic advantage of the
r3ts trend to urbanisation is the protec
��n t?:,vns offer from the shootingped1t1ons of enraged fruit-growers

[ ;n� local residents. Although culling of
r 1 

Y\ng-foxe� has been shown to be highY neffective as a means of population) �.ontrol, this method of orchard protec
� �on h�s a long history. Many· rc hard1sts are unwilling or unable toimplement netting to protect their trees anct tend t · r . o ignore the equally clestruc-;h� 111_1Pact of frui�-eating ?ircls. Daytimeotmg forays mlo flymg-fox campsusually have little impact on fruit loss
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Chris Holman shares her yard with a large colony of Grey-headed Flying-foxes at Woodend, 

Queensland. Both Chris and the flying-foxes have adapted to living in close proximity. 

back at the orchard, and often they only 
result in a large number of injured bats. 
Fortunately for the bats, fruit-growers 
(frequently without culling licences) are 
more reluctant to let off a round of bul
lets in the vicinity of settlements, which 
thus offers a degree of protection for the 
roosting flying-foxes. 

T
HE PROXIMITY OF FL_YING_-FOXE TO 
people has resulted 111 mixed react

ions. Complaints about the flying-foxes' 
strong odour, their vocal interaction 
within the colony, their potential to 
spread disease and to reduce the value 
of residential real estate, ar common. 
Not infrequently these complaints lead 
to political disputes between bat-sup
porters wanting to protect a colony and 
non-supporters demanding the colony 
be shifted. 

Almost all allempts al moving flying-

fox camps have been failures. This is 
because they are clone with little appre
ciation of flying-fox biology and the intel
ligence of these animals. Removal of fly
ing-fox camps must never be attempted 
when females are heavily pregnant or 
lactating and carrying young, and only 
done if the animals have an appropriate 
alternate site to go to. It would appear 
that, given the decreasing numbers of 
flying-foxes and the reduction of suitable 
camp site locations, every effor t should 
be made to preserve and manage flying
fox camps and any notion of their 
removal discouraged. 

While there is some merit in the con
cern about exposure to possible disease
causing organisms, lhi issue has been 
scandalised and exaggerated by the 
media in the face of two recently discov
ered viruses in bats (see box). Where 
responsible advice about direct contact 
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Left: positive media exposure and orphaned 
fl ing-fox fostering programs have helped to 
dis el the myth that flying-foxes, like this 
Gr;-headed Flying-fox, are frightening or 
dangerous. However, there is still plenty that
can and should be done if these intelligent
nimals are to get the respect that they 

:eserve. Right: the Little Red Flying-fox is
the smallest and most nomadic of all the
mainland flying-foxes. It feeds almost 
exclusively on nectar from Eucalyptus and
Mefa/euca flowers. 

with bats was urgently needed, panic
monaering throu0·h inaccurate media 
cove;age resulted in the further alien
ation of flying-foxes from humans. 

Fortunately, all is not lost. Media expo
sure brings along with it the potential for 
a more positive attitude to our flying 
cousin . In the past, the involuntary con
frontation with flying-foxes in townships 
has served to foster prejudice about 
these unfamiliar animal . However, as 
orphaned flying-fox fostering programs 
have shown, a little education can go a 
long way. 

Flying-foxes are thought to be 
extremely important in maintaining the 
health of our forests by cross-pollinating 
and dispersing the seeds of a large num
ber of the native b·ees on which they 
feed during the night. More than ever, 
public education about the irreplaceable 
role of flying-foxes in our forests' ecolo
gy is needed to en ure the continued 
urvival of forests and bats. Accurate 

information about the di ease statu and 
minimising the negative media coverage 
of flying-foxes will serve to reduce 
unnecessary panic among local resi
dents. In addition, protected exposure to 
flying-foxes in zoos and school education 
programs would dispel any misconcep
tions of flying-foxes as 'frightening 
blood-suckers' and encourage the 
respect that these ecologically vital and 
highly intelligent animal deserve. • 

Further Reading 

Condor, P., 1994. With wings on their fingers: an inti
mate view of the flying fox. Angus & Robertson: Sydney. 

Eby, P., 1995. The biology and management of flying
foxes in NSW. Species Management Report No. 18.
New South Wales National Parks and Wildlife Service:
Sydney. 

Hall, L.S. & Richards, G.C., 1991. Flying fox camps. 
Wild/. Aust. 28(1): 19-22. 

Parry-Jones, K.A. & Augee, M.L., 1992. Movements of 
Grey-headed flying foxes (Pteropus poliocephalus) to 
and from a colony site on the central coast of New South 
Wales. Wild/. Res. 19: 331-340. 

Patrina Birt an(l. Nicki Markus are studying 
the 

_ecology and behaviour of jlyingfoxes for
th

_eir PhDs at the University of Queensland. 
Linda Collins has been involved in caring 

"' for flyingfoxes for some time and founded the 
� Flying Fox Information and Conservation 
� Network. Dr Les Hall is a Senior Lecturer in 
� the School of Veterinary Sciences, University 
� of Queensland. 
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NEW FLYING-FOX VIRUSES 

In 1994 there were two separate outbreaks in Queensland of a previously unknown 
disease in humans and horses. In Brisbane, this led to the death of 14 horses and one 
human, while in Mackay two horses and one human died. The deaths were caused by a 
virus belonging to the family Paramyxoviridae. The virus was called equine morbilli 
virus (EMV). 

Following extensive searching (5,000 blood samples from 46 species of wildlife), 
antibodies to EMV were found only in the four mainland species of flying-foxes. In 
September 1996, a virus was isolated from the uterine fluid of an apparently healthy 
flying-fox. This isolate and subsequent isolates have be�n shown to be virtua!ly indis
tinguishable from EMV. The virus, called bat paramyxov1rus (BPV), has been isolated 
from flying-fox blood, kidney, uterine fluids and foetal tissues. . 

In May 1996, while searching for signs ?f EMV �nd _ BPV, an?t�er new virus, _a . 
lyssavirus, was found in a flying-fox. The virus, wh_1ch 1s very s1m1l�r to the rabies v1:us, 
is called Australian bat lyssavirus (ABL) and has since been found in two other species 
of flying-fox and one species of insectivorous bat. Infection with ABL has resulted in 
one human fatality. 

The human deaths from EMV appear to have been contracted from EMV-infected 
horses. None of over 130 flying-fox carers and researchers had antibodies to EMV, sug
gesting that flying-foxes do not pose a threat_ to huma�s. fo� EMV or �PV. �esearchers 
have had little experience with the bat lyssav1rus, but 1t 1s likely that infection by ABL 
would be as serious as rabies. As a precaution, health authorities recommend that han
dling of flying-foxes should be done by experienced, rabies-vaccinated people using 
appropriate protective wear. 

A team from the Queensland Department of Primary Industries has been responsible 
for much of our knowledge about these viruses. How new are these viruses? Why have 
they just appeared? Are they found _in species other than f_lying-f�xes? How do they
spread between species? The�e are Just some of �he qu�stlons being addressed by the
team in their continuing studies on these mysterious viruses. 
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ICE MAN 
In the opinion __ of many, 

including myself, Otzi is the 
most important archaeological 

find of the latter part of the 
20th century. 

Above: Otzi is kept in a special environment 
that simulates the conditions of his burial in 
the ice. The air is filtered to prevent fungal 
and bacterial growth. When he died he 
slumped across a boulder with his left arm 
across his chest. Right: The skin quiver is 
attached to a grooved and perforated stick 
which acts as a stiffener. Only two arrows ' 
in the quiver were actually functional. The 
other arrowshafts were in various stages of 
manufacture. Also found in the quiver were 
broken arrowheads, a bowstring and a long 
thin curved piece of antler that was used 
during the skinning process. 
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BY THOMAS H. LOY 

A
BOUT 5,300 YEARS AGO A

mature and experienced 
hunter attempted a dang
erous route across one of 

the highest passes in the Alps . 
Exhausted, he sought shelter in the lee 
of a rock outcrop. He stacked his bow, 
arrow-quiver, backpack frame and 
copper-bladed axe neatly again t the 
rocks, slumped over a large boulder, 
and eventually died from exposure. 

Over the years snow covered him and 
turned to ice. Here he lay frozen until 
1991 when a sirocco wind blew dust 
from Africa into the central Alps, result
ing in a rapid melting of glacial ice and 
exposure of his skull. Following a series 
of attempts to free him from the ice, he 
was taken to the University of 
Innsbruck in Austria, and most recently 
to the Museum of Archaeology in 
Bolzano, Italy, where he i kept in near-

glacial conditions lo avoid further degra
dation of his frozen, mummified body. 

