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Pivot on friction-
free sapphire
Jjewelled bearing

ks

grip

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 +50C. 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
ou can buy.
Choose from many different SILVA models at
petter camping stores throughout Australia,
pbut beware of cheaper, look-alike imitations.
Look for this display
in all good camping
stores 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.

Non-radioactive
luminous readout

Anti-static, liquid
filled capsule

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 ponts
north on map
North-South lines
should be parallel
with magnetic
North grid iines on
the map

3 Hold compass
horizontally in front
of you and rotate

‘ your body until red
point of needle Is
over red part of
North arrow Look
up, pick up a land
mark and walk
toward it

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

Finding your way in the i
bush with SILVA i

Map and compass use opens up the real
enjoyment and many rewards of finding
your way in the bush with full
confidence.

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, it will
enable you to get back to your home
base, as well as find that special spot
again next time.

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 is acquired. Any
time that you feel 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 in 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
after sales and spare
parts service base.
There Is no other
compas that is
more accurate
than SILVA.

Insist on i
quality

ask for a

SILVA f

Compass!
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Blind diggers in the desert

The capture of a single live marsupial
mole provided scientists with a rare
opportunity to study these little-known
burrowing desert-dwellers.

BY GRAHAM THOMPSON, PHILIP
WITHERS & ROGER SEYMOUR

26

Raising rosellas

Crimson Rosellas may seem like
quarrelsome extroverts, but a study of life
nside the nest paints a very difterent
picture.

BY ELSIE KREBS

32

Consuming passions

The nests of mud-dauber wasps look like
umpenetrable fortresses, but they are open
to sabotage by a surprising number of
enenies.

BY JANICE & BOB MATTHEWS

42

Changing sex

Certain coral-reef fishes are masters at
changing sex. Males become females,
females become males, and recent work
has shown that some can even change
back again.

BY PHILIP L. MUNDAY

90
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What do you do when you want to learn

about the body temperatures of extinct
dinosaurs? Feed a large Saltwater
Crocodile a stufted chicken. Sound
strange? Well read on...

BY FRANK SEEBACHER

60

REGULAR FEATURES

BACKYARD NATURALIST
The happy hooker?

Grey Butcherbirds may have a beautitul
call, but with it comes cool killing
ethciency guaranteed to reduce the
number of small birds in your yard.

BY STEVE VAN DY CK

18

RARE & ENDANGERED

Peach Myrtle

Less than 1,000 Peach Myrtles exist in
the wild. But is this species on the way
out, or just naturally rare?

BY NICK WILSON

20

WILD THINGS

City of frogs

Why is Brisbane overflowing with frogs?
BY TIM LOW

22

PHOTOART

Caught in the ACT

Life 1 the Australian Capital Territory
never seemed so interesting.

BY MICHAEL MACONACHIE

10

TIHE LAST WORD

Putting the move on nature
Relocating animals and plants is a
common conservation practice. But
could it be destroying what it sets out
to save?

BY ALLEN E. GREER

84
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Although Crimson
Rosellas happily feed

m yards and gardens,

' their fate, like that of
nmany other parrots,
ultimately rests in having
access to sufficient
breeding hollows. Photo
by Kathie Atkinson.

NATURE AUSTRALIA SUMMER 2000-2001

‘ arsupial moles really are the most amazing-looking animals. Whenever
were sent photos of them, everyone in the office is always fascinated by their
strange appearance. Add to this their preference for living underground in our
hot sandy deserts and the fact that they get about by ‘swimming’ through the
sand, and you have some incredible little Australian marsupials. Unfortunately,
marsupial moles are nowhere near as well known as many of our other
marsupials; in fact, I doubt whether many
Australians would even know that they
exist at all. In the hope of increasing their
profile, our article on page 26 tells of what
happened after the rare capture of a live
marsupial mole in Western Australia. This
single individual provided scientists with
the opportunity to better understand their
physiology. And [ guarantee you'll be
fascinated by the photos. We certainly
were.

One thing you cannot say about rosellas
1s that they are little known. These parrots
are large, colourful and so successful they

can be found just about everywhere in
A rare opportunity: a marsupial mole

Australia. And of the rosellas, Crimson * op
in captivity.

Rosellas have got to be one of our
favourites. With their spectacular bright red and blue plumage they are
certainly hard to miss. Surprisingly, these beautiful birds do have something in
common with marsupial moles, and that is there is relatively little known
about their habits. In order to correct this, Elsie Krebs, fascinated by these
beautiful birds, set out to study their breeding behaviour. What she discovered
1s that Crimson Rosellas like to do things a bit differently when it comes to
raising their young.

Compared to the care and attention Crimson Rosellas give their young,
mud-dauber wasps seem to be towards the other end of the parenting
spectrum. The female wasp builds a nest, lays her egg, stuffs in some tood, and
seals the whole thing up nice and tight. She then ftlies off, safe in the
knowledge that she has provided a secure haven for her young. Unfortunately,
this can be far from the truth and there is a wide cast of players waiting in the
wings to pillage and plunder that ‘safe’ little larva and its tood supply.

Just how do you study the body temperature of dinosaurs when they have
been extinct for millions of years? The answer came to Frank Seebacher after
he had spent quite a few seasons out in the bush measuring the body
temperatures of both Freshwater and Saltwater Crocodiles. His article,
“Crocodiles as Dinosaurs”, 15 fascinating reading and draws some very
interesting conclusions on what life might have been like as a dinosaur.

We also take a close look at the sex-changing habits of coral-reef fishes,
weigh up the pros and cons of having butcherbirds in your backyard, and

explore the reasons why Brisbane has become a city of frogs.

—JENNIFER SAUNDERS
3
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Which Century?

“For our first issue of the
21st century...”  (Nature
Aust.  Autumn  2000). |
know the time has passed,
and who needed an excuse
for a celebration anyway?
And, besides, why should
facts get in the way of a
good story? But allow me to
express my disappointment

that the Editor of a
prestigious  scientific mag-
azine should bow to

popularisation and refer to
the Autumn 2000 issue in
the above manner. At least
you have not gone to the
extent of glorifying it as the

first issue of the new
millennium!
Mathematics is an exact

science, and we could prove
the above statement to be in

error by simply counting the
years since the time we
generally accept as being the
birth  of Christ.  But
journalists and the poor old
Joe Publics have neither the
time nor the inclination to
do that, hence the
enormous hoo-ha at the end
of last year with the so-
called start of the new
millennium.

Allow me to gwve two
simple examples that
demonstrate quite  clearly
that we are still in the last
year of the present decade,
century and millennium.

First, assume we had an
interest-free  and  fee-free
loan of $2,000 from a bank.
That bank would want its
entire $2,000 back before
discharging

the loan. It

would not settle with
$1,999, but would insist the
2,000th dollar was safely in
its cofters, would it not? Call
the dollar notes years and it
is clear that it is not the end

of the last decade, century

or millennium until this
2,000th year is over.

Second, count your
fingers! Barring an un-

fortunate accident or genetic
abnormality, there will be
ten. The first one is ‘number
and the tenth one is
call

one’

‘number ten’. Again,
them years. It is the tenth
year that ends the decade.
Extrapolate to 100 and
1,000. It is the 100th year
that ends the century and
the 1,000th year that ends
the millennium. The year

2000

ends the second

millennium and 201 starts
the third.

So, we do not enter the
21st century, nor even the
next decade, let alone the
3rd  millennium
January 2001,
2000  1issue of
Nature Australia is not the

until |

Hence the
Autumn

first issue of the 21st century,
merely one of the last of the
20th century.
—ALAN MOSKwa
KENSINGTON PARK, SA

Possum Predators

In Tamra Chapman’s article
on Kangaroo Island Glossy
Black-Cockatoos (Nature
Aust. Summer 1999-2(X)X)),
allusion  was  made to
predation by the Common
Brushtail Possum. Evidence
is cited of hairs matching the
possum’s being found on
destroyed nestlings and eggs.
One usually interprets the
word ‘predator’ as applying
to an animal that kills and
eats its prey. s it indeed
possible that the DBrushtail
actually eats nestlings, or is
the term to be understood
in a looser manner? Both my
zoological

athrm

biological and
dictionaries clearly
the process of eating as part
of the food chain.
—ANNE DROVER
WOLLSTONECRAFT, NSW

Lynn  Pedler collected  possith
hairs not only from the broke
cog  shells of Glossy Black-
Cockatoos but _from the chewed

feathers of chicks that had bect

Do Common Brushtail Possums
eat Glossy Black-Cockatoo eggs
and chicks?

NATURE AUSTRALIA SUMMER 2000-2001
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healthy and growing rapidly a
few days carlier! (See Garnett
et al. 1999, Emu 99:
262-279.) We never saw them
make the kill but the evidence
that they kill and at least
partially cat the chicks is pretty
over-iwhelming. 1 beliecve Com-
Brushtail  Possums
also been  filmed on

1on have

several

accasions robbing Kokako nests
in New Zealand.

—STEPHEN GARNETT

Qb PARKS & WILDLIFE

SERVICE

CAIRNS, QLD

In Defence of Reality
I was disappointed,
reading Letters published in
the Winter 2000
Nature  Australia, to

upon

issue  of
think
that in this enlightened age
there are still people who
think they have a right to
enforce their point of view
by denigrating and denying

If we want our future

generations to experience
the joy of seeing a joey
peering out of its pouch, we
are going to have to justify
that our marsupial neigh-
bours have as much right to
Cattle,
Sheep, Pigs and poultry. It is
perhaps unfortunate that
pressure  on and

coexist with us as

land
resources in the future will

require  that only those
species that can be exploited
by mankind  will  be
guaranteed  survival,  but
that’s reality.

If  Mallee Fowl were
domesticated for the
production -of their eggs,

kangaroos farmed for their
meat and hides, and Bilbies
kept as companion animals,
like our crocodiles, Emus
and Budgerigars, they would
be as commonplace as farm
animals, Cats, and

Dogs
guinea pigs and be in no

| others their right to express
| theirs. danger of extinction.
| I interpreted Steve Van —PETER EDWARDS
\ Dyck’s recent article, re- LANGWARRIN, VIC.
| ferring in part to the human
consumption of kangaroo ~ Native Matters
A meat (Nature Aust. Spring 1 read with interest the
1999), as an effort to high- article by Tim Low on
| light the plight of our cryptogenic species (Nature
] diminishing native fauna  Aust. Summer 1999-2000).
(and flora) by promoting the  While he exhorts scientists
fact that many of our unique and naturalists to practise
d species are worthy of pre- more care in assuming the
serving, not only because indigenous credentials or
they are endangered but lack thereof for some
- because they are of potential —species, we are left wonder-
value in ensuring the sur- ing what exactly defines a
! vival of our own species in a  native species. How long
continent that is so unfor- does a species have to have
giving of our modern ways.  been in Australia before it
] With population pressures may be considered a dinkum
encroaching upon the Aussie? According to Envir-
| natural domains of endemic  onment Australia, a species
» species  worldwide, it is 15 considered native if it
, inevitable that the only cannot be proved that it was
species that will continue to  introduced after the arrival
K survive in the presence of of the First Fleet.
humankind  will be those The second 1ssue 1s
that we find valuable enough ~ whether or not it matters if
to share our living space we assume a species 15 native
with. when it 1s not, and if it does
NATURE AUSTRALIA SUMMER 2000-2001
.

matter, why? Tim emphat-
ically says it does matter, but
doesn’t adequately explain
why. To me the mmportant
point 1s not whether a
species Australia
before or after a particular
point in time, but rather
what it is doing now it 1s
here. There are
examples  of

exotic species that quietly

was In

numerous
Innocuous

eke out an existence without
greater
than the momentary ascetic

creating concerns
consternation over whether
a plant in a sand-dune is a
pretty wildflower or an ugly
weed. On the other hand,
there are many examples of
dinkum Aussie native species
that
moved to parts of Australia

run rampant when
from which they did not
originate. Examples such as
Koalas on Kangaroo Island,
Violet (Viola

hederacea) in my garden and,

Ivyleaf

if I am not mistaken,
Laughing Kookaburras 1n
Western

the point that being native

Australia, illustrate

does not mean being in
balance. To paraphrase the
noted cartoonist Gary
Larson, it 1s all too easy to
vilify  some  species and
romanticise others when you
do not appreciate the
interactions.
—PauL DE BARRO
CSIRO ENTOMOLOGY

INDOOROOPILLY, QLD

Nature Australia requests letters
be limited to 250 words and typed if
possible. Please supply a daytime
telephone number and type or print
your name and address clearly on
the letter. The hest letter in this
issue will recelve a copy of Green
power: the environment movement
In Australia. The winner this Issue
is Paul De Barro.
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The Case of the Shrinking
Iguanas

ood shortages wrought by

El Nino regularly devas-
tate the famous Marine lgua-
nas (Amblyrhynchus cristatus)
of the Galapagos Islands.
These prehistoric-looking
lizards normally graze on
nutritious green and red
algae, which is replaced by
tough, inedible brown algae
at such times. Up to 90 per
cent of the population can
perish during particularly
severe events. However,
while monitoring the latest
cycles, Martin  Wikelski
(University of Illinois at
Urbana-Champaign)
Corinna Thom (University
of Wiirzburg) noticed that

and

the iguana population shrank
in another way. The lizards
not only became fewer, they
became shorter, with some

shrinking in length by as
much as a fifth. And what’s
more, when food was
restored in subsequent non-
El Nino years, the lizards
rapidly expanded again.
Individuals that shrank the
most tended to best survive
the food shortages, presum-
ably because small grazers
are generally more etficient
foragers and require less food
than larger grazers. Exactly

how they accomplish their

incredible  shrinking  act,
however, remains baffling.
Humans usually lose a

centimetre or two as they
but
entirely by compression of
the elastic tissue separating
the

age, this 1s caused

individual  vertebrae.
Such tissue only accounts for
ten per cent of the length of
an iguana; to shrink by 20

per cent, the lizard’s bones

NATURE AUSTRALIA SUMMER
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that, during fam; otieed
lizards spend ve;”llf]eS, L
_ y little time
moving and foraging ang
suggle)s't ‘this idleness, n

combination wj

stress, causes v:llltil lt:)e 5
nes tg

become partly resorbed
Large pythons ang sOme
long-distance migrating
birds have a related ability—
during prolonged periods of
starvation, large proportions
of the gut are resorbed, but
are  quickly  regenerated
when food is eaten. The case
of the shrinking iguanas,
however, is special because it
1s not just ‘soft’ tissue that i
shrunk (as happens to al
animals during famines), but

‘hard’ bony tissue as well.
—ML

Marine lguanas shrink in length
when food is scarce.

|
2000-20"




Vulture Cosmetics
osmetics is a time-hon-
c oured industry, made
most famous by the Egyp-
tians thousands of years ago.
But the Old World Bearded
Vultures (Gypaetus  barbatus)
were to it long before it
became vogue in humans.
Bearded Vultures have a
rich orange colour on their
underparts, neck and head.
Once thought to come from
carotenoid pigments (until 1t
became clear there were
little, it any, such pigments
in their bone-only diet), we
now know that it comes
trom the birds deliberately
bathing themselves in red
soil stained by iron oxides.
Captive birds without access
to red soils remain white,
but as they are
presented with suitable soil,
they rub their bellies in it.
They then use their beak

and talons to spread the soil

soon  as

to their upper back and
shoulders, and swing their
head back and forth until it
the

too acquires

colour. Bearded Vultures are

very
soil-bathing

orange

secretive about their

activities. In-

deed, few incidences have
been observed in the wild,
and captive birds quickly
disturbed.  The

mnate

stop 1f
behaviour 1s
(unlike the human use of
young captive

also

colour), as

birds reared 1n isolation
respond the same way when
offered red soils.

them-

Humans decorate

selves  with colour for a
number of reasons—to in-
crease sexual attractiveness,
threaten enemies,
the skin, or to act as
camoutflage. So
Bearded Vultures do it?
Camoutflage

unlikely in a bird with no

protect
why do
seens

natural predators; besides, if

NATURE AUSTRALIA SUMMER 2000-2001
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anything, the red colour
would make the birds more
conspicuous. Protecting the
feathers from wear or
parasites also seems unlikely,
as white feathers aren’t any
than

studies on

more worn stained

feathers; and
chewing-lice show they are
lictle affected by iron oxides.