In the .. opinion of many, in�luding 
myself, Otzi (named after the Otztaler 
Mountains in which he was discovered) 
is the most important archaeological 
find of the latter part of the 20th century. 
The opening of Tutankhamun's tomb 
and discovery of a royal mummy and its 
associated treasures caused a sensation 
in the early part of the century. But most 
mummies, either intentionally prepared 
as in Egypt, or simply bodies placed in 
cold, dry or peat bog conditions, have 
seldom become internationally famou . 

What makes Otzi so special? He is the 
oldest mummified human so far discov
ered; but that in itself is probably only of 
passing importance . More ignificant is 
the fact that btzi's tools were never 
buried in the soil and so are vitally 
important for the study of the first steps 
in the preservation of ancient organic 
tool residues. Also, because he was 
found with his entire tool kit and fully 
dressed in his 'work' clothing, we now 
have a complete example of a eolithic 
hunter engaged in his normal occupa
tion. In contrast, most other human 
mummie appear to have resulted from 
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Forensic science provides accurate methods for 

facial reconstruction. Shown below is the 

reconstruction in progress, the pegs ma
_�king 

specific reference points, and above is Otzi as 

he probably looked about the time of his death

S,300 years ago. His is the face of the 

European past. 

ritual burial, and o the goods and cloth
ina found with them may not be repre
se�tative of their daily life. 

No similar human mummy has been 
reported from �u u:alia. T� reconst�uct 
Au tralian preh1stonc huntmg practices 
and the tools as ociated with food-galh
erina, archaeologi ls have drawn largely 
on tl�e 'snap hols' of Aboriginal ocieties 
provided by living Aboriginal elders, 
ethnographers and early European set
tlers. Otzi and his tools, however, may be 
used as an ancient, comparative 'base
line' from which lo characterise the task 
associations of lhe more usually scat
tered and mixed tools found at most 
archaeological sites. Until Otzi's discov
ery, the singular lack of information 
about individual loo! kits carried by pre
historic hunters in Europe or in 
Australia, and the relationships between 
the tools in the kit, have prevented 
archaeological reconstruction at a 'per
sonal', as opposed to the broader 'cultur
al', level. 

During the pa t 14 years I have devel
oped methods for analysing traces of pre
historic organic residue materials, such 
as starch, blood, hair, feathers and 
woody ti ue (see Nature Aust.* Spring 
1990) and ancient D A. These methods, 
which include optical microscopy and 
biomolecular and genetic analysis of pro
teins and D A, are used to identify the 
lype of re idue and the species of origin 
of blood residues. Modern experiments 
have been used to develop and test these 
techniques, and burial effects have been 
simulated to see how (or i-0 they alter the 
use-patterns and whether or not they 
damage the molecular structure of 
organic residues. Otzi's tool kit thus, in a 
sense, provide an experiment that has 
lasted 5,300 years . 
. As part of an international team study
mg Otzi, I spent two weeks in the 
Romano-German Central Museum in 
M�inz, Germany, where the artefact; are 
bemg studied and conserved. I micro
scopically examined most of the remains 
�ssociated with Otzi, chemically screen
mg many of the tools for the presence of 
bloo�, and collecting samples of residues 
for b1omolecular analysis in my laborato
ry back home. Cellulose acetate peels 
were also made of the tool edges. Their 
wear patterns are being studied with my 
colleague Richard Fullagar from the 
Australian Museum. 

The results show that Otzi made and 
maintained his tools carefully, and that 
some of the stone tools were used to
make or modify other tools in the kit. 
Comparison of edge-damage patterns on 
'Previously ANH 
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The copper axe blade was seated in a groove 
in the yew-wood handle. The hunter would 
have periodically removed the rawhide lash

ing, soaked it in water and then stretched it 

while rewrapping the blade in place. Rawhide 

shrinks as it dries and would have bound the 

blade tightly. 

the axe blade with the fin_i_shing marks 
on his bow indicates that Otzi made his 
own yew-wood longbow. Both arrows 
were broken (he missed his target) and 
he was in the process o( using a small 
flake to dismantle them and make one 
temporarily functional arrow. The small 
flake was al o used to prepare feathers 
for the arrow fletching. 

Residue analysis reveals that many of 
his tools were multipurpose. One tool 
that was initially thought, on the basi of 
wear-pattern analysis alone, to have 
been used only as a stone sickle-blade 
for cutting grass, was also found to have 
cleaned meat and collagen from bone 
carved dry bone, and to have crape<l 
skins. Most importantly, the residue 
were found to be per fectly preserved 
indicating that, by the time they were 
frozen, the nece ary biochemical reac
tions had occurred to ensure their long
term preservation. The tructural fea
tures and the preservation of residues 
on btzi's tools re emble in all aspect 
those I have studied on buried prehis
toric tools from Australia and else 
where, some in excess 0£ 100,000 years 
old. This goe to show that a residue 

The flint-tipped and wooden-handled knife, 

together with its grass scabbard, show a long 

history of use. The handle of split wood, 

bound tightly around the flint blade, is 

impregnated with blood proteins. It is inter

esting to note that, if the flint blade were 

found in an archaeological site where wood is 

rarely preserved, it would undoubtedly be 

classified as an arrowhead. 
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buried in soil is a� s�able an
£i
d lo�g-la l

. g as one frozen 111 ice, con 1rm111g my 
111 

dei·standing of the biomolecular un I · lh · processes under ymg e preservation 
of residues. . . 

� Although the cl:iances of £ind111g an
fee Man in Auslralta are, of course, zero 
o-iven our climale, !l may be that o�e day 
; similar mu1111111fied person will be 
found. (A 5,000-fear-old mummified 
Thylacine was relnev_ed from one of lhe 
underground caves 111 t_he ullarbor.) 
Until that clay, howev�r, O�i will remain 
a unique archaeological discovery, and 
one that is relevant not only to the study 
of archaeology in Europe, but also here 
in Austnlia and elsewhere. • 

further Reading

� Barfield, L., 1994. The Ice Man reviewed. Antiquity 68:
10-26.

Loy, T.H., 1994. Analysis of the artefacts of the Ice Man
mummy. Institute for Alpine Research: Innsbruck, 
Austria. 

Spindler, K., 1994. The man in the ice: the preserved
body of a Neolithic man reveals the secrets of the Stone 
Age. Translated by E. Osers. Weidenfeld & Nicholson 
Publishers: London. 

Dr Thomas H. Loy is a Principal Research 
Fellow, cross-appointed between the 
Department of Anthropology and Sociology 
and the Centre for Molecular Biology and 
Biotechnology at the University of 
Queensland. He specialises in the analysis 
of prehistoric organic tool-use residues and 
the analysis of ancient DNA. He also has the 
distinction of being the only non-fictitious 
scientist rnentioned in Michael Crichton 's 
best-seller Jurassic Park. 

Part of the grass cape worn by Otzi. It 
provided warmth and protection from rain 
and snow. 
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The wooden implement at the top is a pressure-flaking tool with an antler tip. Careful shaping 
of flint edges requires the use of antler, for it is relatively hard but not brittle. The three flint
implements shown are (from left to right): a classic 'scraper', which residue analysis reveals 
was used for several purposes, including cutting grass, removing tendons from fresh bone, 
smoothing and shaping bone and antler, and scraping skin; a combination drill and woodwork
ing tool, which was used to make the holes and groove in the wooden stiffener of the quiver; 
and a small flake used for trimming the feathers on the arrows and for removing the pitch and 

string lashings that held the arrowheads to the shafts. 
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THE WILD SHAPES OF TASMANIA 

? BY ROB BLAKERS 
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VIEWS FROM THE FOURTH DIMENSION 

The Lesser Short-tailed Bat spends a lot of its time

hunting for food on the ground, scurrying about on its wrists and

hind feet like a Transylvanian rodent.

BIZARRE BATS OF

THE BURROWS 

BY MICHAEL ARCHER 

ACH NIGHT, 0 E OF THE 

oddest beasts in the
world flaps its way through New 
Zealand's Gonclwanan rainforests, 
smacking its lips at the thought of ten
der baby muttonbircl dragged scream
ing out of its burrow to be consumed in 
the moonlight! Well, even though its 
culinary interest in muttonbircl flesh is
in fact argued about, every bat biologist
agrees that the Lesser Short-tailed Bat 
(Mystacina tuberculata) is one of ew 
Zealand's most striking biological
claims to fame. But ew Zealand's claim
to sole possession of this group has now

been challenged by the discovery of 23-
million-year-olcl fossils from Riversleigh
in north-western Queensland. These 
reveal that the oldest-known and proba
bly ancestral members of this very
strange group first honed their skills in
the ancient rainforests of Australia. 

Like the recently extinct Greater 
Short-tailed Bat (Mystacina robusta) of 

ew Zealand, its Lesser cousin has 
hort, stout hind legs and uniquely 

shaped claws. It also has proportionately
narrow wings, which help it to fly in the 
cluttered unclerstorey of ew Zealand's 
lowland rainforests-the only habitat in 
which it lives. But its slightly odd out
ward appearance gives no indication of 
its extraordinarily odd behaviours. 

Unlike normal bat , the Lesser Short
tailed Bat spend a lot of its time hunting 
for food on the ground, scurrying about 

on its wrists and hind feet like 
Transylvanian rodent. During these f a 

I t f . Or-ays, t 1e ou er parts o its wings a 
tucked away in pocket-like folds of st
cle�elo�ecl along the body. When in P���
Slllt of 111 ects or other small creatures ·t
burrows thr_o�gh leaf litter like a mo\ 

1 
More surpnsmg was the discovery ,;· 
Mike _Da�iel (New Zealan? DepartmeJ 
of Sc1ent1fic and lnclustnal Research) 
that the bat al o feeds o_n fruit and possi
bly nectar, foods routmely utilised b 
only two other groups _or bats: Old Wor]�
fru1t-�ats (pteropocl1cls) and South
American New World leaf-nosed bats 
(n?ctilion_oicls�. The tip _of its tongue has
hairy papillae 1cleally suited for collecting 
n_ectar and pollen from flo""'.ers. As a po . 
s1ble measure of the antiquity of thi 
habit, one of ew Zealand's parasitic 
plants, Dactylanthus taylorii, who e flow
ers appear at ground level, appears to be 
tot�lly dependent on these bats for polli
nation. 

But most bizarre in terms of feeding
behaviours, these bats reputedly (there 
are doubters!) raid the burrows of mut
ton birds to consume the hapless chicks. 
New Zealand muttonbirclers were evi
dently so annoyed about the depreciation 
on southern muttonbircl colonies that 
some time prior to 1936 they used smoke 
to kill or drive the bats from their caves. 
But even if the muttonbird stories are 
exaggerated, captive individuals have
definitely eaten the fie h of birds. 

Their roosting behaviour is no le s 
unusual. While they inhabit caves when 

New Zealand's Lesser Short-tailed Bat. 
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available, they are f�1r better known for
I · 11credible labyrinth they excavate
t ,e , f . I' . 
within the trun!<s o g,��t �au!·' �re�s
(Agatllis austra/1s). If the11 wo, n 111c1 01 

are any inclical101:i
1
, th_ey ;11�st 

1
gna

1
w 

through the wood It <e giant 1a1_ry )eet e

I ·vae ommunal chambers linked bya, . 
f 1 . I t . 

tunnels, some o w 11c 1 are me res 111 

length, 1:ioneyc?n:b 
the interior. W1th1n

do_ other kinds of bats, the most recent being the Reel Flying-fox (Pteroj)us
scapu/atus). The close relation hips of ew Z�alancl' other unique bat, the Long-La tied Bat ( Chalinolobus tubercula
tus), Lo Australian species of the same genus suggest t�al il probably emigrat
ed from Australia no more than a few 

million years ago. 
We may now know 

these bat-burro_w�d
berths, the hum1d1ty
is 100 per cent, tem
peratures range fr?m
15-390 C clependmg 
upon how active the
tenants are, and the
telltale ammonia
smell of a thousand
trapped wee-we�s 
can be clelectecl 111 

the forest 100 metres 
from the roost tree. 

If their worn incisors 
where ew Zealand 
got its myslacinids 
from, bul what about 
the ongm of 
A u s t r a l i a n  
myslacinicl ? Con
sidering that molecu
lar data link 
living myslacinids to 
South America's noc
tilionoid , could 

blood. �nolher mob, after evolving into
f,.uslrahan myslacinicls, blew across thefa�ma� lo scrabble on all fours afterfr_u1Ls, insects and maybe Lhe odd slowb1rd- When lhe Australian ancestors ofboth mobs faded away, they left behind two very strange but closely related groups of bats al opposite ends of the Ear�h-Lhe _mis ing links being the tiny fossils of Riversleigh. The stone bonesrattle and Lhe liny Leeth speak. • 

are any indication, they 

must gnaw through the 

Further Reading 
D_ani_el, M.J. & Williams, G.R., 1984. A survey of the 
d1stnbut1on, seasonal activity and roost sites of New 
Zealand bats. NZ 1. Ecol. 7: 9-25. 

wood like giant hairy 
Pierson, E_.D., Sarich, V.M., Lowenstein, J.M., Daniel, 
M.J. & Rainey, W.E., 1986. A molecular link between 
the bats of New Zealand and South America. Nature
323: 60-63. beetle larvae. 

To add Lo the over-
all mystery, there has been considerable
uncertainty about the evolutionary rela
tionships of this unique family of bats, 
the Mysla-cinidae, to others. Dixie 
Pierson (University of California) who 
studied albumin serology, and most 
recently John Kirsch (University of 
Wisconsin) who studied D A-hybridisa
tion, both suggested that these ew 
Zealand bats are most closely related to 
South America's noctilionoid bats, a 
hugely diverse group including insect
and meat-eaters, fruit- and nectar-feed
ers, as well as the infamous blood-suck
ing vampire bat . Pierson suggested that 
ancestors for mystacinids must have 
flown to ew Zealand from South 
America via Antarctica about 35 million 
years ago. 

b 

A lovely story of relationship, but one 
almost certainly misinterpreted. When 
palaeontologist Suzanne Hanel (Univer
sity of ew South Wales) first saw the 
�trange 23-million-year-old bat jaw pok
mg out of the limestones of Wayne's Wok 
Site at Riversleigh, she instantly knew it 
had nothing to do with any other previ
ously recognised group of Australian 
bats-living or extinct. It didn't take her 
long to realise, with great excitement, 
that she was holding the world's first 
non- ew Zealand mystacinid. This unex
pected but delightful discovery was fol
lowed by many others, including one 
from the 12-million-year-olcl Bullock 
Cre�k assemblage in the Northern 
Terntory, and it soon became obvious 
tha! f\ustralia was the centre of a major
radiation of these fascinating bats. 

ew Zealand's mystacinids were 
almo�t certainly Australian (not South Amencan) high-flyers blown eastwards 
?Y the prevailing Westerlies. Considering that for at least the last 65 million 
Years New Zealand has been more or less parallel Lo the Australian coast and spread over 20° of latitude, it has long been an easy target for wind-blown creal�res. And blow in they have. Australian birds and bullerflies regularly drop in, as 
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Sou Lh Ameri-can 
bats have invaded 
Australia (via 

Antarctica) to become my ta-cinicls 
which then flew off to ew Zealand? 

Hand, S.J., Murray, P., Megirian, D., Archer, M. & 
Godthelp, H., 1998. Mystacinid bats (Microchiroptera) 
from the Australian Tertiary. J. Paleont. 72: 238-259. 

Perhap , but other uncle cribed bats 
from Riversleigh, some of which show 
triking imilarities to noctilionoids, 

tempt ue to consider a previously 
unimagined possibility-that a common 
stock for both noctilionoicls and 
mystacinicls originated in Australia. 
Then one mob, driven by an urge to fly 
south, flapped across West Antarctica to 
claim South America's fruits, bugs and 

Kirsch, J.A.W., Hutcheon, J.M., Byrnes, D.G.P. & Llyod, 
B.D., in press. Affinities and historical zoogeography of 
the New Zealand Short-tailed Bat, Mystacina tubercu
!ata Gray, 1843, inferred from DNA-hybridization com
parisons. 1. Mamm. Evo/.

Professor Michael Archer lectures in biology 
and geology at the University of New South 

Wales. Most of his non-teaching hours are 

devoted to the study of the fossil faunas of 

Riversleigh, north-western Queensland. 

The World's Best 

Bushwalking! 
• Spectacular scenery with

out huge climbs. 
• 20 000 years of rock art. 