Juan  Negro  (Spanish
Council for Research) and
colleagues believe the red-
stamned plumage is a signal
used by the birds to convey
status  to rivals or mates.
During fights over food, for
example, the neck feathers
are erected and the
swung to and fro, providing
plenty of opportunity to
show oft the colour. But to
be an honest signal of status,
it must come at a cost, and
Negro et al. believe this to
be the tme distance

spent searching for limited

head

and

bathing sites. If a bird can

Why do Bearded Vultures paint
themselves with red soil?

suss out good bathing sites,
it must be fit, and have good
searching  skills
thorough knowledge of its
local surroundings (includ-
mng  the
unpredictable food resour-
ces). It would thus pay to

and a

give in to such individuals
during fights, or to choose

them as mates.
—G.H.

Good Things Come in Tall
Packages

t’s otticial. Women do pre-

ter taller men.

A team of scientists led by
Boguslaw Pawlowski (Uni-
versity of Wroclaw, Poland)
analysed the medical and
tamily-history
4,419  healthy
aged between 25 and 60.
The data were controlled for

Polish men

location of

records of

-
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variables that are known to
affect such  as
educational achievement and
(taller
better
educated, and city-dwellers
are generally taller than rural
men), leaving them with a
sample size of 3,201 men.
The researchers found that,

height,
residential — address

men tend to be

overall, men with children
re significantly taller than
ieir childless counterparts.
oreover, bachelors were
than
arried men, indicating that

seek

mificantly  shorter

omen actively out
ller men.

Taller men were found to
reproductively  more
ccessful than shorter men
all age categories except
those in their 50s. This
oup, born during the
30s, became eligible for
arriage  just after  World
ar 2, at a time when the
pulation’s sex ratio  was
wed in favour of women.
iis shortage of men would

have forced women to be
less choosy about height.
ratio

However, as the sex

became  more  balanced,
women once again were free
to pick as they pleased,
choosing men  they could
literally look up to.

—D-L.Q.

Sexual Fraternities

he males of many bird
Tspecies come together in
large groups known as leks to
strut their stuft in the hopes
of attracting females. Gener-
ally, the bigger the group, the
more females are attracted,
and yet usually only one or
two of the males end up with
all the matngs. Why, you
might wonder, do the other
males  bother  hanging
around?

According to two recent
studies Black  Grouse
(Tetrao tetrix) in Finland and
Peacocks (Pavo cristatus) 1n
United
brotherly

on

the Kingdom,

love plays an

lek
displaying

important  part
By

with relatives, males that are

formation.

overlooked by females sull
gain indirectly by boosting
the success of their family
members. The benefits of
related

dominant male attract more

helping a  closely

females seem to outweigh
the subordinate males’ own

meagre  mating  opport-
unities.

Sexual fraternities were
identified  among  Black

Grouse by Jacob Hoglund

(University  of

Uppsala,
Sweden) and  colleagues,
who found related males lek
together when they return
to their place of birth in
winter. DNA tingerprinting
confirmed these family ties.
However, in the Peacock
study by
(Untversity
UK)

association

Marion  Petrie
Newecastle,

co-workers,

of
the
and kin
was even more fascinating.
Many of the Peacocks had

and
of sex

When it comes to forming mating
groups, Peacocks like to keep it in
the family.

been hatched artificially and

raised among non-relatives
before being returned to the
study area. Yet several years
later when the birds reached
sexual lek
were still established between

males.

maturity, sites

genetically  related
This implies that brothers
were able to identfy each
other through some type of
phenotypic matching, such as
similar  calls, plumage or
odour. The ability of birds to
recognise one another, even
when they hadn’t been raised
together, sheds a new light
on avian social interactions.

—K.H.

Groovy Boomerangs
boriginal ~ boomerangs
have been thrown around

tfor at least 10,000 years, and

constitute a quintessential

Australian ~ 1con.  Many
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Carved grooves on an Aboriginal
throwing stick and boomerang—not
just for decoration.

boomerangs, and also the
near-cylindrical  throwing
sticks,
grooves or flutes carved into

have longitudinal
them. The grooves are about
five millimetres wide by 0.2
millimetres deep, and occur
only on the upper, more
highly curved surface of
boomerangs but all the way
round the circumference of
throwing sticks. Previously
these grooves were thought
to be purely decorative or of
ceremonial significance. But
new research by civil engin-
eer Ray Nelson (University
of New South Wales) has
shown they are more than
just decoration—they en-
hance tlight performance.

aluminium

Nelson made

models of a fluted and non-

fluted  boomerang  and
throwing stick (based on real
fluted specimens), and
carried  out  wind-tunnel

tests to compare the lift and
drag forces exerted on them.

He  found that  the

the roughened surtace and

does not separate trom it

until near the trailing edge
(compared with the smooth

model where it forms
tarther back from the
leading edge and separates
from the surface much
earlier).  This creates a
narrower wake behind the
boomerang, enhances lift

and prolongs flight. Nelson

likens this to the way
stitching on a well-bowled
cricket ball generates lift.

In contrast with boomer-

operating on these near-
cylindrical objects is drag, or
air resistance. Prag can be
reduced by higher velocities,
but we cannot throw sticks
at such speeds. The grooves
(like the dimples on a golf
ball) do the job—Dby creating
a turbulent boundary layer
of air that wraps nearly all
the way round to the back
of  the  object,  thus
enhancing forward motion.
Whether Aborigines made
a conscious decision to carve

flutes into their throwing

decorating the tools with
One
certain: without the flutes,

grooves. thing is
some boomerangs would not
have been able to fly.

—R.E

Penguins’ Faith in Leaps
delie Penguins (Pygoscelis
n adeliae) go on food-forag-
ing trips that may last a full
day. It’s an enormous effort
for the birds, which weigh
only 4.5 kilograms yet bring
home half a kilogram of fish.
(That’s equivalent to a person
eating two whole Christmas

boomerang flutes cause a angs, with their asym- implements for aerodynamic
turbulent boundary layer of metrical, lens-like cross-  purposes 15 unknown. turkeys!) The trip can also be
air to start right at the  section, no lift force acts on  Perhaps fluting as an aero- fraught with danger from
leading edge. This turbulent  the throwing sticks. The dynamic aid was serendip- predators such as seals and
boundary layer adheres to only aerodynamic force itously discovered after first —whales. Researchers have
Sharing Freycinet is an expenence you'll You will need more than just one night to immerse yourself in .
never forget. Situated inside Freycinet the beauty of Tasmania’s most stunning coastal wildemess area. AZ?rZss
National Park, just a walk away from famous More time to share our range of highly acclamed natural _
Wineglass Bay, Freycinet Lodge is a relaxing, activities. More time to share the Lodge’s quiet comforts =5
multi-award winning haven within an area ey at the end of a fulfiling day. Your travel agent knows : ;
Ey— - Freycinet Lodge 4l about Freycinet Lodge. Ask about us today. Send this coupon to: Freycinet Lodge
SUhER v reYcheTl o longelgRass cotEEle oY PO Box 225 Kings Meadows 7249 TASMANIA.
Phone (03) 6257 0101 Fax (03) 6257 0278 4%
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What's the purpose of porpoising in
Adelie Penguins?

speculated how one particu-
porpoising
(where birds leap briefly out

lar behaviour,

of the water while swim-
ming), might help penguins
survive the big trip.

Ken Yoda (Kyoto Univer-
sity) and colleagues decided
to test one theory about
porpoising—that it saves on
energy. Air has far less drag

than water, so if penguins
leap in the air while they are
swimming, they should use
less energy and still maintain

speed.

By gluing small devices to
the penguins’ backs that
measured depth and

acceleration, the researchers
found that the average time
penguins  spent porpoising
was less than four per cent of
each trip. While penguins
would energy by

save

leaping, they were not
doing it often enough to
make a significant differ-
ence.

So why leap? Yoda and
colleagues calculated that
the length of the leap out of
water 1s just long enough
for

penguins to grab a

breath  of air  without
slowing down. They also
noted that penguins usually
porpoised at the beginning

and end of their trips, near

the colony...where Leoparg
Seals and Killer Whales like
to hang around in the hope
of  grabbing 2 mea],
Porpoising then may be the
penguin’s way of making ,
quick, safe getaway
return to home base.

and

=\

Bahy Bird Begging
M ost vertebrate offspring

that depend on their

parents for survival have
evolved signals to indicate
when theyre in need of a
meal. Baby birds, however,
have taken the art of begging
for food to its screeching
zenith. Nestlings of many
bird species jostle vigorously
against each other and
plead—with necks stretched
and mouths agape—loudly
and strongly. The advantages
are obvious. But such con-
spicuous behaviour must also
run the risk of revealing nest
locations to potential preda-
tors.

Perhaps, speculated James

Briskie (University  of

Dusky Woodswallow chi
chic 3
ks (Artamus cyanopterus) beg for their supper. How much noise they make depends on the level of predation.

10

%
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Oxford) and  colleagues,
some species have evolved
begging calls with certain
acoustic qualities that reduce
the risk of predation.
Working in a pine forest in
Arizona,

first

the
established
oeneral predation risks for

central
researchers

nests in the area. They did
this by measuring predation
24
different bird species. They

levels on nests for
found some species lost all
but a few eggs to predators,

some lost almost none, while

others fell somewhere 1n
between.
Briskie and  colleagues

then recorded the calls made
by the begging chicks and,
using

COI]lplltCI‘ ﬂll;l]YS(:‘S,

determined the frequency
(pitch), amplitude (loudness)
and frequency range tor each
species.

As expected, species with
the highest risk of predation
with lowest

had calls the

Some American species,
like Red-sided Gartersnakes,
engage in mass matings

involving hundreds of

writhing snakes.

amplitudes  and  highest
frequencies (that is, soft and
squeaky). These are acoustic
that,

predator, would make the

characteristics for a
source of the calls hardest to

locate. In chicks

that

contrast,

faced  the  lowest
predation levels had no need
to be inconspicuous and
begged as loudly and deeply
as they could.

—K . McG.

Snakes’ Tell-Tails

men with big feet, hands or

uch has been made of

the urban myth that

noses are similarly well-

endowed elsewhere. | don’
know how true this is in
humans, but apparently a
similar association, with tail
length, occurs in snakes.
Rick Shine (University of
Sydney) colleagues

wondered why the males of

and

most snake species have
longer tails than  their
females. Differences between
males and females often
reflect sexual selection, but
snakes are secretive about

their sex lives and difficult to

study.  Fortunately  some
American species, like Red-
(Tham-

nophis sirtalis  parietalis), are

sided Gartersnakes

e EEE———— ]
i

less introverted and engage
in mass matings involving
hundreds of writhing snakes,
shortly after emerging from
their communal winter dens.

When  the researchers
compared the tail length of
male gartersnakes with the
size of their two hemipenes
(reproductive organs), they
found that the longer the
tail, the longer the
hemipenes. Hemipenes are
sheathed inside the base of
the tail except when mating.
Both long tails and long
hemipenes may be advant-
Red-sided
Gartersnakes, since a long,

ageous to
strong tail enables males to
wrestle  opponents

females,

away
from
hemipenes
attachment

while long
may  increase
during  copu-
lation. Certainly, males with
long tails were more likely
to be found mating than
shorter tails.

males  with

Males with tails reduced by
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accidents or predation were
particularly unlucky in the
copulatory stakes.
Competition
male  Red-sided
snakes is likely to be stronger
promiscuous

between
Garter-
than m less
species. Even so, this study
suggests that mating compet-
ition may be why the males
of many snake species have
proportionally longer tails
than their females. Perhaps it
also suggests that, if we had
kept our tails, we would be
less obsessed with the size of
our feet, hands and noses,
cars and

even our

chequebooks!
— D@

Sticky Fingers Save Lives

M;my people who have
visited Taronga Zoo in
Sydney watch with amaze-
ment at the way the tiny

Feathertail Glider  (Acrobates
pygmacus) can - clingto
smooth, vertical, glass sur-
faces. Herb Rosenberg and
Robert Rose from the Uni-
versity of Calgary examined
the foot pads of Feathertail
Gliders to see how they per-
form their Spiderman-like
tricks. They also wondered
how the feet resist the forces
that a gliding animal must
experience when it comes to
land abruptly on a hard sur-
face, such as a tree trunk.
When
microscope slide, Feathertail
Glider pads leave a kind of

pressed  onto a

fingerprint.  Close examm-
ation of the pads with a
scanning  electron  micro-
scope reveals that the surface
1s covered with skin ridges.
These by

numerous sweat gland ducts

are  perforated

running  up  from  deep

within the tissue. Moisture
from these ducts spreads
along  the  skin  ridges,
creating  minute  adhesive

strips with enough capillary
torce to help the glider stick
fast to smooth surfaces.
Feathertail Glider pads also
have a umque arrangement
of skin cells that protects the
feet from the forces of shear
and compression. Normally,
mammalian skin responds to
impact by
thickening up and torming

and  shearing
an outer layer of dead cells.
Just  look
when you wear tight or new
shoes. But the glider pad

what  happens

grows 1n such a way that the

skin surface forms a
thick

Instead, a

never
layer of dead cells.
layer of tny
liquid-filled chambers in the
skin forms a kind of sponge

that absorbs compression and

Smooth operator: -
Perator: the feet of Feathertail Gliders are adapted to clinging to smooth surfaces

12

;—

gives the glider

a soft
‘ S
landing. e

=A%
Pleistocene Parka

Purred on by best-se|].
g novel and later
blockbuster film, attemprs t:
extract DNA  from ancieng
organisms have intensified in

recent years.
Most  DNA

extracted comes

that
from the
mitochondrial genes, which
exist in thousands of copies
m  each

cell and contain

structions for making the

energy-producing mito-
chondria, among  other
things. But there are other
genes, the nuclear genes,
which only exist in two
copies in each cell, and are
responsible  for what the

amimal looks like, Clearly,
for an understanding of the
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| genetics of extinct animals, However, Alex Greenwood been frozen in permafrost A recentstudy has shown that
we require information from and colleagues from the for around 14,000 years. mammoths were almost identical,
t both types. Because of their  University of Munich have The results are intriguing genetically, to Asian Elephants.
relative rarity, nuclear genes recently managed to obtain  for another reason. Apart
are much harder to extract partial sequences from four from their hairiness, mam- are almost identical genet-
and isolate, and until now of these elusive nuclear moths are very similar ically as  well

in fact,
good results have not been genes, using Alaskan and anatomically to Asian Ele- mammoths are more similar ‘

obtained for samples older Siberian mammoths (Mam- phants. The new study genetically to  Asian  Ele-
than about 10,000 years. muthus primigenius) that had  reveals that the two forms phants than are African l
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Elephants. However, before
scientists (and entrepreneurs)
start dreaming of extracting

sperm from frozen
mammoths and artificially
impregnating ~ Asian  Ele-

phants—an idea sensation-
alised quite recently in the
popular press—some caveats
are mn order. The nuclear
sequences researchers
managed 1solate  were
short, and lab
trials showed that, like all
ancient DNA,

the
to
extremely

even  Cryo-
genically preserved mam-
moth DNA is extremely

degraded and distorted and,
therefore, likely to be useless
biologically.

—M.L.

Sound Shift for Sage Grouse
In the realm of bird
courtship a male will do

13

just about anything to get
noticed by nearby females.
But the North
Sage

American
Grouse  (Centrocercus
urophasianus) plays it cool.
Sure he’s got the dramatic
display—with wings held out
to the side, he inflates a pair
of dark neck sacs that pulsate
through the bird’s contrasting
white feathers, and produces
a series of loud accompany-
ing calls—but he directs his
display away from the females
whose attentions he is trying
to attract.
Intrigued by the birds’
seeming nonchalance, a team
led by Marc Dantzker (Uni-
versity of California, San
Diego)  investigated  the
directionality of the acoustic
signal. Placing eight micro-
phones in a circle around the
male’s display territory, they

found that the birds” acoustic
radiation patterns are unlike
those of any other verte-
brate. call 15
of the
animal, tapering off along 1ts
body, however Sage Grouse
are  able

Usually a

loudest in  front

broadcast
components of their songs in
varying

to

directions around
their bodies. The ‘whistling’
component, for example, is
most intense to the sides and
behind the caller.

In order to attract a mate
over the cacophony of other
males, try

the

callers hit

loudest

to
females  with

‘whistles’ they can. Since
these are loudest just behind

the shoulders, males face

away from the objects of
their desire and rely on their
sound to put their best face
forward. This makes it look

NATURE AUSTRALIA SUMMER 2000~

The side-on courtship display by the
male Sage Grouse.

like the males are ign()r'mg ‘
the very females they Moyt
want to attract.

The get  their
suitors’  messages, though ‘
turning with the males ¢
maintain an  oblique angle |
between them and ensuring ‘
they’re always hit with the
loudest part of the song. As
to the adaptive value of this

females

unusual acoustic pattern, the

researchers  suggest  that
evolved o
improve the effectiveness of a
side-on display that evolved

first for

perhaps it

other reasons, or
maybe it 15 simply a ‘side-
effect” of selection for loud
and impulsive sounds that
the birds make to attract
females from a distance.

—R.S.

Neanderthal Cannibals
or nearly a century we
debated  whether

Neanderthals were cannibals.

have

Previous archaeological evi-
dence could not rule out the
possibility that markings on
Neanderthal bones —were
caused by gnawing animals,
or by the Neanderthals them-
selves in preparation for bur-
But evidence,
unearthed from a 100,000-

deposit  at

1al. new

year-old cave
Moula-Guercy, south-eastern
France, provides the best
proof yet that Neanderthals
ate their own kind. ‘
Alban Detfleur (University
Mediterranean  at
Marseilles,  France) ant}
colleagues compared 78

Tagiments
Neanderthal bone fragmett
least SIN

of the

(representing  at

l‘ -(l | ﬁ':“_‘v

in(. 1V1 Uals) Wil h hC 1
o 1 S lee f

lnCnted l one I‘Clnalll Of C

i < m
and other animals found :

the same stratigraphic level of.
The types of bone
and the
were

the cave.
that were broken,
patterns of cut marks,

2001
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\ The Orang-utan (Pongo pygmaeus)
is just one of the many animals that
rely on the mass fruiting events of
Borneo's dipterocarp forests.

the same tor both the
& Neanderthal and  anmimal
I remains. The skulls and long
I} bones had been detleshed
with a stone tool, and then
smashed with a hammer,
presumably to remove brain
tissue or marrow. Only the
hand and foot bones, which
have no marrow, remained in
tact. The researchers argue
that, if the non-human
bones were the result of food

preparation, then the human

bones, which were processed

in the same way, must also

have been on the menu. US and Indonesian research-  tanical bounty is produced roduction is known as ‘mast-
Although Neanderthals  ers led by Lisa Curran (Uni- by members of the tree fruiting® and they have

shared Europe with more versity of Michigan in Ann  family that dominates the negligible seed production
modern-looking ~ hominids  Arbor) has uncovered the canopies of most South-East  during intervening years.
for several thousand years, secret to the synchronicity of  Asian tropical forests—the  Such a strategy has probably
we tend not to think of these extraordinary events. Dipterocarpaceae (or dipter-  evolved at least partly in
them as sharing the same Borneo’s remarkable bo- ocarps). Their sporadic rep- response to pressure from
bed, or even the same table.
Yet cannibalism 1s another
piece of evidence for
similarity (see “Neanderthal
Cocktail”, Nature  Aust.
Spring  2000). Cannibalism
(whether for food or, more

often, for ritual purposes) is

LTtheworld’s MOST

“ comfortable wilderness.

of course documented in

several  modern  societies.
Cannibalism may be the dark
side of human nature but,

given what we also know The KOkOdU thct most
about their stone tools and tourists never see.
burial rites, Neander-thals
, appear to share a full range This is a wilderness
of | human behaviour, Wlfh a difference,
certainly as complex as that
of our more modern- a wi|derness that
looking ancestors. says relax and
—— R -
' enj|oy.

Borneo Fruit Falls =
! YT
very few years, the forests l
[ O T R

of Borneo yield a feast of

flowers and fruit that requires

s 12 Carrington St Millner NT 0810
alkabout@ais.net.au

o ) Winileqy
an exquisitely coordinated

effort by some 50 ditferent
tree species. Now, after a 14-
year investigation, a team of

19
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seed predators. Each masting

1s mtended to produce so

much food that the many
animals  plundering  the
booty are quickly sated,

leaving behind enough seeds

that will survive to
germinate.

16

Curran’s  research  team
started looking in 1986 for
the trigger that prompts so
many ditferent tree  species
over such a wide-ranging
area to set fruit within weeks

The

trials  1n

other. team

field

of each

conducted

The poison dart frog Epipedobates femoralis reveals the Amazon's buried

secrets.

National
their

Gunung
Park

observations

Palung
and  compared

with  climatic
data. They found a pattern
that clearly correlated mast

with  El  Nimo-

Southern Okscillation cycles.

events

These occurred at irregular
intervals every three or more
years, with the start of each
cycle marked, 1 particular,
by a huge decrease in the
June-to-September rainfall.
Unfortunately,  however,
the
another

researchers  uncovered

notable trend.

During the last three of the

four mast events they
witnessed,  the  animals
weren't leaving as  many

seeds behind, resulting in a
decline m the establishment

of viable seedlings. One of

the main  reasons, the

research revealed, was due to
loss of trees by logging.

The long-term tuture ot
Borneo’s forests looks bleak.,
1t seems, unless there are
some dramatic changes m
land-use  practices on the
1sland.

—K.McG.

Ridges or Rivers?

he Amazon Basin has the

greatest  diversity  of
species on the planet. It has
long been thought that the
river itself is responsible ftor
this diversity, as the me-
andering  Amazon and its
labyrinth of tributaries cut
oft” pockets of land where
animals become isolated and
genetically distinet. Howev-
er, a new study on the poi—

son dart frog Epipedobates
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femoralis has revealed that
other hidden forces may be
more 1mportant m shaping
life in Amazonia.

Stephen
Queen’s University, Ontario,
and colleagues have been
mapping  DNA

from ditferent populations of

sequences

this predominantly terrestrial

frog. It the river is the
driving  torce of diver-
sification, it tollows that
frogs on opposite sides of
the river bank should be
genetically  distinct,  and
differences should become

exaggerated as  the river
widens. Yet the frog DNA
shows

both riverbank

populations  to  be similar.
Instead, the greatest genetic
between

difference occurs

the headwater and all other

populations, about 800
kilometres upstream  from
the  mouth. This area
comcides with an ancient

Lougheed  of

Five to 15 million years ago

the ridges dominated the landscape,

crisscrossing the region and

impeding gene flow.

ridge, known as the Iquitos
Arch, that
hundreds of kilometres in a

once extended

direction at right angles to
today’s river. A sumilar pat-
tern of divergence has also
been reported n rodents.

It is little wonder that
scientists  missed the 1m-
portance  of  Amazonian

ridge lines, for these massive
now buried
Five to 15
million years ago, however,
the

formations are

m sediments.
the

ridges  domiated

landscape, crisscrossing  the
region and impeding gene
flow. Although now hidden,
of these

the invisible force

ancient boundaries has

LIRS e B

shaped  the patterns  of
species  distribution  and
created the richest assem-

blage of animals in the world
today.
—K IRl

The Gost of a Big Onen
Mouth

eeding for a Basking Shark
F(Ccrorhinus maximus), the
world’s second largest fish
after the Whale Shark, 1s a
drag...quite literally. It for-
ages by swimming forward
with 1ts huge mouth agape,
collecting and filtering out
tiny animals (zooplankton)
from the world’s temperate
Because the

coastal waters.

NATURE AUSTRALIA SUMMER 2000-2001
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open mouth increases resis-
tance against the water, eat-
mg like this requires more
energy than normal swim-
ming.

Calculations  published n
the scientific literature 1n
1954 estimated that Basking
Sharks need to forage in
waters  with  zooplankton
concentrations of at least
1.36 grams per cubic metre,
just to meet the energy costs
of feeding. This threshold
led to the idea that Basking
Sharks live on an “energetic
and has been

knife-edge”

used to  explain  annual
disappearances of these fish
The
theory goes that, unable to

cope with the energy deficit

from coastal waters.

incurred by feeding on the

low zooplankton concen-
trations present throughout
the coldest months, Basking
Sharks

waters and hibernate during

migrate  to  deep

1
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WINEEr to CONserve energy.
Now David Sims (Univer-
sity of Aberdeen, UK) is
challenging this 50-year-old
theory and
behind it
Sims’

the  figures
According  to

theoretical
calculations and field obser-
vations of Basking Sharks

feeding in

own

the  English
Channel, the foraging thres-
hold  for

considerably

these  fish 1s

than
previously accepted—about
0.62 grams per cubic metre.

Z()()Pl;lllkf()ll concentrations

lower

above this lowest limit are

often found during the
coldest months m coastal
waters frequented by
Basking Sharks.

This  means that an
energy-saving, — overwinter-

mg  hibernation 15 not
necessary for Basking Sharks.

Sims that the

speculates
reason the sharks disappear
from coastal waters during
winter may be to court and

mate 1 as-yet-to-be-dis-

18

covered deep-water breeding
grounds  (although  recent
sightings of Basking Sharks
British
waters  1n

mating i surface

coastal sumimer
make this doubtful). Perhaps
they disappear to feed on
zooplankton  that
winter in deep water.

—K.McG.

over-

Burying Burrowing Origin
for Snakes

he present is not the key
T to the past. At least this is
the message that comes from
some recent studies on the
evolution of snakes.

It has long been assumed
that ~ snakes  got  their
‘snakiness’ (lack of limbs and
long

cylindrical body)

through adaptation to a
burrowing lifestyle. After all,
the most

primitive living

snakes (such as the small
worm-like blind snakes) are
burrowing, and 1t all seems
to make sense: 1f you make a
living

shding through

e ———

Narrow burrows, legs
become an mmpediment and
so they eventually get lost,
while an elongate slender
body i1s distinctly advantag-
eous.

But 1t just
according to John Scanlon
and Michael Lee from

ain’t  so,

the
Queensland,
who have taken a closer look

University  of

at an extinct group of boa-
like the
madtsoiids. They looked at
234 features of these snakes
and all their slithery kin to
work out their relationships.
It turns out that none of the
early, primitive snakes was a
burrower. Instead they either
swam in oceans or hunted
above ground. So it’s time to

snakes known as

rethink the burrowing origins
for snakes.

Why has it taken so long
to analyse these primitive
snakes? It’s a bony question.
Fossil snakes, including most
of the madtsoiids, are usually

known only from vertebrae,

1

Why do Basking Sharks disappear
from coastal waters during winter?

yet it’s the skull that has 4]
the really useful bits that
help work out relationships,
skull  elements
from the huge madesoiid
Wonambi  (Aboriginal  for

‘dream serpent’) have only

Fossils  of

just  come to light in II/
Riversleigh (Queensland)
and  Naracoorte  (South
Australia), allowing  the |

snake people to put the |
puzzle together. |

But wait—there’s more!
Perhaps its the marine
connection that holds the

clue to snake origins. In

another Lee and
colleagues took a deep look |

1nto

paper,
the  mouths  of
mosasaurs—those enormous
turtle-chomping  lizards  of
the Cretaceous seas. They

concluded that

1MOsasaurs L

were the oral intermediate

between lizards and snakes, |

for they found the perfect

precursors to the rather

complicated dislocating gob

of the modern snake. i
With

lizards

the link between

and  snakes i
mosasaurs now established,
perhaps some more thought
will be given to just how a 1
bulky ancestor |
bequeathed so many snaky
features to

marine
their descen-
dants. Stay tuned.

—PAauL WILLIS
QuANTUM, ABC TV

FURTHER READING
Briskie, J.1., Martin, PR. &
Martin, LE., 1999. Nest
predation and the evolution of
nestling begging calls. Proc. R.

Soc. Lond B 266:
2153-2159.

Curran, L.M., Caniago, L.,
Paoli, G.D., Astianti, D,

Kusneti, M., Leighton, M.,
Nirarita, C.E. & Haenanan,
HL, 1999 lmpact of EI Nifio
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QUICK QUI2
1. What is the name
given to floating
volcanic rocks?

Which species of

albatross is the only

ko

one to breed entirely
within Australia?

3. What is the name
of the massive
underground water
supply discovered in
the Western
Australian goldfields
in May 2000?

4. [n which year did the
last Thylacine in
captivity die?

5. What are angiosperms
more commonly
known as?

6. Nanie the second
largest planet orbiting
the Sun.

1. What do the larvac
of mud-dauber
wasps eat?

8. [Which species of
Australian snake is
the longest?

9. What are CFCs?

10. On which island in
Sydney Harbour is
Fort Denison located?
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The happy hooker?

To some people th
of a checky visit from a
shiver up their spine.

ird means ospect
cound of the Grey Butcherbird means the prosy
- ) hoep S .
familiar friend. ..to others it sends a cold

A Grey Butcherbird has wedged its prey into the fork of these branches and is proceeding to tear it apart.

N ESCAPED CANARY ONCE

flew into our backyard and my

cleric father, who must have
closet aspirations for the fire
brigade, braced himself behind the
garden hose and baptised the poor
Canary under such pressure that the
christening almost ended with the last
rites. So we got another little cage,
another four-inch nail, and the new
Canary and our old miserable Budgie
spent sunny days back to back on one
of the tree tunks in our yard.

Despite its rude welcome, the Canary
was everything the Budgie wasn't. It

had

Jumped happily around its cage while
the Budgie moped; it sang a full-
throated  chorus  while the other
regurgitated over its own reflection: it
bubbled with the joie de vivre while the
Budgie smouldered with unrequited
love. Then, in mid-warble, disaster
struck. A Grey Butcherbird flew down
and dragged half the Canary  out
through the bars of its cage. | suppose
that  said  something  for  the
butcherbird’s power of discrimination,
but we were left with a pile of yellow
feathers and the tough old Budgie that
lasted  for

another

year  until

BY STEVE VAN DYCK
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my father slept through its terming|
epileptic fit.