• Clear, tropical pools, per
fect for swimming, 
pure enough to drink. 

• Predictable weather and 
light packs. You'll need 
a tent or a sleeping bag, 
not both. 

• Abundant firewood means 
small campfires are better 
than stoves. 

• Walk for weeks without 
seeing a soul.

• One of the world's least
disturbed ecosystems. 

North Australia -
nowhere else can 
give you the lot. 

Willis's Walkabouts -
12 years guiding bushwalks 
in the Top End of Australia. 

We offer short walks of 4-5 
days, long walks of 3-6 
weeks; easy walks, hard 
walks and everything in 
between; walks we've done 
dozens of times, exploratory 
walks charting the unknown. 

Ask for our brochure. 
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REVIEWS 

EUCLID: An 
Interactive Key to 
the Identification 
of Eucalypts CD
ROM 
By M./.H. Brooker, J.R. Connors 
and A. V. Slee. CS/RO Publishing, 
Vic., 1997, $120.00rrp. 

This computer program fol
lows in the wake of that other 
successful computer identifi
cation program "Australian 
Tropical Rainforest Trees" by 
Bernie Hyland and Trevor 
Whiffin. This computer iden
tification program covers all 
eucalypts found in ew South 
Wales, Victoria, Tasmania 
and the south-eastern corner 
of South Australia. 

By following the simple 
instructions on the back of 
the CD cover, the program is 
quickly and easily installed. 
The program is exceptionally 
user-friendly and I had no dif
ficulties in working through 
the various options available. 

With my unknown euca
lypts in front of me, I pro
�eeded to work through the 
mteractive identification key. 
I preferred the "Best Fit"
character list over the "AllCharacters" list, as I found I was able_ to identify my specimens usmg only about five to ten characters. Most of the characters have illustrations 
0� to which you can double chck to make your choice and there are definitions for each character. For the novice to EUCLID I recommend you read the definitions of the characters in case your conc�pt of a particular character differs from that of the 
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author . 
The similarities/differ-

ences option was very useful 
when I had narrowed clown 
my list of possible taxa to ten 
or less species. The photos 
of the habit, buds, fruit, bark 
and juvenile foliage of ea_ch 
species are excellent, with 
the re olulion of your com
puter monitor being the limit
ing factor. There are also dis
tribution maps of each 
species, which are quite 
cletai led. 

I found this program a plea
sure Lo u e and look forward 
to future editions covering 
the remaining eucalypt 
species. 

-Peter Jobson

National Herbarium of NSW 

Royal Botanic Gardens, Sydney 

Mollusca: The 
Southern 
Synthesis 
By Australian Biological Resources 
Study. CS/RO Publishing, Vic., 
1998, l,234pp (vats A and B). 
$295.00rrp. 

Trying to write a review in 
300 words of a two-volume 
'encyclopaedia' of 1 234 
pages is no easy task. But try
mg to find a reviewer who is 
not one of the 71 authors is 
no easy task either. I have 
had the pleasure of knowing 
the majority of those authors 
and have been on the periph
ery of thi work for manyyears, so can but congratulate them all for a work that can only be described as magnificent. The molluscan 

volumes in The Treatise on 
Invertebrate Palaeontology 
series, for so long on the front 
shelves of any library, can 
now be relegated Lo second 
place. 

There are certain works on 
malacology that are seminal, 
such a Thiele's 1935 
Handbuch der Systematis-chen 

Weichtierllunde. And there 
have been other elegant stud
ies detailing pecific areas of 
inter st, uch as Thorson's 
1946 Reproduction and larval

develofJ1nent of Danish marine 

bottom invertebrates, or even 
Hickman and McLean's 1990 
Systematic revision and supra
generic classification of 
trochacean gastropods. 

But Mollusca: the southern
synthesis says it all. As the 
publication's description 
says, "The majority of mollus
can families described are 
found throughout the 
Southern Hemisphere as well 
as the Northern Hemisphere 
making this title an essential 
reference for malacologi ts 
around the world". 

What I have said above is 
directed to professional mala
cologists and those skirting 
the field. But this work is 
readable, understandable and 
sensibly de igned to become 
a valuable tool for biology and 
zoology students, environ
mental educationists, staff 
attached to environment cen
tres, and those not au fait with 
scientific terminology. 

Over 500 superb colour and 
black-and-white photos, even 
more superb line drawings 
(over 2,500 of them), all sup
ported by a text contributed 
to by the current world 
experts in their field, make 
this work an essential inhabi
tant of any zoological, biologi
cal, ecological, palaeontologi
cal or conservation library. 
The price is irrelevant. The 
value is worth many times the 
price. As well, these volumes 
won't date easily. 

I mu t admit that I just had 
to buy the two-volume work 
becau e-1 ju t had to. Then I 
was asked to write this 
review. What a present I have
for somebody! 

-Phil Coleman

Australian Museum 

Forew�,d by Tim �!Jnntry 
QUENTIN CHESTER u: 

ALASDAIR McGREGOR 

Australia's Wild 
Islands 
By Quintin Chester and Alasdair 
McGregor. Hodder & Stoughton 
Australia, NSW, 1997, 276pp. 
$60.00rrp. 

Australia possesses one of 
the world's most diverse col· 
lections of offshore habitats. 
Their history, geology and 
wildlife are of great impor
tance to the mainland and go 
towards making Au tralia the 
unique and challenging land 
that it is. 

This book is basically 
divided into the eight major 
island groups that lie dotted 
around Australia, including 
those near the Antarctic. If 
you read the book in 
sequence, you can get a 
sense of the changing cli
mates and stark differences 
between many of these 
islands. 

There is a feast of infonna· 
tion provided, including his
torical backgrounds, early 
inhabitants animals likely to 
be encount�red, and facilities
that might be there for
pro pective visitors. There
are al o maps, archival ph?· 
tograph , and bibliographic 
references at the encl of each
island description to t�e 

many quotes included wi!hlil 

th text. McGregor c0(1�
bines photoo-raphs of wilclh!e 

and land ;apes with !115

painting of lush vegeta�r 
that acid to the overall n� � 
ne s of the experience, whic 
is very salisfying. . r Chester and McGr��o 

hav produced an exciting
and beautiful book on the 

i lands off Australia. Its ��J11·

bination of evocative wn!Jng
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and strong im�ges makes il
ell worth havmg. 

W 
-Kate Lowe 

Australian Museum 

G 
OF SOUTHERN AUSTRALIA

fungi of Southern

Australia 

By N.L. Baugher and K. Syme.

University of Western Australia 

Press, WA, 1998, 391pp. 

$75.00rrp. 

There are very few compre
hensive guides to the identifi
cation of Australian fungi and 
so it is pleasing that a new 
book on macro-fungi of south
ern Australia, containing 
de criplion of a large num
ber of species, should appear. 
This book combines the 
beautiful paintings of Katrina 
Syme with the comprehen
sive mycological knowledge 
of eale Bougher in a man
ner that is both pleasing to 
the eye and full of details on 
each of the fungi described. 

b: 

The first part of the book 
provides information on the 
basic biology and ecology of 
macro-fungi, how to find, col
lect and process fungi, and 
how fungi are described and 
named. This section contains a great deal of useful information, particularly the sections on finding and describing f�ngi,_ which are rarely outlined 111 texts of this nature. The descriptions of species ea�h. with a water-colou;pau�tmg of the fruiting body
111 its habitat, make up thebulk �f the book. All the�ssen�ial details are here,111�lud111g habitat and distribut,_on, taxonomic relationsh�p�, and references to the
�ng111al taxonomic descrip-
ti L. _on. 111e draw111gs are pro-vided of the spores, basidiaand . other features, anddetails of the microscopic features are provided. It is a verycomprehensive description of
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each species. 
My only criticism i that the 

book i perhaps slightly 
incorrectly lilied. The majori
ty of fungi in the book are 
from south-western Australia 
and, while it i lrue lhal many 
do occur in oulh-eastern 
Australia, Lherc arc also many 
common species from soulh
easlern Australia lhal arc nol 
included in the book. Despite 
Lhis, Lhe book i an essential 
addition Lo Lhe library of any 
mycologist, be Lhey profes
sional or amateur. 

-Brett Summerell 

Royal Botanic Gardens, Sydney 

agli! 
The Health and Environment 

Hazards of Modem lcchnology, 

The Perils of 
Progress: The 
Health and 
Environment 
Hazards of 
Modern 
Technology & 
What You Can Do 
About Them 
By John Ashton and Ron Laura. 
UNSW Press, NSW, 1998, 3346pp. 
$29.95rrp. 

From electric razors to 
margarine, from traffic noise 
to the invisible electromag
netic smog Lhal surrounds us, 
we are, willingly or other
wise, inlimalely affected by 
the technological advances 
that have transformed the 
modern world. The authors 
of Lhis book have considered 
a vast range of areas that have 
apparently benefited from 
technology. They present 
well-referenced arguments, 
however, lo suggest that, in 
many cases, any potential 
benefits are also accompa
nied by other less desirable 
effects that may have signifi
cant implications for human 
health and ecological integrity. 

The views of the authors 
are clear: the natural allerna-

��v� (s invariably lhe best.I h,� 1s well illustrated in thes�cl1on of the book that deals with_ food _ technology. lL is tragic lo lh111k of lhc encl we go lo lo manipulate food products which, in their natural stale, arc more nutritious and beneficial lo our health than L!1eir bland, genetically modif1ec\, flavour- and colour
enhanced, hyclrogenalecl or 
salt-laden derivatives. 

l would challenge even the 
most hardened technophile 
nol lo question their reliance 
on technology based on the 
information pre enled in this
book. 

-Tim Norman

Australian Museum 

Western Weeds: A 
Guide to the 
Weeds of Western 
Australia 
By B.M.J. Hussey, G.J. Keighery, 
R.D. Coussens, 1. Dodd and 5.G.
Lloyd. The Plant Protection Society

of Western Australia, WA, 1997,

256pp. $25.00 plus postage &
packing.

Western Australia is usual
ly thought of as the 
W ildflower Stale with an 
interesting native flora. It is 
sad then Lo think that the 
remnant vegetation and 
native bush land near settle
men l is sleaclily being 
replaced by introduced 
plants-weeds. This book, 
wilh its broad coverage from 
the Kimberleys lo the wet 
soulh-weslern corner of 
Western Australia, presents 
the majority of weedy plants 
occurring in Lhe Slate, and 
because of lhi wide cover
age, il is al o applicable to 
much of the country. 

The preface and introducto
ry chapters are an excellent 
background in weeds and 

ALYElotEM T-SIIJRT 
They come i11 a range of sizes. 

$29.95 

DIS(;OVJmY: THE QUEST 
FOil TIIE GnEAT So TH LAND 

Six ce111ttries before rhe birrh of Chrisr. 
people bega11 10 imagi11e a11 immense 

la11d al rhe bo11om of the world. 
$29.95 

KEY GUIDE TO AUSTRALIA'S 
NATIONAL PARKS 

More tha11 370 parks described. 

$29.95 

KILLE!! SHARK 

Pull my tail ll'atch me a11ack!! 1 

$4.95 

P TU�IAYO °WORLD MUSIC CD'S 

O11e Warld. Afro Lmi110. Music from 

the Coffee Lo11ds. etc. $26.95 each. 

Get them all from: 

A1,111.\11,, 

l\h,MJ\IStUW 

6 COl.1.H,t SI' 

s,w .. 1, NSW 

2000 

F, ,: (02) 9320 6066 

1•11m .. 1: (02) 9.\20 6150 

111 11!-111•.: W\\\\.\llSI\IUS.GO\'.,\IJ 
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their manao·emenl. They dis
cus how botanists decide 
which plant are weed , how 
damao-ing they are to the 
environment, how they 
become e tablish d m the 
wild, and the procedures in 
notifying the official authori
tie on localised preacl and 
introduction of new weeds. 

Most of the plan ls are illus
trated (600 out of the 800 pre
sented) and the brief descrip
tions are very informative. 
The majority of the photos 
are good enough to use for 
idenLificaLion purposes. 
ome of the mustard plant 

(Brassicaceae) photos show 
the habit well, but have poor 
focus on the fruit (the main 
feature for identifying this 
aroup). Fortunately, they 
have a table with drawings of 
all the mustards presented, 
which i very useful. The 
captions for Acacia baileyana
and A. dealbata on page 179 
have been switched, which is 
annoying. The reference list 
at the encl is very good and 
pre enls all of the current 
identification books and flo
ra available in Australia, as 
well as the more recently 
published weed management 
books. 

This book is a must for 
agricultural students, bush 
regenerators and farmers 
who are environmentally con
scious. 

-Peter Jobson

National Herbarium of NSW 

Royal Botanic Gardens, Sydney 

A Journey 
Through Stone: 
The Chillagoe 
Story 
By Ian Plimer. Reed Books, Vic., 
1997, 176pp. $29.95rrp. 

Ian Plimer's name became 
almost a household word in 
1997 with the intense media 
coverage of his failed attempt 
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to put a lop lo false and mis
leading claims made !JY _c1:e
ationists, using the Jucl1c1al 
ystem. This is indicative of 

Plimer's passion for his sub
ject, being willing to _go to 
extraordinary lengths 111 the 
name of science. Plimer has 
been advancing the cause of 
geology and geological learn
ing for years through leach
ing, media appearance:3 and 
writing. As a result, he 1s one 
of the most well-respected 
geologists in the country. 

The story of Chillagoe is 
interesting from both a geo
logical and historical point of 
view. Geologically it spans 
approximately 500 million 
years and historically over 
100 years. As a geologist but 
not one specialising in miner
als I found the book easy to 
read. Plimer implifies geo
logical processes very well 
while giving an overview of 
the geological history of 
Australia and how it led to 
Chillagoe' amazing mineral 
clepo its. 

Most of the book is taken 
up with the ancient history of 
Chillagoe. Five hundred mil
lion years are dealt with in 
108 pages! It is here that I feel 
the non-geologists may be 
lost, although I don't think it 
could be simplified any fur
ther without loss of geologi
cal accuracy. The last 37 
pages detail the ongoing che
quered history of mining at 
Chillagoe. It has quite an 
interesting history with its 
fair share of scandal and 
intrigue. As with many of the 
old mining fields in Australia, 
Chillagoe has enjoyed a 
revival in the last ten or so 
years as new technology is 
applied to mineral explor
ation and extraction. 

The text is interspersed 
with more than adequate 
maps and diagrams. The 36 
plates (grouped together) are 
of varying quality. The mine r 
al photographs could have 
been better. Many lack depth 
of field and some have poor 
colour definition, which 
detracts from the high quality 
of the lexl. The design and 
production of the book is 
commendable. An interesting 
feature is Lhe time line clown 
the right-hand margin of each 
page, indicating the corres
ponding time period of the 
Lexl. 

I have a feeling that the 
book could have a limited 
audience, mainly geologi ts, 

both professional and ama
teur, and local historians. lL 
does nol have general app al 
to the vast number of 
Australians who may have 
never heard of Chillagoe. At 
$29.95, however, it is a good 
buy if the subject interests 
you. 

-Robert Jones

Australian Museum 

The Fossil 

Collector's Guide 

By J. Reid Macdonald, Mary Lee 
Macdonald, Patricia Vickers-Rich, 
Leaellyn 5. V. Rich and Thomas H. 
Rich. Kangaroo Press, NSW, 1997, 
172pp. $29.95rrp. 

Many years ago I pur
cha eel a copy of The fossil
collector's handbook by J. Reid 
Macdonald. At the time it was 
the only book of its type avail
able, with lots of worthwhile 
information on collecting fos
sils. It had one major draw
back and that was it was writ
ten for the US market like so 
many other books on 
palaeontology. Sure it was 
useful but in a limited sort of 
way. 

Obviously I was not the 
only one to suffer the frustra
tion of having lo tolerate map
ping systems, fossils and ter
minology that would never be 
encountered in this country. 

ow in a blatantly family 
affair J. Reid Macdonalcl's 
handy book has been made 
totally Australian user-friend
ly, well almost. 

Most of the illustrations 
have been replaced with 
Australian examples. Many 
references to things Ameri
can have been changed to 
Australian examples. orth 
American terminology has 
been largely replaced with 
Au tralian terminology. You 
know it is written only for use 
in Australia when Vegemite i 
included in the shopping list 

o[ suppl�es for lhe field 
kitchen! 1 he book retains all 
its �orthwhile information 
and 1s now even more useful 
to Au tralian fossil enthusi
asts. 