Since that day I've watched &
Butcherbirds (Cracticus torquatus) fly o
all things. .. day-old
Bantam chicks, the children’s pet white
House Mice, young Bearded Dragops,
Dog biscuits, T-bones, apricots, as we|]

with sorts  of

as their staple diet of insects, smy))
birds, bats, and pieces of cheese o
salami snapped trom slow sandwiches,
In these days of black polystyrene
meat trays and refrigerated use-by
dates, goodness knows how the present
generation of city slickers is expected
to twig to the derivation of the word
‘butcherbird’. Does this bird bind up
its food in Glad Wrap? The time-
honoured explanation is this—being
food hoarders, butcherbirds kill their
prey, fly off with it to snag it on an
appropriate

hook then

perhaps fly back for more of the same

or  twig,
while the prey species abounds. It was
this practice of hooking and hanging
their meat and dismembering it later
(albeit by tugging and tearing) that
gave butcherbirds their common name.
But who has ever seen them actually
hooking up food? Every time | think
I'm onto that bit of behaviour, all [ see
is the bird dragging the prey along a
rough branch or between twigs, and
finally wedging it in such a way that it
can be tugged at and dismembered.
Long-time  butcherbird obsel‘ver
Dariel Larkins, who has recorded Grey
Butcherbirds with all sorts of prey
items from apple cores to yellow nylon
socks, is convinced these birds are n'Ot,
in fact, hookers at all, that myth being
perpetuated from the earliest days
when it was assuimed they were closely
related to the true Afro/European
shrikes (family Laniidae), which do wse
hooks and thorns to secure their mealsi
My wife has observed that butchers

: A certain Wa
behind the counter have a certamn Way
al, but

got

with women, not overtly sexu
suss. I chink 1ts
to do with their macho
commodity  the
1t delver
are

definitely
something
provision of a
customers’ husbands just cai
themselves. Whatever 1t 1, 1ien )
not fooled by knife-flashing butC.h'el-‘
and, relieved to avoid their COHIPC’UU_V‘j
presence, we embrace the anony ity

of the Woolworths meatorama.

2001
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To be honest, the Grey Butcherbird
1s a species | just cannot come to
either. All the
bravado, muscle flexing, clacking of
blades, and tender ofterings of meat to

reasonable terms with

the opposite sex is a bit of a turn-oft.
No wonder some people see them as
over-equipped brutes when it comes to
their dealings with the smaller birds on
Often a
territory contains nothing much more

their  patch. butcherbird’s
than themselves, Noisy Miners, and
one or two other equally aggressive
species.

There 1s not much point whingeing
about 1t, doing the Australian ‘tall
poppy’ thing and knocking the clever
Life m the ‘leaty’

and  successtul.

suburbs i1s no bed ot roses. It’s still all

about Dogs, Cats, slingshots,
toughness, brains, hunger...Canaries.

To adaptable butcherbirds, a suburb is

just a  chunk of disembowelled

woodland  full of short grass, open
views, occasional tall trees and cheek-
brick
which fly all sorts of tempting treats
like

barbecue scraps. There they wait and

by-jowl Jennings caves from
e

cheese, chopped meat and
watch, patiently scanning the scenery
from a midstorey twig, then drop down
and attack. Snipers. In areas of thick
ground cover where wrens, finches and
small honeyeaters occur, Grey Butcher-
birds find it more difficult to operate
because the small birds either escape
mnto the undergrowth or they conceal
their nests and contents within 1t.
The

butcherbirds in the

frustration  associated  with

suburbs 1is this.
Although you might plant your garden
with all the recommended small-bird
attractants (low twiggy shrubs, seeding
grasses, nectar-producing flowers), the
butcherbirds knock off the small birds
on their way to your place, and their
conspirators, the Noisy Miners, move

m and harvest the nectar! The
combined bullying eftect of

butcherbirds and Noisy Miners is so
formidable that nature lovers busily
birdscaping their gardens often throw
in the towel and resign themselves to a
garden where all feathers are grey!

Like their more conspicuous black-
and-white relatives  of the open
woodlands and suburbs (Pied Butcher-
birds, Butcherbirds

Magpies), Grey

NATURE AUSTRALIA SUMMER 2000-200 |

Cracticus torquatus

Classification

Family ArFamidae (butcherbirds, magpies, currawongs, woodswallows),
4 butcherbird spp. in Aust., 4 in PNG (2 of these also in Aust.).

Identification

Half-magpie size._ Black-capped head, grey-white throat and belly, slate-grey
back, broken_ white collar. Strong blue-grey beak heavily hooked at black tip
(beak bigger in male). Juvenile dirty brown-grey. Length 280 mm.

Distribution

Aust. south of around 20° but absent from NT/Qld/SA border area. Throughout
most leafy cities and suburbs and in open woodlands to milder deserts.

Food

Omnivorous but mainly insects, small birds, mammals and reptiles, fruit.
Connoisseurs of Blue Castello and Kameruka cut in cubes and stylishly

arranged on verandah handrail.

Reproduction

Breeds mid-winter to early summer. Territory size around 5 ha, depending on
habitat. Nest is a harsh cup of twigs but lined with a soft centre of bark and
grass. Only female incubates 3-5 brown-blotched olive eggs (30 mm long) for
25 days. Male feeds female during incubation and brooding. Young leave nest
at about 26 days old. Pairs usually manage to raise only 1 brood per year.
Before attaining adult colour in their 2nd year, young may help raise

subsequent brood.

have deliciously melodious calls that
define territories, attract mates, service
bonds and raise alarms. Some calls are
choreographed so that unique phrases
are sung only by the male, but they
receive an mmmediate answer with an
equally unique response by his mate.
This soft, smooth interchange stands in
stark contrast to the abrasive, gurgling
when

chatter the birds

mobbing and beak-snapping at a snake

engage in

or an owl trying to look inconspicuous

m a tree. Their most commonly
recognised call, however, 1s rich and
tuneful, and sung with force and

apparent defiance. This call must set
small feathery knees a-trembling.

To some people the sound ot the
Grey Butcherbird means the prospect
of a cheeky visit from a familiar friend
bold enough to come into the house
and take food trom human fingers. To
others though, that voice sends a cold
shiver up their spine, because with it
killing  efhiciency

comes cool

guaranteed to reduce the number of
small birds in your yard, or at least limit
But

butcherbirds pursue life with as much

their  reproductive  efforts.
natural efticiency as a pelican catching
tish or a cockatoo cracking corn, so it’s
pointless to describe them as ‘heartless’
or ‘cruel’ birds. You give them the
habitat that they were selected for and
they’ll occupy it. Hookers they might
not be, but a vacant street corner and a
good view are just about all this bird
needs to make an honest living.

FURTHER READING
Larkins, 1., (971.
larder. Birds 6(1): 5.

Grey  Butcherbird's

Larkins, 1., 1982. TVocal behaviour in the

Grey  Butcherbivd —ar - Turramurra,  New
South Wales, Aust. Birds [6: 35-359.
DR STEVE VAN DYCK 1S A SENIOR
CURATOR OF VERTEBRATES AT THE
QUEENSLAND MUSEUM.
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NICK WILSON

RARE & ENDANGERED

Peach Myrtle

Peach Myrtle was restricted prior to European settlement and so may be

‘naturally” rare.

EACH MYRTLE (UROMYRTUS AUSTRALLY)
Is an attractive rainforest tree

confined to a small area in far
north-eastern New South Wales. It is
the most southerly member of an
ancient genus and appears to be highly
specialised, being ftound only in low
numbers within a limited area of upland
rainforest.

The landscape of far north-eastern
New South Whales is dominated by the
remains of the great eruptions that
formed the Tweed Shield Volcano more
than 20 million years ago. The lava flows
varied in composition, and their overlay
and subsequent weathering have shaped
the land elevated
mountains and plateaus encircling the

central Mt Warning volcanic plug, and

into a ring of

rising above rich valleys of basalt-derived
soils. Remmant basalt caps remain on
some high areas, but the peaks and
of the
Nightcap Range

ranges southern and eastern

are  dominated by
rhyolite—a more erosion-resistant acid
volcanic rock similar to granite. It is only
on these rhyolite uplands, in a small area
on the Nightcap Range, and nearby Mt
Jerusalem and Koonyum Range, that
Peach Myrtle may be found.
Rhyolite-derived soils are relatively
mfertile compared with basalt-derived
soils, and this has a profound effect on
the vegetation. The basalt soils support
complex subtropical rainforest,
the

while
tend
temperate  rainforest
by Coachwood (Cerato-
petalum apetalum) and its relatives. Peach
Myrtle is scattered within the dense
mid-storey  of

rhyolite soils to

simpler

support
warm
dominated

this  misty upland
ramforest, in an area where the rainfall

1s the highest recorded in New South
Wiales.

Peach Myrtle grows to about 15
metres, and is superficially similar to
some other members of the Myrtaceae
family, but distinct in several ways.
Most prominent are the flowers, which
are at first white, then pink and finally
magenta when mature, and hang on
stalks.
characteristic appendage on the anthers

pendent They have a
trom which the genus name Uromyrtus
(= tailed myrtle) 15 derived. There are
four Australian members of Uromyrtus,

all  of

distributions.

which  have very limited

Two are in northern
Queensland, while the other (as yet
unnamed) is confined to the eastern
McPherson Range on the New South
Wales—Queensland border.
Probably 1,000

Myrtles exist in the wild, although the

less  than Peach
plants are often multi-stemmed and so
can appear more numerous than they
really are. Many individuals appear to
be very old, growing slowly and
sprouting more than once trom the
base. Peach Myrtle’s requirements seem
more specitic than those of the broader
rainforest habitat, as its distribution 1is
patchy and the species is absent from
areas of superticially suitable habitat.
Peach Myrtle is formally listed as
endangered, reflecting its small range
and low numbers. However, reasons
for the low numbers and ongoing
threats are not immediately obvious.
Processes such as wholesale clearing
have been limited, and forest cover and
possible pollinators (insects) and seed
dispersers  (small birds) remain over

most of its range. The principal land

BY NICK WILSON
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use has been forestry of varying
intensity, although its full impact op
Peach Myrtle is unknown. The specieg
can tolerate some mechanical damage
(by suckering from the roots), but the
eftects of fire, often used in forestry
operations, 1s much less clear.

Even so, it appears that Peach Myrtle
restricted European
settlement and so may be ‘naturally’

was prior to
rare. The apparently specialised habitat
needs, plus the distribution and ancient
origin of Uromyrtus (which arose on
Gondwana and is now centred on New
Caledonia), suggest Peach Myrtle is a
relict species. It seems to have adopted
a ‘hermit’ strategy of retreat to a
mountain stronghold over long periods
of climatic and geological change.

W hat this means for the protection of
Myrtle i

‘Natural” rarity can arise for a number

Peach not entirely clear.
of reasons, and rare species are not

always  threatened with  imminent
extinction, especially if limited habitat
and/or  small  numbers do not
compromise essential activities such as
reproduction. On the other hand, a
species must become rare before going
extinct.

Understanding the particular nature
of Peach Myrtle’s rarity is vital in
determining  conservation  strategies.
Studies on population dynamics are
especially important and have already
commenced. If numbers are currently
declining, urgent measures may be
required. Even if this is not so, the
hermit strategy of low numbers and
limited range means an elevated risk
threats as  occasional

from such

catastrophic  wildfire and  climate
change. .

The good news is that most of the
Peach Myrtle’s habitat is now contained
within the national park system, and a
recovery plan is being prepared. With
sympathetic  conservation  manage-
ment, there is every hope Peach Myrtle
will continue to survive, if never really
thrive, of

Nightcap.

the mountains the

NICK WILSON IS A BIOLOGIST WHO
WOR KED AS A CONSUL'TANT TO THE
NSW NATIONAL PARKS AND WILD!IFE
SERVICE ON THE UROMYRTUS
AUSTRALIS SPECIES RECOVERY PLAN.
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wiLp 1 HINGS

City of frogs

from garden ponds in

i . 5 ‘s
On hot steamy nights they chorus

almost every street.

Brown-striped Frogs are the ‘weeds’ of the frog world, thrivin

inner-city gardens.

N THE SPRING OF 1981 MARTIN
and Hillary Boscott, a Brisbane
brother and sister, found a pair of

Green Tree (Litoria  caerulea)

mating in their swimming pool, at a
time when the chlorine level was low.

They scooped out the eges and reared

the young, In 1982 the frogs returned

and more eges were laid. The next
spring was different—instead of a pair
of frogs, dozens of young adults came
to breed, presumably the offspring
from 1981, and the Boscotts had 2,000
tadpoles to raise. But this was only the
beginning. By 1984 the Boscotts had

Frogs

g in highly disturbed situations, including

300,000 tadpoles to cope with, and
they began giving them away.

A journalist learned about their
giveaways, and the Boscotts found
themselves  on  radio and television.
Suddenly  they  were celebrities.

Hundreds of people were clamouring
for their tadpoles. Many older folk
remembered a time when (
Frogs lurked in
laundries, and

sreen Tree
toilets  and
the Boscotts’ vision of a
frog-loving city struck a resonant chord.

The Boscotts had to organise their

giveaways. “From the mid 1980s to the
early |

their

990s the numbper ofpeople who

wanted tadpoles was overwhelm;p

artin told me. “lIt was oL
Mart1 extr aordlnary.
d COme in

We had organised sessions to giv
away. Up to 200 people woul
a single afternoon. We pyt
parent and one

collection. We'd give a 15-

a limjt of
child per
Minute g
quickly give them the tadpoles, get ri(i
of the people who wanted o ask

the

extra questions, pause to have 3 quick

one

cold drink, then another crow( would
Notes  provided with g,
tadpoles explained the basics of pond
design, and hundreds of people had
frog ponds installed.

: ”
arrive.

Brisbane now abounds in frogs. Oy
hot steamy nights they chorus from
garden ponds in almost every street
Brisbane wasn’t like that 15 years agq,
The Boscotts remarkable
ecological and social phenomenon, one
with few parallels in Australia.

ignited a

But the main beneficiaries have not
been Green Tree Frogs. In 1984 Dainty
Tree (Litoria  gracilenta)
visited the Boscotts’ pool, followed by

Green Frogs

Brown-striped  Frogs  (Limnodynastes
peronil) two years later, and the Boscotts
distributed tadpoles of these as well.
Green Tree Frogs are more popular
because they are big and ‘friendly’ and
enter houses, but many people took the~
other tadpoles as well. The dispersal of
so many tadpoles, and creation of so
many ponds, has allowed Brown-
striped Frogs to explode in numbers.
Their incessant ‘pok pok pok’ Ch()%‘USGS
now keep residents awake and trigger

Some

' i arguments.
neighbourhood g

pond-owners regret introducing then%,
and now remove their spawn: othelj
even kill the adult frogs. One prouc
pond-owner, Steve Rhodes, told me hef
scoops out hundreds of thogsandsh:r
their eggs each year, to give Ot

species a better chance.

X -Oups
Brisbane now has two trog g l}r;
nbe
boasting more than 700 1l-lt‘ll .
theny,

between them, and one of

RANA (Restoring Austmliani Natll\fi
Amphibians), has taken OFEL from t],
Boscotts as the focus tor tﬂdp“{‘l
distribution, although it refuses to d'&ly
in Brown-striped Frogs. Fmg—br‘eedlnéj
1s nowhere near as P()plll:lf n Sydne’)'
and Melbourne, State  laws
forbid movement of wild tadpoles,
the climates and gardens suit frogs less.

where
nlld

_200!
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Brisbane’s resurgence IS an
extraordinary, heart-warming phenom-

enon, but one that raises a number of

frog

questions.  First, should tadpoles be
moved from place to place? Some of
the Boscotts’ frog progeny have found
their way down to Sydney and up to
Cairns, mixing up the gene pools of
local populations. Some zealous frog
fans are taking tadpoles outside their
original range. In 1999, while weeding
my garden, | uncovered something that
made me gasp. Crouched under a tuft
of grass was a Fletcher’s Frog (Lechriodus
fletcheri), a rare species of high-alticude
rainforests. ~ Someone  had  probably
taken tadpoles from a mountain reserve
to rear in a Brisbane pond. Not only
were they depleting native stocks, they
feral

were possibly creating a  new

population—Fletcher’s  Frogs  don't
belong in Brisbane and shouldn’t be
allowed to establish. 've also heard of
local ponds and streams carrying Red-
eyed Tree Frogs (Litoria chloris), another
montane Also  of

concern is that huge numbers of pond-

rainforest species.

reared  Brown-striped  Frogs — will

descend natural wetlands and

displace dwindling colonies of other

upon

frogs. Because of such concerns, and
the very real risk of spreading disease—
(Batra-
which s

notably the chytrid fungus

chochytrium — dendrobatidis),

prevalent in Brisbane  ponds—the
Queensland Frog Society 1s opposed to
the redistribution of tadpoles. Build a
pond, they say, but let the frogs move
in. RANA’ policy is only to move
tadpoles locally.