In ix chapters the book
deals with most of the area 
of fossil collecting, identify. 
ing_, classifi_calion and prepa
ration, with background 
information on geology and 
where lo gel more infonna
tion and help. The book 
begins with acknowledge
ments, which is fine, but then 
reproduces an article on the 
well-pu blicisecl Tyrannosaur
us skeleton nicknamed 'Sue'. 
Whal is not explained is that 
this is only the first half of the 
story and since the article 
was written 'Sue' has been 
pul lo auction and sold. Also 
the section on the state of leg
islation concerning fossils 
and their ownership in the 
US i interesting but a bit out 
of place. o mention has 
been made of Australia' 
Protection of Moveable 
Cultural Heritage Act 1986 
concerning export of fossils, 
or other Australian State leg
islation concerning collection 
and ownership of fossils, 
which would have been far 
more appropriate. 

Chapter 4, where practical 
field and preparartion skills 
are dealt with, is probably the 
single most useful chapter in 
the book. Much of the infor
mation in the other chapters 
can be found elsewhere and it 
is this chapter that sets the 
book apart from other geolo
gy or palaeontology texts. 

Sadly a lot of errors have 
crept in from what appears to 
be poor proof-reading, espe-_ 
cially in the acldres es of 
institutions in the section on 
"Where to go and who to con
tact for more information". 

It might appear that I am 
overly critical of the book, 
which i not my intention. In 
praise of the work I feel the 
critici ms mentioned above 
do not deb-act from the use
fulness of this book. Except 

for the problem wit� th_e 
addresses the information it 
contains i� not at all compro· 
misecl by my critical view: 

With the best intentions 
the author have done a cond 
mendable job, which shou! 
bring about an increase 11} 
popularity and usefulne?s 0 

the book here in Ausb·aha. 
-Robert Jones

Australian Museum 
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Get involved! Across Australia there is a network of active societies , large and small local and national which e · t t f h Whether your special interest is conservation, birds , science, national pa;ks, bushwalking or'a particu� rs O urt 

f
er the cause of !he subJect that you hold dear. ar group o animals, there s a society f or you. 

ANIMAL WELFARE

WIRES (Dubbo Branch)

PO Box 1456

Dubbo, NSW 2830

Ph: (020) 6884 4995

Contact: andra Ferguson

• 

Membership fee: $37.00

WIRES ( SW)

PO Box 260 

Foreslville, N W 2087

Ph: (02) 9975 5567

Contact Jennifer Stevenson or

Lucy Andrews 

• 

Membership fee: Varies 

Sydney Metropolitan Wildlife 

Services 

PO Box 78 

Lindfield. NSW 2070 

Ph: (02) 9413 4300 

Contact: onja ·wesley, Director/ 

Public Officer 

• 

Membership fee: $75.00 (includes 
2-day traini11g course)

BIRDS 

Bird Observers Club of 

Australia 

PO Box 185 

Nunawassing, Vic. 3131 

Ph: (03) 9877 5342 

Contact: Mrs E. McCulloch 
•• ••

Membership fee: Varies 

CONSERVATION
Friends of the Platypus
c/- Australian Platypus
Conservancy 
PO Box 84 
Whiltlesea, Vic. 3757
Ph: (03) 9716 1626
Contact: Geoff Williams

Newsletter/Journal 
• Monthly meeting 
• Bi-monthly meeting 

Annual meeting/conference 
• Weekly meeting 
• Quarterly meeting 
• Field outings/Tours 
• Conservation/Working programs 
• Discounted Goods 

Magazine 
Social/Education Activities 

• Nature Australia magazine 
• Seminars 
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• •••

Me111bershi/J fee: $30.00 adult; 
$45.00 family; $20.00 fuU-tiine 
student 

EARTH SCIENCES 

Dino Club (WA) 

WA Museum 

Depl of Earth & Planetary 

Scienc s 

Francis Sl 

Perth, WA 6000 

Ph: (08) 9328 4411 

Conlacl: Angela Davis 

Membership fee: $12.00; $20.00 
group 

EDUCATION 

Science Teachers' 

Association of Qld 

c/- Depl Mathematics Science & 

Technology Education 

QUT- Kelvin Grove Campus 

Victoria Park Rd 

Kelvin Grove, Qlcl 4057 

Ph: (07) 38643340 

Contact: Ms P Havenschild 

• •••

Membership fee: $85.00 basic 

ANGFA (NSW) Australia & 

New Guinea Fishes 

Association 

23 James Wall Dr 

Chiltaway, NSW 2261 

Ph: (02) 4388 2276 

Conlacl: Lorraine & Derek 

Girkin 

•• 

Membership fee: $10.00 

CSIRO's Double Helix Club 

PO Box 225 

Dickson, ACf 2602 

Ph: (02) 6276 6647 

Contact Lynn Pulford 

Membership fee: $25.00 

Are you a Club 

Secretary? 

NATURE AUSTRALIA's Associate 

Society Scheme is designed to 

help your club or society with 

free publicity, funds and 

member benefits. Call Robbie 

Muller on (02) 9320 6119 

for more details. 

Science Teachers' 

Association of Vic. 

PO Box 190 

Richmond, Vic. 3121 

Ph: (03) 9428 2633 

Conlacl: Julie Mills 

•• 

Meinbership fee: Varies 

ENVIRONMENTAL 

The Society for an 

Ecologically Sustainable 

Population Inc. 

PO Box 70 

Dural, SW2158 

Ph: (02) 9939 6889 

Conlacl: Jill Curnow 
• 

Membership fee: $25.00 

Gould League (Vic.) 

Genoa Sl 

Moorabin, Vic. 3189 

Ph: (03) 9532 0909 

Conlacl: Alan Mayberry 
• 

Membership fee: $7.50 

MICROSCOP Y 

The Postal Microscopical 

Club 

PO Box A1017 

Sydney South PO, 1 SW 1235 

Ph: (02) 4758 7128 

Conlacl: Michael Dingley 

•• 

MembershifJ fee: Varies 

MUSEUM 

TAMS, The Australian 

Museum Society 

6 College Sl 

Sydney, NSW 2000 

Ph: (02) 9320 6225 

Contact: Michelle Ball 

•••••

Membership fee: $55.00 single; 
$70.00 household; $40.00 stu
dent/pensioner 

NATURAL HISTORY 

Field Naturalist Association 

of Canberra 

GPO Box 249 
Canberra, ACT 2601 

Ph: (06) 240 8152 

Contact: Joyce Weeks 

•• 

Membership fee: $20. 00 

single/family; $12.00 concession 
(/Jensioners & fu,ll-time students) 

Field Naturalists Club of 

Victoria 
Locked Bag 3 

Blackburn, Vic. 3130 

Ph & Fax: (03) 9877 9860 

Contact: Geoffrey Paterson 
•• •••

Membership fee: $40.00 metro-
politan; $30. 00 concession· 
$30.00 country; $15.00 ju�iior 

Launceston Field Naturalists 
Club 
PO Box 1072 
Launceston, Tas. 7250 
Ph & Fax: (03) 6344 1076 
Contact: Dr A. Pegler, Hon. 
Secretary 
•• •

Membership fee: $15.00 
single; $20.00 family 

Linnean Society of NSW 
PO Box 457 
Milsons Point, NSW 2061 
Ph: (02) 9929 0253 
Contact: Mrs B.J. Stoddard 
•• 

Membership fee: $50.00 

PALAEONTOLOGY 
Dinosaur Club Vic. 
Monash Science Centre 
Monash University 
Clayton, Vic. 3168 
Ph: (03) 9905 1370 
Conlacl: Prof. P Vickers-Rich 

•• 

Membership fee: $12.00 or 
$20.00 

REP TILES 
SA Herpetology Group 
c/- SA Museum 
North Terrace 
Adelaide, SA 5000 
Ph: (08) 8201 2805 
Contact: Tim Milne 

• •••

Membership fee: $25.00 adult; 
$30.00 family; $20.00 
student/junior 

Cape York Herpetological 
Society 
PO Box 84 M 
Manunda, Qld 4870 
Ph: (07) 4054 7317 
Contact: Michael Anthony 
••••• 

Membership fee: $25.00 
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YOU CAN 

MAKE A 

DIFFERENCE 

If you're not content 
just wondering 
about the future, 
how about doing 
something to change 
it? Earthwatch 
membership is your 
chance to help make 
our world better for 
tomorrow. Choose 
from over 140 
expeditions from all 
parts of the globe. 
For two weeks your 
life could change as 
you assist scientists 
who are studying life 
on earth. You need 
no special skills or 
training as you will 
be taught everything 
on site. The 
challenges are 
limitless: marine 
mammals, rainforests 
of Kalimantan, 
lemurs of 
Madagascar, Mayan 
origins, the Komodo 
Dragon, fossils and 
archaeology. 