Frog breeders are motivated to help
frogs, but only a few Brisbane species
have Dbenefited—the three [ have
mentioned, plus Eastern Dwart Tree
Frogs (Litoria fallax), and the occasional
Tusked  Frog  (Adeclotus  brevis)
Omate Burrowing Frog (Limnodynastes
ornatis). RANA members are dabbling
with others. At Steve Rhodes’ pond |
heard the chuckle Peron’s Tree
Frog (Litoria peronii), the progeny of a
tadpole he obtained, but this species is
fussy and it rarely spawns in city ponds.
Martin Boscott says that all frogs benefit
from the popularity of breeding, and |
can see his point. Children who rear
frogs are likely to grow up concerned

about the plight of all species, including

and

of a
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Eastern Dwarf Tree Frogs will live around garden ponds and dams, provided there are plants to cling to.

declining rainforest frogs. 1 only hope
that all trog breeders resolve to act
responsibly, by limiting the spread of
tadpoles, otherwise they run the risk of

doing more harm than good.

FURTHER READING
Robinson, M., 1993. A field guide to

frogs ot Australia. Australian Musenm/
Reed: Sydney.
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The capture of a single live
marsupial mole provided us
with a rare opportunity to
study these unique and little-
kuown marsupials.

ARSUPIAL MOLES (INOTORYCTES)

are the most unusual of all
Australian marsupials, as they

are the only marsupials that live almost
entirely under ground. They seem to
be restricted to the sandy desert regions
of central and western Australia, and to
survive there, they need to be highly
adapted  desert  dwellers.  Early
researchers provided us with consider-
able detail about their morphological
adaptations to a burrowing (fossorial)
litestyle, but we know little about therr
physiological adap-

tations,

not even

their body tempera-

a single live marsu-
pial  mole  from
Western Australia pro-
vided us with a rare
opportunity to study
the  physiological
adaptations of” these
unique and  little-
known marsuprials.

Two very smmilar
species of marsupial
been
Noto-

ryctes typhlops from

mole have

described:
central  Austraha,
and N. caurinus from
the north-west. Lit-
tle is known of N
canrinus;  even 1ts
taxoOnomic status 1s
uncertain, with many researchers treat-
myg it as synonymous with N typhlops.

Notoryctes typhlops was first described
m 1888 by E.C. Surling. He noted its
striking similarity with the placental
golden moles (family Chrysochloridae)
from southern Africa, but speculated it
might be a monotreme because he
could find no trace of a separate uro-
genital orifice 1n the poorly preserved
specimen. This teature was tound in
later specimens and the marsupial
nature of the mole was soon undoubt-

ture. The capture of

ed. However, the exact systematic posi-
tion ot marsupial moles within marsu-
pials is stll not clear, although it 1s
apparent that they are sutticiently ditter-
ent from other marsupial groups o
warrant separate familial status.

In 1920, the second species ot marsu-
pial mole, Notoryctes canrinus, Was
described by Oldtield Thomas from 2
single female caught in August 1910 at
Eighty Mile Beach, on the north-west
coast of Western Australia. This new
species was described as being genernlly
smaller than N ryphlops, having a small-
er skull, a shorter and narrower muzzle.
a nasal opening of lesser hetght, larget
tympanic bullae (bone coverings of the
middle ear), and smaller and fewe?
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(Ahove) Notoryctes typhlops was reported to eat
centipedes but the smaller N. caurinus would
only eat beetle larvae.

{Right) This is the site west of Kiwirrkurra
where local Aborigines reported catching
marsupial moles.

teeth. But this specimen was probably
not the first N. cawrinus to have been
collected by non-Aborigines. In 1907, a
government surveyor by the name of
Trotman caught a marsupial mole in the
north-west of Western Australia; but
when he asked the local Aborigines
about its habits, he did not learn much.
This may have been more a result of his
mability to effectively  communicate
with the local Aborigines. Since the
first deseriptions of N. caurinus trom

NATURE AUSTRALIA SUMMER 2000-2001
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Western Australia, relatively few speci-
mens have collected. To our
knowledge, nobody had ever main-
taied a live N. caurinus i captivity for
any time. Practically nothing is known
about 1ts natural history, behaviour and
physiology, as 1s also true for its sister
species.

been

BOTH MARSUPIAL MOLE SPECIES have
a compact body and short limbs,
and are covered with a rich cream to
golden fur. The rostrum (nose) bears a
pad of thickened skin and the tail is
short and cylindrical. There are no
external eyes or ears, although car
openings are present beneath the thick
fur. The degenerate eyes are only hol-
low balls of pigmented cells lying
underneath the skin; there 1s no lens,

retina or optic nerve, so 1t is unlikely
that marsupial moles can detect hght
Their forelimbs have two well-devel-
oped flattened claws for digging. They
generally do not leave a recognisable
burrow since the loose sand often fills
the opening as the mole moves forward.
They thus appear to ‘swim’ through the
sand. On the surface, marsupial moles
move at a slow pace, often dragging
their rear feet and tail, and leaving an
easy-to-identity track.

With nothing at all known about the
physiology of marsupial moles, we were
mtrigued by the possibility that their
metabolism and pattern of thermoregu-
lation might be as speciahsed as their
morphology, and be more like the phys-
10logy of the placental Atrican golden
moles, than other marsupials. We had

In soft sand Notoryctes caurinus leaves a very
characteristic track. The furrow caused by the

tail and the lateral marks left by the hind teet are
most noticeable.

studied the unusual physiology of the
Namib Desert Golden Mole (Eremitalp,
granti namibensis), and so had j g0od
physiological basis for comparison (se,
Nature Aust. Autumn  1998). Nap
Desert Golden Moles have a lower apq
more variable body temperature, and ,
lower metabolic rate, than typical mam.
mals. Therefore, in 1997 we decided o
search for a live marsupial mole o
study. We widely circulated a poster that
offered a reward for information leading
to the capture of a live marsupial mole,
A number of people contacted us with
details of recent sightings—from Uluru
National Park m the Northern Territo-
ry, Lake Gregory in the north of the
Great  Sandy

Desert, Kiwirrkurra

WEDONT KNOW
if marsupial noles
will drink,
either from water
droplets at the
sutface after rain, or
by sucking water
out of moist sand.

toward the western edge of the Western
Australian section of the Gibson Desert.
and Nifty and Telfer mine sites t© the
west of Rudall River National Park. We
went to both Kiwirrkurra and the Nl.tf}"
mine site to search for moles, but with
NO SUCCESS. .
Eventually, in August 1998, 2 live
marsupial mole was found at Punmu,
remote Aboriginal community near [
Rudall River National Park. Phil With-
ers flew to Punmu the next day, t© a?l—
lect and bring the mole to Perth ff"'
study. We found that this nmrsupl;ﬂ
mole, positively identified as N. ‘.""""'.Ill'\.
by Ken Aplin of the Western Australia®

r 0l
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' A 35-gram marsupial mole (Notoryctes caurinus)

comfonably fits in a human hand.

Musetn, resembles the Namib mole
and other specialised fossorial mammals
in having a low and unstable body tem-
serature, ranging from 15-30° C.
Unlike the Namib Desert Golden
Mole, N. caurinis not have an
anusually low basal (resting) metabolic
rare. The metabolic cost of ‘swimming’
through sand is similar for both the
marsupial mole and the golden mole,
and is about 60 times higher than the
metabolic cost of walking or running
on the surface. However, the cost of

does

sand-swimming is much lower than the
cost of excavating a burrow in compact-
ed soil. So, marsupial moles have some
physiological specialisations for their
sand-burrowing existence. But are they
adapted to living in a desert?

Maybe not! Their small size and fos-
sorial existence allow marsupial moles
to avoid the extreme high temperatures
and low humidities characteristic  of
daytime conditions in deserts. Even a
few centimetres under the sand surface,
the temperature is considerably lower
than the daytime air temperature, and
the humidity is much higher. Marsupial
moles gain water through their food
and metabolism. Our captive mole only
consumed the moist abdominal con-
tenss from large, soft-bodied insect lar-
vae, leaving the harder head and thorax
regions. Being small, the mole would
also produce a significant amount of
water from its metabolism, despite hav-
ng a relatively low metabolic rate for a
mammal. We don’t know if marsupial
moles will drink, either from water
droplets ar the surface after rain, or by
Sk.lckmg water out of moist sand. But,
= cn the infrequent occurrence of
rainfall, it is unlikely that they would
rely on drinking.

Ifwater intake i limiting for marsupi-
a-I '”OIF’& then we would expect adapta-
FIOIls for Conserving water, although liv-
Mg under ground at high humidity
would reduce respiratory and skin evap-

orati . :
on. Recently we studied the struc—
tre of 3 4y,

did not fiy),
Clalised,
Medy]la

arsupial mole’s kidney and
it to be particularly spe-
It lacked the enlarged central
: region and long medullary
Papilla that 4pe characteristic features of
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URE AUSTRALIA SUMMEILC 2000-2001

.

Marsupial Moles
Notoryctes spp.

Classification
Family Notoryctidae. Two recognised spp.: N. typhlops and N. caurinus.

Identification

Cannot be confused with any other marsupials. Both spp. have large nose pad,
short hairless tail, strong heavily clawed fore- and hind limbs, no eyes, and
creamy-gold short thick fur. Notoryctes typhlops up to 19 cm long, whereas N.
caurinus smaller (up to 14 cm long) with smaller and fewer teeth.

Distribution
Sandy deserts of central WA, southern NT and northern SA. Exact distribution

of the 2 spp. unknown, although N. typhlops has been found in eastern and
southern sections of sandy inland deserts of Aust. and N. caurinus in the north-
west of the Great Sandy Desert.

Behaviour . _
Fossorial (burrowing), only coming to the surface occasionally; little else

known of their behaviour.

Diet .
Poorly known. Stomach contents of N. typhlops contain mostly eggs and_adults
of ants and termites. In captivity N. typhlops will eat beetle larvae, centipedes

and lizards: N. caurinus only ate beetle larvae.

Reproduction .
Little known. Like other marsupials the female suckles youn

faces towards rear to avoid filling with sand.

gin a pouch. Pouch

29
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many desert dasyurid marsupials and
rodents. Its facces, which we might also
expect to be relatively dry to conserve
water, were stead a very watery green
paste. So, contrary to expectations, mar-
supial moles do not seem to be physio-
logically adapted to desert hfe—rather,
their underground habitat and diet
msulate them from their desert sur-
roundings.

The extreme morphological adapta-
tion of Notoryctes but lack of physiolog-
1cal adaptation to desert life is consistent
with the discovery of 20-million-year-
old marsupial mole fossils from the rain-
forest deposits of Riversleigh, north-
western Queensland (see Nanre Aust.
Spring 1989). It appears that the moles’
more obvious desert adaptations (body
shape and spade-like limbs used to bur-
row through desert sands) evolved well
before  Australian  deserts

did. These

30
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morphological features may have origi-
nally been for burrowing through thick
mosses on the rainforest floor, and were
put to other uses (sand-swimming) in
sandy desert environments.

HERE TO FROM HERE? QOur pre-

liminary physiological study of a
single specimen of N. caurinus needs to
be supplemented with more data from
other marsupial moles of both species,
especially in the field. We need to learn
more about the ecology, biogeography,
reproduction, social organisation and
the phylogenetic status of these unique
marsupials. Ultimately, we also need to
learn how to keep and breed marsupial
moles i captivity. Our first N, canrins
ate only insect larvae and rejected adult
msects and small vertebrate prey, and
unfortunately died after five weeks in
captivity when it suddenly stopped eat-

R

The large rostrum and claws of marsupial mo_leus
(in this case Notoryctes caurinus) are an obvious
adaptation for digging in the sand.

ing. To avoid this problem in tutpre \]\’f
will experiment by supplc‘mel?tmg.f15i
diet with a range of other pOSSlblt‘ tood
items, including ant eggs and Iéll'Vflt’. .

If you know of a recent sight_l"t-! a
any informator ou

can provide us with T
natural histor)

marsupial mole ecology,

) - Ao \\rould
or a suitable field study site, We¢

. . - We

be interested in hearing from )/0”':’-“7
Q400 2=

can be contacted on 08 94 T

08 9380 -="
08 8303

(Graham  Thompson),
(Philip  Withers), or
(Roger Seymour).

FURTHER READING

- 96.
Burbidpe, A.A4. & Aplin, K.p, 19%

ot
; v« LandscoP
Endangered: marsupial moles. Lanc
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L ——— Both the 1999 and 2000* collection of flat Nature Australia posters

and has heen replaced by ihe popular Elephant Seal poster

When placed on the sand, our captive Notoryctes caurinus would immediately begin to burrow.

are now available for the specially discounted price ot $12.00

(including postage & handling and GST). These posters do not have any folds and are mailed to you in a rigid cardboard mailing

tube. If you would like to purchase one or both of these poster collections, just fill out the form in the back of this issue. *1he Cruiser Butterly poster is unanilabie
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HEN | FIRST SET
Aust-
was

foot

ralia, |
absolutely astonished to see a group of
parrots (Sulphur-crested ~ Cockatoos)
feeding on a roadside verge near the
airport. To me, parrots have always
bird
and

been the ultimate m exotic

species—bright,  big,  noisy
unmistakable. So a place where such
creatures were common had to be
extraordinary indeed. Australia is home
to one-sixth of the worlds parrot
species and has the greatest diversity of
forms. Parrots were once considered to
characterise the southern continent, so
much so that early explorers referred to
Australia as Tera Psittacorum—land - of
parrots.

Among parrots, rosellas (Platycercis
spp.) have long been in Australia’s
national psyche. Every tomato-sauce-
loving child knows the colourful figure
of the Eastern Rosella (P eximius).
Rosellas and

are a large

successtul genus that can be found in

highly

almost every cormer of Australia and
nowhere else. How they came to be
known as rosellas is not entirely clear,

but Archibald Campbell, writing m
1900, claimed that their name was a
corruption of ‘Rose Hill Parakeet'—a
regional name for the Eastern Rosella.
The colours and markings of rosellas

vary around Australia and regional
variants often interbreed where they
meet. This has led to considerable
debate  about  precisely how many

ditferent species and subspecies exist.
Classification debates aside, there are
eight major races that divide mto three
groups: one with white cheek patches
(Eastern, Pale-headed and Northern
Rosellas), one with blue cheek patches
(Crimson, Adelaide, Yellow and Green
Rosellas) and one species with yellow
cheek patches (Western Rosella).
Arriving 1n Canberra in 1993 from
Canada to begin my graduate work,
my eye was istantly drawn to the
Crimson Rosellas (Platycercus elegans)—
who could resist parrots the colour of
Much to my
surprise, | could find relatively little

Christmas decorations?

research published about their habits,
in stark contrast to the literature on
common European or North Amer-
ican birds. Why these birds, and indeed

NATURE AUSTRALIA SUMMER 2000-2

all parrots, should be so overlookeq i
not clear to me. Some have SUggesteq
that familiarity with parrots ;S Pets
bred contempt in early researchers. ().f
course, the considerable CI]EI”CI]geS 5
tackhing birds that nest in small hollows
high in brittle gum trees, and t‘quippcﬁ
with a beak that can be either bone.
crushing or razor sharp, may also have

: i el ;

had some influence! Nevertheless.
naive and keen to tackle something
new, the challenge of pursuing

Crimson Rosellas was irresistible.

O CONVINCE PAIRS to breed in
Tsomething a httle more amenable
for research than a hollow with a five-
centimetre-wide entrance, [ decided to
put up nest boxes. Armed with wire
and ladder, my partner David and [
erected the boxes in the dry sclerophyll
woods of Black Mountain. Rosellas are
so tuned into nesting hollows that, to
our delight, we could see curious birds

trailing behind us to mvestigate. Over

Crimson Rosellas love to eat grass seeds and can
frequently be seen feeding on grassy roadside
verges.

ol

Py




the six years that I have monitored
these nest boxes, around 80 per cent
have Dbeen occupied by Crimson
Rosellas each year.

Rosellas (and most parrots) do not
build nests like many other Dbirds.
Rather than bringing in new material,
they renovate a hollow by cleaning it
out, removing old debris (trust me,
much of this is pretty disgusting) and
by chewing a thin layer of soft bark on
which to lay eggs. When | put up a

)

new nest box, I place a layer of wood
chips nside, so that often the first sign
of interest 15 when the female begins
tossing the chips out!

Rosellas seem to be very selective
about the hollows they choose to breed
m. Even though a pair can use the
same hollow over several years, they
stll spend about two months a year
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ARRIVING IN CANBERRA
from Canada,
my eye was instantly
drawn to the
Crimson Rosellas—
who could resist
parrots the colour
of Christinas

decorations?

Male Crimson Rosellas guard nesting hollows
early in the breeding season. They feed the
sitting female during incubation and while the
chicks are hatching.

investigating a  variety of  possible
nesting sites. So, despite the fact that
pairs of rosellas were visiting my boxes,
I had no 1dea if they would actually
breed in them. Fussy tenants mdeed!
Once the choice has been narrowed a
bit, a par stakes out a  breeding
territory and attempts to keep other
prospecting pairs at bay. This can be
serious business, and anyone who has
walked in forests in New South Wales
during spring will have noted the
conspicuous vocal iteractions between
Crimson Rosellas: aggressive  chatter-
ing, tal wagging and occasional all-out

tights.
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Platycercus elegans

Classification
Order Psittaciformes (parrots), family Psittacidae.

Identification
Medium-size(_i broad-tailed parrot. Adults red with blue cheek patches and
black patterning on wings. Immatures mottled green and red to almost purely

red in some individuals. Weight 110-170 g. Adult males have wider bills and are
generally heavier than females.

Distribution and Habitat

South-eastern NSW and Vic. with an isolated population in southern Qld.
Introduced tq NZ and. Norfolk Is. where they are considered a pest. Prefers
forested habitat, but is found in a wide range of forest types ranging from

tropical rainforest to dry sclerophyll, and at elevations ranging from sea level
up to subalpine.

Reproduction
Eqgs laid from late Sept. to Dec. 0

Clutch size 3-8 eggs. Incubation 21
days.

ccasionally produce 2 broods per season.
days. Chicks remain in nest for around 35

Status

Not endangered, but like all hole-nesting species, vulnerable to loss of nesting

(Left) Crimson Rosellas have a keen eye for
nesting hollows and they quickly occupied empyy
nest boxes within the study area.

(Right) The vibrant red, blue and black plumage
Crimson Rosellas is an unmistakable feature of
Australia’s fauna.

Egg—laying m  Crimson Rosellyg
typically starts in early October by,
varies over about one month, early in
wet years and later in dry years. In the
ACT, the earliest egg [ have recorded
was  during the third week of
September. Once a female is close
laying, she spends more and more time
just sitting in the hollow or nest box,
and a couple of days later, on one of
regular checks, | am

my usually

rewarded with the sight of one or two

round white eggs.

Female rosellas, I find, have varying
responses  to being disturbed by a
lumbering biped with a ladder. Some
females sense your arrival 50 metres
from the nest box and are long gone by
the time you arrive. Other females sit
tightly in the box, covering their eggs
and just daring you to stick your hand
in the box. One particularly tenacious
female never allowed me to see how
many eggs or small chicks she had until
she had finished brooding!

Rosellas normally lay an egg every
other day, so the typical clutch of six
eggs takes just under two weeks to lay.
Not surprisingly, the female does not
hollow continuously

during this egg-laying period. Serious

remam 1in the
incubation usually begins when the
third egg is laid, so early-laid eggs are
especially vulnerable to interference—
an all too common occurrence in ny
study.

Mammals that use hollows as roosts
during the day are a particular threat to
rosella eggs. In my study area, Sugar

Glhiders (Petaurus breviceps)  and
Common Ringtail Possums (Pseudo-
cheirus - peregrinus) commonly take up
residence in nest boxes. Although

Common Ringtails are mainly folivor-
ous, | have found many eggs broken
and eaten in a distinctive pattern, some
with Ringtil hairs still stuck to them.
Easy protein, it seems, is hard to refuse!

TOM & PAM GARDNER /NATURE FOCUS

Introduced Common Starlings
(Sturnus vulgaris) and Common Mynas
(Acridotheres 1ristis) are  serious

NATURE AUSTRALIA SUMMER 2000-2001







(Left) By the time Crimson Rosella chicks approach
fledging, the hollow can be quite crowded. Unlike
many other birds, each chick can leave the hollgy
when it is ready, freeing up room for younger
siblings. The youngest chick has visibly less
feather development and can be seen on the left.

(Below) Here is a brood of six Crimson Rosella
chicks ranging in age from 15 to 20 days old.
Rosella broods are often large, and can take up to
one week to hatch. Although there are large initia|
size differences between chicks, parents feed all
chicks ensuring that even the smallest chick in the
brood will survive.

competitors for hollows in areas such as
urban neighbourhoods with degraded
or non-native vegetation. Although |
suspect a Crimson Rosella could win a
one-on-one battle with either of these
birds, both these species start breeding
earlier n the season than rosellas and,
once incubating, are impossible o
displace. A more diftuse threat to all
hole-nesting creatures 1s the European
Honey Bee (Apis mellifera), which takes
over as many as 2() per cent of nest

NATURE AUSTRALIA SUMMER 2000-2001
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boxes in my scudy area, and about half
of these colonies survive over winter.
Not all threats to rosella eggs come
from other species. In some vyears,
other Crimson Rosellas are the most
common cause of egg loss, and can
destroy more than half of all newly laid
eggs. Egg destruction by other rosellag
is not simply due to competition for
tor if

nesting  hollows, eggs  are
destroyed in a nest box, the box

remains unused for at least a month and
1s never reoccupied by the original pair.
Rather, ege

O

destruction 1s more likely
by
prevent
breeding pairs from settling in an area.

to be a strategy donminant,

residential — pamrs  to new
Why Crimson Rosellas should expend
so much energy keeping neighbours at
a distance 1s perplexing. It 1s unlikely
that close neighbours reduce the food
available for a breeding pair, since
rosellas do not feed exclusively in their
own territory, and tledged young never
return to the hollow. If female rosellas
opportunistically engage in extra-pair
copulations, close neighbours might
mcrease the possibility that a resident
male 1s cuckolded. However, cuckoldry
1s uncommon 1n this species. Perhaps
resident pairs are evicting non-kin that
try to settle in the area, 1n an attempt
to reserve places for any male offspring
that remain close to their natal hollow.
Knowing the sex primarily responsible
€88

understand

for destruction would help us

which  birds might  be

benefiting  from the behaviour—but
this will have to wait for another study.

Having negotiated the perils of egg
laying, females get down to the serious
work of incubating. This job gets easier
as the season the
length of incubation decreases with
msing - ambient temperatures, taking
about 23 days at the beginning of the
breeding season, and only 17 at the
ttnd. [ncubation is a far less risky time
for both the eggs and the incubating
female, although occasionally both are

eaten  in by

progresses, since

the hollow,

mammalian predators.

probably

In rosellas, because incubation begins
before egg laying has finished, hatching
Qf chicks 1s staggered. Asynchronous
hatching is common among birds and
produces  broods of

different sizes and ages. This means that

with  chicks
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there  will be large, behaviourally
dommant  chicks alongside  small,
competitively mferior chicks.

Genernally, parents feed chicks that are
most successful i competng tor food,
a pattern that clearly favours larger,

older chicks. This strategy allows
parents to raise at least some healthy
chicks  when food 15 scarce and

msutticient for the whole brood, but it
also may mean that younger chicks die

Female Crimson Rosellas are often seen
breeding while still in juvenile plumage. Here,
a young mother feeds her close-to-fledging
chicks, which are queuing up for dinner at
the hollow entrance.

even when food 15 abundant.

Surprisingly, bird parents rarely show
any

distributed, and m most species even

discretion  over how tood s
relatively small ditterences 1n size at

hatching reduce the survival prospects




of younger, smaller nestlings.

Parrot broods are characterised by
very long hatching mtervals, suggesting
that  the competiive  differences
between chicks should be especially
large. Crimson Rosella broods can take
as httle as two days to hatch, or as
much as At its  most
dramatic, this results in a 40-gram
chick sharing a nest with a five-gram
hatchling.  Surprisingly, even though
there were large size differences within
broods, 1 found that small nestlings
grew equally as well as their larger
siblings.

seven  days.

How, then, does feeding
within rosella broods differ from other
species?  How parents able to

distribute food to all their nestlings? 1

are

predicted that equal growth rates n a
species  with relatively extreme size
differences could only occur it parents
somehow mtervened on behalt of the
smaller chicks in the brood, preventing
larger chicks from dominating teeds.

O TACKLE THE PROBLEM of how
l rosella parents distribute food to

40

chicks within a nest box, 1 was forced
to take a high-tech approach. Both
rosella parents feed their young by
regurgitating a ‘porridge’ of seeds, buds
and msects. 1 needed to do two things:
first, film feeding wvisits to determine
how food was divided up; and second,
find out how much food mothers and
fathers delivered. | did this by placing a
small video camera inside the lid of the
box, and a computerised digital balance
under the nest-box tloor that registered
all changes in weight.

As the growth rates suggested, |
found that all rosella chicks are fed
equitably, regardless of their size. Since
early-hatched chicks are much larger
than later-hatched chicks, this means
that  parents
smaller

must  selectively  feed

chicks  within the brood.
Indeed, this is what my videotapes
showed. Parents went to great lengths
to prevent any chick from receiving
more than its fair share of food—they
pulled their beaks away and refused to
feed begging chicks, and they moved
around the box, both

to  escape

Two recently fledged Crimson Rosellas foraging in
a gum tree. Although their body colour can vary
between green and red, their characteristic red
cap distinguishes them from older juveniles.
Juvenile plumage is much more cryptic than adult
red plumage, however even adults can be difficult
to spot when foraging high in gum trees!

demanding chicks and to feed any that
had Rosella parents, in
contrast to most bird species, appear to
use active

missed out.

measures  to  keep thewr
oftspring under control. As you would
expect 1f parents are ruling the roost,
rosella  chicks  beg rather weakly
compared to other species, and n tact
do not beg at all when they are very
young.

Although all chicks are ted, rosellas
achieve  this  balance by  parents
engaging in different feeding patterns.
Mother rosellas seem to take the major
role in determining the distribution of
food the Whereas
mothers feed selectively by refusing to
feed large chicks, fathers feed older.
more competitive chicks more than
young chicks. Mothers are also sensitive

within brood.
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PARENTS WENT TO GREAT LENGTHS TO PREVENT ANY CHICK
from receiving more than its fair share of food—they pulled their beaks
away and refused to feed begging chicks, and they moved around the box,
both to escape demanding chicks and to feed any that had missed out.

to the overall needs of the brood and, if
food becomes scarce, they reduce food
allocated to small chicks and increase
the food allocated to large chicks, a
strategy that should allow the brood
size to be reduced if food supplies
remain poor. In contrast, fathers seem
to respond more to the immediate
demands of the chicks.

Why do rosella parents raise their
young in such a different manner to
most other birds? Rosellas may be
more discriminating in how they
distribute food because the extra time
required to selectively feed young is
small compared to the time they spend
feed their

young very infrequently, about once

gathering food. Rosellas
every two hours, deliver large loads (up
to 25 per cent of their body weight in
a single visit) and spend around three
minutes in the nest, feeding each
nestling several times. Songbirds, in
contrast, typically spend just a few
seconds stuffing an insect into the
closest mouth before heading off to
collect more food. Infrequent feeds and
large loads allow parents to spend a
relatively long time distributing food
without reducing their overall feeding
rate.

A second reason that younger rosella
chicks are more likely to survive than
in other species 1s because broods hatch
and fledge Last-
hatched rosellas can remain in the nest
and be fed for several days after their

asynchronously.

older siblings have left, giving them
time to complete their growth. In most
songbirds, the brood fledges together.
Synchronous fledging makes surviving
even more difficult for later-hatched
chicks because they require relatively
more food to complete their growth at
the same time as the rest of the brood,
but are less competitive at obtaining it.
Since younger chicks in rosella broods
have the same chance of surviving as
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their older siblings, parents will have
more to gain by ensuring that resources
are shared equally between the chicks.
Studying Crimson Rosellas in the
wild has revealed many unexpected
aspects of their behaviour and society.
Rosella parents are clearly capable of
responding to the needs of their young
in subtle, yet differing ways. Perhaps
complex parental care within pairs,
coupled with conflict between pairs, 1s
typical of parrots with long-term pair
bonds and a sedentary lifestyle.
Certainly, it seems paradoxical that
such quarrelsome extroverts could have

such a calm and equitable home life.

FURTHER READING
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Mottled green juveniles are commonly observed. Crimson Rosellas take two years to obtain their adult

colouration. Here a juvenile enjoys a bath.
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OST OF US, AT ONE TIME
or another, have seen the
nest of a
wasp. It may have taken

mud-dauber

the torm of a wrinkled brain-like
mound, a series of neat clay cylinders,
or a little mud jug with a curious
spout. Judging that it marred the
neatness of our eaves or exterior walls,
we may have destroyed it without
much thought. But what would have
happened if we had lett it undisturbed?

Over the past 20 years, in both

Australia and North America, we have

been studying the dramas that are
played these lttle

structures. They involve a surprisingly

out inside mud
large cast of characters, caught in a web

of contlicting desires and consuming

passions.
The stars of the show are, of course,
the mud-dauber  wasps  themselves.

They belong to a large family of

solitary  wasps, the Sphecidae. In
Australia, the most common species is
Black-and-yellow  Mud-dauber
(Sceliphron laetum). In North America,

the most common 1s the Organ Pipe

the

Mud-dauber (Tiypoxylon politum). Lik |
all mud-daubers, the females of the: |
¢

species labour alone to make DeSts, ang
leave soon after laying their eggs. T
never directly guard their offspring a5y |
social wasp would, but trust insteyqd &
the stout mud walls to protect thei /
young.