Call Earthwatch 

Australia 

Headquarters for 

a free info pack 

(03) 9682 6828

or

visit our website

.earthwatch.org 

KIMBERLEY COAST 

WILDLIFE EXPEDITION 

Led by George Swann 

Kimberley Cruise Broome-Wyndham 

• 13 days, 14 nights aboard the new

"True orth" luxury cruiser.

• 3"' to 17"' August 1999.

• The ultimate luxury birdwatching 

trip visiting one of the worlds 

most rugged,isolated and exciting 

coastlines.

• George will lead this bird/wildlife

charter with his usual style of

enthusiasm and expertise,

helping everyone to find and

identify species common and rare. 

• Be prepared for some very 

exciting birding.

For brochure contact: 
George Swann 

Kimberley Birdwatching 
PO Box 220, Broome 

Western Australia 6725 

A 1111ique place to stay 

Great Bird Watching 
Goldfielcb, R,1ilw;:-iy and Warnme History 

Rebxing Country Sryk !V1in111g Pub buih 
111 an era when recycling was :1 nece,,1rv 

Home Style Meals 

*** l)inner under ,1 m1lhon ***

National E,r,1te ,rnd National Tru,r listed 

Nla1m Power, Spa, 11nprovemcnr, 

accompli-;hed with e1npha,1s on prc..,crvmg 

the style of rhe er:i. and c·ncouragmg 

thi: vaned bird hie" 

Tradinon;:-il accom111oc.bnon 
(,rnd some a1rc'o11dmoned umt'i 

:wailable on rcque-.t) 

C,11npmg and Ca1�v;111, 

(conmn11ul fact!me,) 

Elipo, 

Grove Hill is l 80 km (2 hours) SE froni 
Darwin - jusr L6 k111 off rhe Sruarr Highway 

near Hayes Creek 
Telephone/Fax: (08) 8978 2489 

GPO Box 954 
Darwin T 0820 

Readers please mention Nature Australia when replying to advertisements 
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Capture 

the spirit! 
Fly with birds; swim wit� whales.

Discover the icy Antarctic and 

the balmy Pacific. Exp I or� a 

wealth of wildlife in countries

you've only dreamed of vi�iting.

New Zealand's world-beating 

film-makers have captured the

spirit of the wild in a series of
award-winning videos now on
sale to the public. 
For information, telephone
(64) 3 479 9868, or fa�
(64) 3 479 9917, or wnte_to:
Wild South Enterprises

Natural History Ltd 

Box 474, Dunedin 

New Zealand 

N 
(1) 

<O 
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I I WANT TO INVEST WITH CONFIDENCE 

AUSTRALIAN 

ethical 
Agribusiness or 
reafforestation . 

Mining or recycling. 
Exploitation or 
sustainability. 

Greenhouse gases or 
solar energy. 
Armaments or 

community ente,rprise. 

TRUSTS 
Investors 
can choose 
Through the AE Trusts you 
can invest your savings 
and superannuation in 
over 70 different 
enterprises, each expertly 
selected for its unique 
combination of earnings, 
environmental 
sustainability and social 
rnsponsibility, and earn a 
competitive financial 
Jeturn. For full details 
make a free call to 

1800 021 227 
Investments in the Australian Ethical Trusts can only be
made through the current prospectus registered 111ith tbe
Australian Securities Co111mission and avai/ablefro111: 
AUSTRALIAN ETHICAL INVESTMENT LTD
Canberra Business Ce111re Bradfield St, Downer ACT 2602. 

• 
NORTH WEST 

SAFARIS 

1999 

OUR 4WD EXPEDITIONS 

LET YOU EXPERIENCE.. ... 

Kimberle4, Mitchell Plateau, and 
Purnululu 10 April-7 Ma4 $3000 

Great Sand4 Desert 

22 Ma4 -18 June $3000 
• 

Rudall River & Karijini National 

Parks 3 Jul4-30 Jul4 $3000 

• 

Little Sand4 Desert 

14 Aug-3 sept $2300 
• 

Gibson Desert 

11 Sept-26Sept $1900 
• 

Great Viet oria Desert 

9 Oct-29 Oct $2300 

.... WITH THE PERSONAL TOUCH OF A 

SMALL FRIENDLY TOURING GROUP 

All ex Alice Springs 

WRITE TO 

NORTH WEST SAFARIS 

P.O. BOX 211, EAST KEW, VIC 3102 

Phone (03) 9859 6655 Melbourne 

(08) 8280 7149 Adelaide 

015631942 Mobile 

Visit World Heritage 
LORD HOWE ISLAND 

Staying at Somerset you are

centrally located to all facilities and a

short walk to the lagoon, snorkelling,

seabird colonies, rainforest and

walking tracks to scenic lookouts and

remote rocky coves. Somersets 25

self catering units, suit independent

travellers and groups (tour leader Ian

Hutton available by arrangement).

For information, brochure & best

deals Phone (02) 65 63-2061

Fax (02) 65 63-21 I 0

email: somerset.lhi@bigpond.com

Somerset Holiday Accommodation,

Ned Beach Road,

Lord Howe Island 2898 Australia

Readers please mention Nature Australia when replying to advertisements 

EDUCATIONAL 
TOURS 

with expert naturalists 
� 

Wildflowers of western Australia 
North: 14 - 20 September 

Southwest: 23 Sept - 1 Oct 

Victoria's Little Desert 
4 - 10 October 

Flinders Island, Bass Strait 
Late November 

Macquarie Island and the 
Sub-Antarctic Islands of N.z. 

22 Nov- 9 Dec 

Antarctica - the Peninsula 
23 Nov - 13 Dec 

Antarctica - Ross sea region 
6 Jan - 3 Feb 1999 

Scottish Highlands & Islands 
Tentatively June 1999 

Easter Island, the Galapagos Islands 
and Ecuadorian rainforest 

Tentatively July 1999 

� 

For details contact Bronwen 

Phone ro�J 9670 6988 

Fax ro�J 9670 6185 

• 
BRONZ DISCOVERY TOURS 

2ND FLOOR, 118 QUEEN ST 
MELBOURNE VIC. 3000 
Travel agent licence no. 32134 
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Pied Rat Catcher Q. t recently witnessed a
• Pied Currawong (Strep

era graculina) attack and carry 
away a fully grown rat in its beak 
like a Kookaburra, at least I think 
it was a rat as it was much larg
er than a mouse. Is this an 
unusual thing for a Pied 
Currawong to eat? 

-Russel l Smith

Clareville, NSW

A
. Pied Currawongs are
• omnivorous and op

portunistic feeders, eating 
young birds, carrion, inverte
brates, small vertebrates and 
fruit. It i entirely possible, 
although not common, that a 
Pied Currawong would 
attack and kill something as 
large and potentially feisty as 
a rat. The e birds are 'bullies' 

Never underestimate a Pied 

Curra wong. 
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and usually prefer to go for 
things lhal are unable to fight 
back. 

-Kate Lowe

Australian Museum 

Beach 
Toothpaste? Q . On a beach at Bribie 

• Island, Queensland, I
found a tangle of what looked like 
grey toothpaste about the thick
ness of a pencil on the wet sand. 
Could it be some kind of worm 
casting? 

-P. Cameron 

Gladesville, NSW 

A
. From your photo
• graph and description 

it would appear to be the 
tube-like excreta from a 
holothurian or sea cumber. 
They are worm-like or 
sausage-shaped creatures 
with a mouth at one end sur
rounded by tentacles. This 
connect to a sb·aight food 
canal with an anal aperture at 
the other end. Holothurians 
are related to sea-stars, 
although they do not look 
anything like them. They are 
abundant in tropical waters 
where certain species are 
edible and are known as 
Beche-de-mer or trepang. 

-Kate Lowe

Australian Museum 

Spider Tactics Q . Why do spiders sit 
• upside down in their

Who or what produced this? 

webs? 
-Susannah Lang

Cooma, NSW

A
. It's all to do with
• catching prey. Spi

ders that are positioned head 
clown can catch their prey 
more quickly by moving 
clown the web than up the 
web. This may help explain 
why the central part of the 
web, the o-callecl hub where 
the spicier sits and waits, is 
found slightly higher than 

the actual centre of the web ) 
(to increa e the chance that 
prey blunder into the area of 
web below the hub). It also 
probably explains why, when 
spider live in a retreat just 
off the web, the retreat is 
located at the top of the web, 
rather than at the bottom. 

-Mark A. Elgar 

University of Melbourne 

Waspish Ways 

Q . When I was playing a 
• round of golf last week I

I 998 
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happened to see a bird drop a
' spider from its beak. Almost

immediately a very large black
and-orange wasp grabbed the 
spider and flew away. Strangely, 
the bird did not pursue its prey. 
What kind of wasp was it and why 
didn't the bird try to get its meal 
back? 

-Barrie Walsh

Coogee, NSW

A . The wasp you saw
• was most probably a 

spider wasp (family Pompili
dae). The e are large (up to 
35 millimetre long), solitary' 
wasps that prey on spiders or 
parasitise other pider wasps 
to feed their larvae. Female 
spider wasps prepare nest 
chambers for their larvae by 
digging a burrow with the 
long spines on their front 
legs. They then earch rapid
ly around tree trunks and on
the ground for a spider. The

p C 

Do you recognise this? If you
think you know what it is,
then send your answer to Pie
Teaser, Nature Australia 
Magazine. Please don't forget
to include your name and
address. The first correct
entry will win a Foldable
Magnifier from the Australian
Museum Shop. Winter's Pie
Teaser was an antplant
(Myrmecodia sp.) cut to show
the ants and chambers
within. 
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wasp stings the spider in 
order to paralyse it, and takes 
it back to her burrow. There 
she lays an egg on the spi
der's body and seals it in a 
chamber or cell at the end of 
the burrow. The larva hatch
es and feeds on the body of 
the spicier before pupating in 
a thin silky cocoon in the cell. 

Although the females can 
sting with their ovipositor 
(egg-laying organ), they do 
not form colonies to defend 
nest and are not aggressive. 
Stings from these wasps are 
uncommon and should be 
treated like bee stings. 

Birds mu t weigh up the 
amount of energy expended 
and possible hazards encoun
tered in getting food. Be
cause spiders are easy to find 
and the warning colours of 
the wa p would signal dan
ger, the bird probably 
thought better of trying to 

T E A 

A spider wasp (Cryptochei/us sp.) 
with its victim. 

reb·ieve its prey. 
-Kate Lowe

Australian Museum 

Answers to Quiz in 
Nature Strips (page 16) 

1. Blue and orange

2. Clockwise

3. A flying or gliding

membrane of skin

4. A comet (Comet

Hale-Bopp)

5. Female

6. Fish

7. Kyoto, Japan

8. The millennium bug

9. 100,000

10. South Australia

s E R 



T H E  L A S T  W O R D

It's rather lille worrying about exceeding your dutyfree allowance 
while sitting in an aircraft with engine failure. 

CONSERVATION 

MYTHS 

BY MARK A ELGAR 

pOPULA110 GSNETICI 1' 

were quick to recognise how their sub
ject might contribute to conservation 
biology. A key concept of theirs is that 
small populations generally have less 
genetic variation than large populations, 
and it is held that populations with little 
genetic variation are vulnerable in the 
long term because they are less able to 
respond adaptively to environmental 
changes. Typically, threatened or endan
gered species comprise small, isolated 
populations, and so population geneti
cists were well placed to argue the 
importance of their subject in 'saving' 
species, and thus a share of conserva
tion research funding. But how good are 
their claims? The emerging evidence is 
equivocal. 

Levels of genetic variation have been 
measured for many vulnerable and 
endangered species, but the data are dif
ficult to interpret because of inadequate 
replication and an absence of a bench
mark for comparison. For example, an 
endangered species may have little 
genetic variation, but this may be a char
acteristic of the taxon irrespective of its 
con ervation status. And we simply can
not tell whether the low variation is 
resp�ms!ble for, or a consequence of, the 
decline 111 population size. 

More significantly, there are few, if 
any, ?ata demonstrating an unambiguous hnk between genetic variation and the via?ilily _of natural populations. Supp?rtmg evidence is mostly circumstantial or . anecdotal. Indeed, several recen� studies suggest that the case for genetic concerns has been over tated. 

. The Cheetah (Acinonyx jubatus) pro"" v1des a salutary case story. The survival � prospects of this magnificent species are � poor beca':' e f�w breeding individuals 
� are r�cru1led mto wild populations. 
� Genetic factors were originally thought"' t� be the problem; cub mortality was� high and male fertility low, both of
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which were atb·ibuted to the apparently 
non-existent genetic variation. However, 
field work by Tim Caro and Karen 
Laurenson (University of California at 
Davis) has now shown that most 
Cheetah cubs are killed and eaten by 
Lions and Spotted Hyenas; genetic fac
tors are presumably irrelevant. 
Ironically, the low levels of genetic vari
ation in Cheetahs are probably the 
result of a population crash some 10,000 
years ago; an impressive record of sur
vivorship in the face of low genetic vari
ation! 

The enigmatic Cheetah. 

Similar stories are emerging for other 
species. The Barrow Island population 
of Black-footed Rock-wallabies 
(Petrogale lateralis; see Nature Aust 
Winter 1998) has persi ted for thou� 
sands of years, despite comparatively lit
tle genetic variation. Number of 
North�rn �lephanl Seals (Mirounga
angustirostns) have increased substan
tially following cessation of hunting, 
even though they too have minimal 
gene�ic va:iation_. And, most recently, 
lh� lmy, highly mbred and genetically 
uniform population of eychelles 
:"7"arblers (Acrocephalus sechellensis) has 
increased following introductions lo 

adjoining islands. It seems that the co 
servation of these species, in the sho�i
and prob�bly long term,_ depends moreon ecological than genetic factors. 

These emerging data must cast sorn , 
doubt over the. r�levance . of concern: 
about a species genetic diversity 1 

Essentially, the question is whethe� 
management programs for endangered specie� are best administered over the ecological short term or evolutionary 
long term. The threats to most endan- 1 

ger�d species are usu�lly contracting 
habitat, mtroduced species, human pre- > 
dation and disturbance, and so on. An 
endangered species' potential inability 
to cope with a changing environment 
over the long term is probably academ
ic; it's rather like worrying about '
exceeding your duty-free allowance 
while sitting in an aircraft with engine 
failure. 

The small pool of money available for 
research in conservation biology raises 
the issue of funding priorities. 
Conservation biology aims to provide 
rigorous data upon which we can make 
sensible management decisions about ' 
preserving habitat and specie . 
Population genetics has practical u e ; 
for example, it can provide estimates of 
the size of populations that are other
wise difficult to count. But can data on 
genetic variation really assist manage
ment action plans? What difference does 
it make if all populations of an endan-
gered species have little genetic varia
tion? Knowledge of the threats to the 
survival and recruitment of breeding 
individuals may be of more practical use. ' 
Contemporary techniques in genetic 
research are al o hideously expensive; 
can we afford the luxury of obtaining , 
these data on single species if they are of 
marginal practical relevance? 

This underlying issue of relevance !s
neither trivial nor exclusive to genetic 
studies; a disturbing proportion of '_eco
logical' research in conservation bi?lo
gy, together with the currently fas�10n
able 'biodiversity' industry, is of dub10us 
management value. Resolving conserva
tion is ues is vital· but research effort 
might better serve'conservation goal if 
the focus were on current management 
problems rather than academic futures. I 

Further Reading 

Caro, TM. & Laurenson, M.K., 1994. Ecological and 
genetic factors in conservation: a cautionary tale. 
Science 263: 485-486. 

Komdeur, J., Kappe, A. & van de Zande, L, in pre�d ·· 
Influence of population on genetic vanatron a 
demography in Sechelles warblers: a field experiment. '
Anim. Conserv. 

Dr Mark A. Elgar is a Senior Lecturer �I 

the University of Melbourne. His research 15 

in evolutionary and behavioural ecology.

The Last Word is an opinion piece 
and does not necessarily reflect the views 

of the Australian Museum. 
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box holds twelve issues of 
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Every month we receive orders 

for our popular Nature Australia 

posters. 

We print a few extra posters 

just for this reason. 

(A rare 
Species.) 

These posters are available flat, 

without folds, and mailed to you 

in a rigid mailing tube. 

If you've had a favourite 

poster and wish to replace it 

or several you should have 

ordered and didn't, you can 

order them now. 

See the back of your address 

sheet for the list of available 

posters and how to order them. 
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