Nearly any setting will do for g /

for mud-daubers

story, are Supreme
opportunists, taking advantage of any
place that is protected from the ry,
and sun and has a ready supply of prey
and mud. In nature, mud-daubers g
generally limited to rock overhangs, by
they are quick to recognise pey
possibilities when houses, bridges ang
other man-made structures appear. A
few years ago when we built a Jog

cabin on an isolated 1.5-hectare block,

mud-daubers began making numerous !
nests before construction had even L
finished. One of the nests was made of |

a grey mud, which proved to be so
hard we could hardly break it open.
The wasp had apparently obtained her
mud from a puddle under a cement
mixer, and when her nest hardened it
was literally concrete!

Mud-dauber nests are the cumulative
effort of a great many trips during
which the female collects mud with
her jaws and gathers it into a pellet,
sometimes as  large as  her head
Hoisting the pellet in her mouth and
using her head and front legs to brace
the load, she flies back to her nest
While applying the pellets onto the
nest, she makes a distinctive buzzing
sound. We've often wondered it this
facilitates mixing or settling of the
mud, much the way a mason may finish
concrete by vibrating the surtace.

Because their young are meat-eaters,
tilling the pantry becomes a major lite
task for all mother mud-daubers. Prey
paralysed by venom injected from a
stinger are the wasp’s solution to a lack
of refrigeration. The meat stays freth
and nutritious, and the prey are unable
to thrash around or escape trom the
nest.

(Above) Bracing herself with her legs, the female
mud-dauber wasp packs a mouthful of mud onto a
new cell wall.

(Below) When she has finished, the mud-dauber
seals her nest with a mud plug, then leaves.
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Most mud-daubers catch

(although some, such as the potter

spiders

wasps that make mud jugs, specialise on
caterpillars). Each wasp species tends to
choose prey belonging to only a small
number of spider families or genera, a
fact that probably reflects the relative
local abundance of spiders. No-one
knows how a solitary wasp judges that
enough prey have been stockpiled to
nourish a hungry larva through to
maturity, but it’s clear that a judgement
1s made (see Narure Aust. Winter 2000).
A half~dozen mature spiders may be
enough at the end of the summer, but
earlier in the season when the available
spiders are small, mud-daubers must
(and do) collect many more of them.

A mud-dauber wasp cannot simply
make a mud cave and stock it with a
pile of spiders and eggs. Instead, each
?gg and its allotted prey must be placed
m a different cell separated from the
Test, for voracious mud-dauber larvae
will eat each other just as willingly as
they will eat spiders.

The labyrinth of separate cells made
by some species creates an additional
problem. When the newly matured
mud-daubers are ready to leave the
dark confines of the nest, how do they
know which way to go? A typical nest
of Sceliphron lactum, for example, will
contain four to six cells, but there can

NATURE AUSTRALIA SUMMER 2000-2001

e

be as many as 50. The new adults do
not chew out of the nest randomly, for
all the emergence holes in a nest are
made on the same side. It turns out that
when the mother wasp seals off the
completed cell, she makes a plug with a
flat or slightly convex inner surface.
The of the
concave. Some ingenious experiments

rest interior walls are
conducted many years ago showed that
a mature larva detects this difference
and turns toward it when making its
Thus, adult

develops, it is facing in the correct

cocoon. when  the
direction for a successful escape.

When a nest is complete, the female
return.

mud-dauber leaves, to

She’s done everything she can for her

never

young, and now it is up to them. Inside
the small mud fortress she has made,
eggs hatch After
consuming all the spiders in its cell, the
full-grown

her into larvae.

larva makes a protective
cocoon. It voids all the waste material
accumulated during its entire larval life
pellet, then
transforms into a limp, non-feeding
prepupa and enters a period of arrested

development called diapause. This stage

N one massive and

1S very 1mportant to survival in
Australia’s varied climates, for a prepupa
in diapause can withstand extended

periods of freezing or drought that

would kill mud-daubers at other points

A view of a mud-dauber nest from the back,
showing larvae feeding on paralysed spiders in
separate compartments.

in their life cycle. The length of time
spent as a diapausing prepupa also
determines how many generations of
mud-daubers each n
different regions. In southern Australia,

there 1s typically only one generation

occur year

per year, whereas in tropical areas there
are often several.

With the start of the wet season in
the tropics or the coming of spring in
temperate regions, prepupae transform
into true pupae. Within the relative
safety  of pupa
continues to mature, and, depending
on the temperature, becomes an adult
in two to five weeks. Then each chews
its to and seeks
flowers, where it feeds upon nectar and
mates with others of its kind. Each
female then sets about the business of
choosing a new nest site. She may
decide to nest somewhere close to the
spot where she was born, but she never
her

the cocoon, each

way freedom out

reuses the mud home that was

nursery.
Tnus GOEs THE BAsIC plot line of

our drama—a simple life cycle,
with each egg, sate i its mud cell,

a5
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giving rise to a new wasp in the next
generation. In reality, however, intrigue
and open warfare take a surprisingly
large toll. Although the mud-dauber’s
fortress

appears and

impenetrable,

Stl’()]]g

studies  of  Sceliphron

species  around  the  world  have

discovered  very  high
mortality. Andrew  Smith,
Monash

offspring
while at
Melbourne,
showed that nearly 40 per cent of the
immatures of S. lactum perish.

A diverse cast of

University 1

camp followers
begins to converge on a mud nest the
nioment construction begins. Most are
itent upon feeding upon the plump,
fenceless  mud-dauber  larvac  or
aging the stores of paralysed spiders.
ree wasps with strange names are
jor villains 1

our mud-wasp
na—wowbugs, cuckoo wasps and
t ants. Andrew Smith discovered
bugs  (Melittobia spp.) at nearly
locality he sampled in New
h Wales and  South

a

Australia;

overall they accounted for more than
20 per cent of the mortality. He found
that cuckoo wasps (Chrysis spp.) were
responsible for another 20 per cent of
mud-dauber mortality.  Interestingly,
Smith did not encounter any velvet
ants (actually a type of wingless wasp in
the family Mutillidae), although species
of Ephutomorpha have been reported to
attack other species of Australian mud
wasps.  In US  mud-dauber
populations, velvet ants in the genus
Sphaeropthalma

some

are important  mud-
dauber parasites.
black

wasps. A single female wowbug sneaks
the

Wowbugs are  diminutive
the
paralysed spiders, and waits until the
young
prepupa. (Alternatively, the female can
chew through the mud wall to gain
access to its host.) Entomologists still
don’t

into nest, hides  among

mud-dauber larva becomes a

know whether the wowbug
allows itself to be enclosed while the

larva spins its cocoon, or chews in soon

— e, A p——

The wingless female velvet antdoesn’tlook like
the wasp that she really is.

o
after the cocoon is finished. In either l
case, once inside the mud-dauber’s J
cocoon, the prolific female lays dozens l'
to hundreds of eggs on the prepupa’
skin. These quickly hatch into hungry ‘
larvae that consume the mud-dauber |
larva entirely, pupate, and mature. often
in less than The

adults chew through the mud walls to

three weeks. new

.

enter other cells and repeat their life

cycle,  thereby  building  wowbug

B —

numbers to epidemic proportions.
Like the birds from which they get
their

name, cuckoo

T P—

wasps  rely on
others to feed and house their young.
The iridescent metallic green or blue
female slips into an unattended mud-
dauber nest under construction, and
lays her own egg on once of the spiders
mside. The rapidly developing cuckoo
wasp cither devours the

larva mud-

dauber larva along with the spiders, or
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starves it to death by eating its food.
Female velvet ants are wingless, about
ten millimetres long, and have a velvety
covering of often brightly coloured
hairs. But despite their ant-like bodies,
these are not really ants but wasps. as a
glimpse of the usually much larger

wineed males would show. When a
ving ! _
femmale velvet ant finds a mud-dauber

nest, she chews through the mud wall,
nibbles a small hole in the side of the
cocoon, and deposits a single egg on
the mud-dauber pupa or prepupa
inside. Then she closes up the telltale
holes with little mud plugs. Inside the
egg hatches
immediately into a larva that quickly

devours the developing mud-dauber

cocoon,  her almost

and spins its own cocoon inside the

now-empty mud-dauber cocoon. In
this way, 1t is doubly pmtected from 1ts
own potential parasites and predators.
Curiously, in rearing several dozen
velvet ants from a US species of mud-
dauber, we obtained only males. We
speculate that the mother velvet ant 1s
somehow able to measure the size of
the host. Above some threshold size,
she deposits unfertilised eggs, which (as
in all bees, ants and wasps) develop mto
the Fertilised  eggs,

destined to become females, probably

larger males.
are laid only in hosts smaller than mud-
daubers.

While wasps practise sly deception in
our flies take more
straightforward approach: direct attack.
Two kinds of flies almost invariably lay

drama, the

siege to a mud nest construction site—
pirate flies and bee flies.
About the size of Bush Flies, pirate or

satellite  (miltogrammatine) flies  are
small and grey with alternatung lhght

and dark bands abdomens.

on their
They are well-known parasites of many
species  of solitary We have
observed them apparently attracted by

the buzzing sounds a

wasps.

female mud-
dauber makes when adding mud to her

nest. They hang around, just waiting

{Above) Like the birds from which they get their

name, cuckoo wasps rely on others to feed and
house their young.

(Below) Two female wowbugs lay eggs on a mud-
dauber larva as three more prepare to attack. To

the right, eggs laid earlier have already hatched
into larvae and begun to feed.
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for the golden moment when the mud-
dauber leaves, and then dart in to lay
their eggs.

Inside the nest, like a band of ruthless
prrates, the maggot offspring kill the
wasp egg or larva and take over the
‘treasure’—the spiders m  the cell.
Having eaten all the booty in one cell,
of 5-12 maggots somectines
tunnel from cell to cell as they grow,
plundering the contents and killing the
occupants. Finally they pupate, and the
emerging adults exit through a single
small hole chewed m the side of the
nest.

groups

Adult bee thies (Anthrax spp.) lay

numerous eggs on surfaces i the

mmediate  vicinity  of a mud nest.
Upon hatching, the tiny eel-like bee fly
maggots storm the nest walls, seeking
entry through small cracks n the
masonry. In the dark mtenor, each 1s
thought to remain in a quiet state of
suspended development, unnoticed as
the wasp larva eats its spiders and spins
a  cocoon. knows
maggot ulnmately ends up inside the
cocoon. Perhaps it attaches itself to the
feeding larva.
break

No-one how the

Alternanvely, 1t may

mto coCcoon.

the completed
Once mside 1t grows rapidly as 1t
attacks, kills and consumes the young
mud-dauber, then completes its own

development within the safety of its
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victim’s cocoon. At this pomt, 1ts

predacious  days are over. Upon
energence as a large and conspicuous
‘furry’ fly, the new adult bee fly will

feed only on pollen and nectar.

HE LINE BETWEEN parasites and
Tpredators is a blurry one in the
mud-dauber world. Wowbugs, cuckoo
wasps, velvet ants and bee flies are not
predators in the sense of organisms
such as a Lion or a preying mantis that
capture and consume a series of living
food items, each of which usually (but
with notable exceptions) is smaller than
itself.  However, neither are they
parasites in the sense of animals such as
tapeworms or fleas, organisms that
often live for an extended period on or
in a larger host without substantially
Like

cuckoo

harming or killing it nmost

parasites, wowbugs, wasps,
velvet ants and bee flies are smaller than
the larva but, like predators, they kill
and devour it. In recognition of this
unusual combination, scientists often
call them ‘parasitoids’.

Closer to true parasitism is one of the
more bizarre organisms  occasionally
found with mud-daubers, a tiny mite
the genus  Pyemotes.

(These are the so-called ‘straw itch

belonging  to
mites’; in barns where hay is stored,
they attack other species of insects, but
also readily crawl onto humans, where
they inflict irritating bites.) In the
mud-daubers straw itch mites
attach themselves to the body of a
developing larva and mmmediately
begin to swell in size. When several
mites attack at once, as usually happens,
the mud-dauber larva becomes covered

nest,

with little semi-transparent spheres in
Just three days. Each sphere is a
pregnant mite, and  she
immediately begins to produce dozens
of offspring, tiny males only at first,
followed by females. There seems to be
some antagonism between mites and

wowbugs, such that when mites invade
a cell,

female

wowbugs are  unable o

successtully attack. No-one yet knows
why or how this works.

Do mud-daubers have any |

arger
predators?  Almost certainly.  For
example, during one winter’s day in
the US, University  of Georgia

colleague  Stuart Coward observed a
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Tufted Titmouse (Parus bicolor) neatly
pecking a hole through the side .of a
mud-dauber nest to extract a juicy
yellow prepupa from within. Predation
by various other birds on mud-dauber
nests has also been reported. It seems
likely that birds learn where to peck,
and that they will eat any cell contents
they find. The holes made by birds
closely resemble the normal exit holes
chewed by emerging mud-daubers, and
so might not always be recognised for
what they are. In Australia, Steve Van
Dyck (Queensland Museum) observed
a Black Rat (Rattus rattus)

AN ABANDONED
mud-dauber nest is

like an empty
building with a ‘to
let’ sign out front,

and the price is

usually free.
systematically  cracking  open mud-
dauber nests in mid-winter and

extracting their contents (see Nature
Aust. Spring 1995).

And then there are the scavengers.
Oblivious to the outcome of the nest
little
followers go about their daily routines,

owners’ Dbattles, these camp
feasting upon whatever leftovers remain
from the feeding habits of the other
occupants. Two important scavengers
are msects we also sometimes have in
our own homes—carpet beetles and
booklice.

Carpet beetles are small, plump, oval
beetles in the family Dermestidac
whose larvae feed on plant and animal
products. They attack everything from
wool, silk and feathers to waxes, meat
and dried insect specimens. A mud-
dauber nest collected at the end of the

nesting season will almost always have

evidence of carpet beetle infestation

Most commonly encountered are the I

bristle-covered skins that the begy,
larvae discard as they grow.

Booklice, also called “psocids’, oftey,
resemble plant lice (aphids) in genep,
appearance. They are so small and
inconspicuous that most people neye,
them. Their Name
comes from a habit of feeding on the

notice common

paste and paper ot seldom-used boks.

Outdoors, most booklice feed o

fungi, algae, dead plant tissues, and the
feathers and other waste matenals
found in bird nests. However, if yoy
very may find

booklice in older cells of mud-dauber

look closely, you

nests.

‘X JHEN THE DRAMA m the mud-
dauber nursery is over, and the
primary cast has left the scene, the
stage seldom stands empty for long. An
abandoned mud-dauber nest is like an
empty building with a ‘“to let’ sign out
front, and the price is usually free. Not
surprisingly, many other species of
wasps and bees reuse old cells to raise
their own young. lan Naumann from
CSIRO

difterent

the documented some 43

species  of secondary nest
renters in Sceliphron nests in Kakadu,
Northern Territory.

In the process of subletting, some
Interesting  renovations  are  made.
Solitary bees may construct waxy walls,
subdividing a cell into one to five
rooms. Sometimes they use pieces of
the discarded mud-dauber cocoon as
parts of the walls. Smaller wasp species
may line an old Seeliphron pupal case
with fine mud and reuse it. Others
clean house—they brush old rubbish,
spider legs, and other debris into the
back the

possible, and wall them up behind a

corner, as far n cell as
partition of mud or silk.

One of the more intriguing of these
wasps 15 the silk wasp Arpactophilus
mimi. Upon finding a vacant mud nest,
a group of 2—12 females and males sets
up housekeeping. One might say that
silk wasps are wiser to the worlds ways
than are mud-daubers, for silk wasps
always post a guard at the nest entrance.
Moreover, they do not leave thelr
unattended,  but medc’

extended parental care. As the larvae

larvac
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grow, the adults repeatedly return with
progressively more food (tiny plant-
feeding psyllids). This strategy of high
parental investment pays off—unlike
the silk
oftspring survive. Only one species of

Sceliphron,  most  of wasp’s
parasite has been found to successfully
attack This  lone
intruder  (a the
Megalyridae) dnlls through the mud

fortress from the outside with its long

their  offspring,.

wasp  in tamily

thread-like ovipositor, but it has a low
success rate, inflicting less than five per
cent mortality.

Does our mud-dauber drama have a
moral? If so, perhaps it 1s this. As in
other animals, wasp parenthood can be
approached in many ways, and no onc
15 more or less successful i the
evolutionary sense. One tactic 1s to lay
many eggs and leave them to fend for
themselves.  Wowbugs perhaps  best
exemphfy this strategy. A single
wowbug female can produce about 700
oftspring on one mud-dauber host, but
nearly all perish without reproducing.
Another tactic 1s to raise relatively few
young
everything possible to ensure their
survival. This is the silk wasp strategy.

Somewhere between these extremes

quite mtensively, doing
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15 the mud-dauber. While a mud nest
represents a large parental effort, it also
presents an obvious target for potential
enemies. Rather
defending the nest, mud-daubers trust

than staying and
their luck and move on. There’s an old
jingle that says, “He who fights and
runs away, lives to fight another day”.
By being quick to colonise newly
available nest sites, mud-daubers often
manage to stay one step ahead of their
enemies, continually escaping them in

time and space.
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OST ANIMALS ARL
either male or
. . female and remain
that way for life. But things are not
always so simple for coral-reef fishes.
An mdividual may start life as one sex,
then transtorm to the opposite sex at
some stage during its life. Others can
also function as both male and female at
the same time. Although sex change in
fishes has long been recognised, it was
previously thought that individuals
could change sex only once n a life-
time. Recent discoveries, however,
have shown that some fish can change
sex (or shift sexual tunction) more than
once.

Over 350 fish species have been
reported to function as both male and
female at the same time (simultaneous

hermaphrodites) or to change sex some
ume during their lives. Sex change can
occur from female to male (called pro-

togyny) or from male to female
(protandry). Protogyny is the most
common pattern of sex change among
coral-reef fishes and is known trom
many groups, ncluding the wrasses
(Labndae), (Scaridae),
groupers (Serranidae) and damselfishes
(Pomacentridae). In these species, large

males are able to monopolise breeding

parrotfishes

opportunities with numerous females,
either by defending a harem or by
defending breeding sites that females
visit. By monopolising most of the
breeding opportunities, these large
males are reproductively very successtul.
In contrast, small males have few
opportunities to mate and, consequent-
ly, have a much lower reproductive suc-
cess. Females can always find a mate,
and therefore will typically have higher
reproductive success than small males.
However, the reproductive success of

large temales 1s not as high as for large

males. Therefore, an individug cn
increase its lifetime reproductive sUCCess
by first being a female and then chang.
ing sex after it reaches a large size,

In many protogynous species, 4|l
juvenile fish are females, which firs
mature into adult temales and may Jater
turn into males. However, in certain
groups, such as the wrasses and parrot-
fishes, some of the juveniles are males
and these mature directly into adult
males. These are called primary males
and they are usually smaller than males
that have changed sex trom a female
(secondary males). Primary males often
have the general appearance and colour
of females rather than of secondary
males. In this disguise, they are able to
mix with the females and may attempt
to directly fertilise their eggs. Alterna-
tively, they may ‘cut in” on a large sec-
ondary male, racing up to the breeding
pair at the moment of spawning and
releasing a large batch of sperm. This
behaviour 1s called ‘streaking’, for obvi-
ous reasons.

The proportion of primary males in a
population is often related to the pop-
ulation’s density. Robert Warner (Uni-
versity of California, Santa Barbara) and
colleagues found that primary males of
the Caribbean Bluehead Wrasse (Tha-
lassoma bifasciatum) were more numer-
ous when population density was high.
At high densities the large secondary

males could not adequately defend all

the females and, therefore, primary
males had a much higher chance ot
mating. In contrast, in areas where

(Left) Male damselfishes, such as these Reticula
ed Dascyllus (Dascyllus reticulatus), often defend
a harem of females. If the male is removed, the
largest female changes sex to take his place:

(Right) In pairs of anemonefishes, like this Pink
Anemonefish (Amphiprion perideraion), the 1ar9€’
individual is female. If she is removed, the mal€
will change sex to female and a juvenile
anemonefish will quickly mature to take the
male’s place.
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population density was low, the large
males were able to control the matings
with most of the females and theretore
Imited the matng opportumties  tor
primary males.

The opposite pattern ot sex change,
protandry (male to temale), 15 best

known anemonetishes

among  the
(Amphiprion spp.). Small social groups of
these fishes live in close association with
sea anemones, trom which they derive
shelter. The largest individual m the
aroup 1s a temale and the next largest is
a male. These two mmdividuals tform a
breeding pair and any other mdividuals
living m the anemone are 1immature
males. It the breeding male dies, the
largest mmature fish rapidly matures to
take his place. It the female dies or 1
removed, the breeding male changes sex
to temale and the largest immature fish

matures mto the new adult male. A

IF THE MALE
is removed, or
females are placed
together in
an aquarium,
the largest female
will quickly change
sex to male.

female benefits  from large

being
because she can produce more eggs. A
simall male, however, can fertilise all the
eges of a larger female, so there is no
need for him to be large. Sex change is
advantageous n anemonefishes because
anemones are usually too sparsely dis-
tributed for an mdividual fish to find a
new mate 1f its partner dies. Indeed, in
areas where anemones occur in relative-
ly high densities, some anemonetish
species will move among anemones to
search for a new parter, rather than
changing sex.

Sex change appears to be socially
controlled m most fishes. In protogy-
nous (female to male) fishes such as the

54

wrasses and many the

presence of a large, dommant male

damselfishes,

maintains the sex of females. It the male
15 removed, or females are placed
together m an aquarium, the largest
temale will quickly change sex to male.
Changing trom one sex to another can
take a tew weeks or even months,
depending on the species and environ-
mental conditions.

IN SOME SPECIES, the number of males
and females in the social group 1§
strictly controlled. For example, schools
of Scaletin  Anthias  (Pseudanthias
squantipinnis), which fteed on plankton
above the reef, consist of a certain num-
ber of males and a much larger numbc"f
of temales. If one or more males 1
removed trom the group, an e‘l“;ll

number of females will change sex t©

NATURE AUSTRAIIA SUMMER 2000-2001
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male. Social mfluences
the early stages of sexual determination
m some species. For example, in the
freshwater Midas Cichlid (Cichlasoma

atrinellum) the sex of an adult is deter-

structure also

mined by the social conditions experi-
enced as a juvenile. All Midas Cichlids
are born female, however carly in life
the largest individuals in each clutch
become juvenile males. Richard Francis

NA -
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and George Barlow (University of Cal-
ifornia, Berkeley) showed that all indi-
viduals in the clutch had the potential
to become males, but the smaller indi-
viduals stayed female because of the
presence of larger fish in the clutch. Sex
change before maturity has also been
reported in some ancmonefishes, wrass-
es and angelfishes (Pomacanthidae).

Sex change is thought to have evolved

In the Scalefin Anthias (Pseudoanthias
squamipinnis), sex change from female to male
is accompanied by a change of colour from
orange to purple.
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o number of separate times and 1s now

1y many ditferent families of fish.
nilies, all the species have the
in other

found
In some fai '
same pattern of sex allocation: :
families a wide range of sex-allocation
patterns are found. For example, ;lmoné_r,
the gobies, which make up the \vo‘rlds
largest family of marine fishes (the Gob-
iidae), some species have fixed sexes,
others are simultaneous hermaphro-
dites, others are protogynous (female to
male) sex changers, and there are still
others that can change sex in both
directions (bi-directional sex changers).
This ability to change sex in both direc-
tions has only recently been detected
and it appears to have two basic forms.
Some gobies, such as the tiny Orange-
red Goby (Trimma okinawae), maintain
both male and female tissue in their
gonads (reproductive organs), but they
function as only one sex at a time. Sex
change can occur within a tew days,
simply by ‘switching on’ the mactive
section of the gonad and ‘turning oft”
the functioning section, thereby re-allo-
cating sexual function. Coral-dwelling
gobies from the genera Gobiodon and
Paragobiodon, on the other hand, are
complete sex changers. Sex change
takes a few weeks in these fishes because

P EE———T

SEX CHANGE GAN
occur within
a few days, simply
by ‘switching on’
the inactive section
of the gonad and
‘turning off” the
functioning section.

the entire gonad changes from female to
male, or vice versa.
coral-

WO-WAY SEX CHANGE 1n

dwelling gobies was first reported
by researchers working on the Redhead
Goby  (Paragobiodon echinocephalus) in
Japan. My research on the Broad-barred
Goby (Gobiodon histrio) in the Great
Barrier Reef has shown that bi-direc-
tional sex change also occurs in Aus-
tralian waters and points to some of the

advantages of two-way sex change in

coral-dwelling gobies. 1 first became
interested in the reproductive bio]ogy of
these coral gobies while studying their
habitat use. This small fish, with 3 Max-
imum length of less than six centime.
tres, lives deep among the branches of
coral colontes belonging to the genus
Acropora. Usually only a single pair of
gobies is found in each of these cop
colonies and they rarely leave the safety
of the coral. This pattern of habitat yse
and social structure is similar to the
anemonefishes, therefore I expected the
gobies to have the same pattern of sex
change (male to female). However,
when I examined the size range of
males and females in a population g
Lizard Island, it appeared that they were
more likely to be protogynous (female
to male sex changers). All the juveniles
and small individuals were females, and
males were only found in the larger size
classes. This suggested that males were
derived from individuals that were orig-
inally temales. However, several features

of the population structure did not con-

The coral-dwelling Broad-barred Goby has the
ability to reallocate sexual function from female
to male and vice versa, depending on the sex of a
potential partner.
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form to the general pattern for protog-

First,
species usually have fewer adult males

ynous  species. protogynous
than adult females in the population, yet
the Broad-barred Gobies had equal
numbers of adult males and females in
the population and they hved as appar-
ently monogamous pairs. Second, in
protogynous species, secondary males
are usually larger than females. The
Broad-barred Gobies, however, showed
no difference in the average size of adult
males and females, and individuals in
each breeding pair were usually the
same size. These social patterns, in con-
Junction with preliminary examination
of'the structure of their gonads, indicat-
ed that something unusual was occur-
ring with the reproductive biology of
these gobies.

The best way to determie the sex-
change characteristics of a species is to
manipulate the social structure and see if
some individuals change sex. Luckily
for goby researchers, it is possible to
determine the functional sex of an indi-
vidual from the size and shape of the

NATURE AUSTRALIA SUMMER 2000-2001

genital papilla—an external extension
of the reproductive tract, which for
many goby species 1s long and conical in
males and in females is short and broad,
often with a feathery tip. (Apart from
the genital papilla, males and females of
this species look identical.) 1 collected
adult pairs  of Broad-barred Gobies,
sexed them by the shape of their papil-
lae, and then reassorted them into pairs
of males and pairs of females. In order
to individually 1dentity each fish, | also
mjected them with a tiny wire tag (0.5
millimetre long), engraved with a code
that could be read under a microscope.
I then placed male—male pairs and
female—female pairs on coral colonies
that I had previously cleared of gobies,
and returned to the reef one month
later to collect all the fish that remained.
By examining the structure of the
gonads of the remaining fish, I was able
to determine if they were changing sex
and m which direction.

In most cases where a pair of females
was placed on a conl, one of the
temales changed sex to male. In con-

In many coral-reef fishes, like this Cheeklined
Maori Wrasse (Cheilinus diagrammus), the
presence of a large male prevents sex change
among females in the social group.

trast, in most cases where two males
were placed on a coral, one of the males
left the coral and was replaced by a
female from outside the study popula-
tion. However, in two instances, one of
the males changed sex to temale,
demonstrating that this goby species has
the capability of changing sex m both
directions and will do so m the wild.
Overall, sex change from female to male
occurred about twice as often as sex
change from male to female. A similar
pattern was described for the Redhead
n Theretore, coral-

Goby

dwelling gobies can change sex in either

Japan.

direcction, but they dont do it with
equal frequency.

‘X THAT ADVANTAGE 1S THERE to
changing sex i both directions?
The advantage of sex change in coral-

reef fishes is usually explained in terms
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of social structure and mating systems,
as described above. However, patterns
of habitat use may also be important in
explaining sex change n fishes, such as
anemonefishes and coral-dwelling gob-
1es, that have unique habitat associa-
tions. Because only a single pair of
Broad-barred Gobies inhabits a coral
colony, an individual would need to
move among coral colonies to reform a
breeding pair in the event ot mate loss
or the host corals death. Movement
among corals 1s likely to imvolve consid-
erable risk of predation for these small
fish. Also,
already occupied by a pair of gobies that

most coral colonies are
will defend their coral against imtruders.
The ability to change sex i either
direction would enable an mdividual to
pair up with the first ‘unattached’ mdi-
vidual it comes across regardless of its
sex, thereby reducing the search dis-
tance and associated risks.

One puzzling aspect 1s why more
female Broad-barred Gobies turn mto
males rather than vice versa. At this stage,
it 1s not really clear, however sex change
does incur costs m terms of the energy
needed to reorganise gonadal tissue and
lost mating opportunities  during or
after transition. Theretore, the frequen-

Schools of anthias, like these Scalefin Anthias,
can have a fixed number of males living with a
much larger number of females. If a male is
removed, one of the females changes sex to male.

NATURE AUSTRALIA SUMMER 2000-200 1

cy of sex change in each direction may
be determined by the relative costs and
benetits to each sex. Perhaps there are
greater energetic or ecological costs to
changing from male to female. Alterna-
tively, the ability to change sex from
male to female might be restricted to
certain stages of development. These
questions will be the focus of my future
research.

The variation and complexity m pat-
terns of sex change observed in fishes is
unrivalled among other vertebrates.
The recent discovery of bi-directional
sex change adds to this complexity and
highlights the flexible patterns of sex
change that fish can possess. It also pro-
vides a unique opportunity to study the
costs and benefits ot different reproduc-
tive strategies. Usually, the costs and
benefits of sex change from female to
male versus male to female have to be
studied m different species of fish. Using
coral-dwelling gobies, 1t will now be

possible to make direct comparisons ot

the difterent forms of sex change with-

m the one species.
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EPTILES ARE COLD-
blooded, creepy
creatures—or  so
sonme people
think.
what these same

think

Imagine

people
when they find out I'm interested in,
and actually gain employment studying,
the enfants terrible of the Reptilia—croc-
odiles. Many think that to have an
mterest m these animals beyond shoot-
g them is sheer lunacy. But why 1s 1t
that reptiles m general, and crocodiles
in particular, elicit such a strong nega-
tive response in people? Apart from the
obvious fear people have of crocodiles,
I think that the perceived ‘coldness’ of
reptiles, which goes hand in hand with
sliminess’, has a lot to do with it. Of

Crocodiles undergo an enormous deve
Saltwat r.Crocodiles. to well over a to
archf)saurlan ancestry, makes them ve
physiology of dinosaurs.

couwrse, anyone who has touched lizards,
snakes, crocodiles and other reptiles
knows they are often very warm and
not at all shimy; indeed, if vertebrate life
forms were to be judged by their
‘warm-bloodedness’, desert lizards
would be at the top with body temper-
atures often well above 40° C.

It 1s clear then, that the body temper-
atures (or thermal physiology) of verte-
brates have to be viewed within a con-
ceptual framework that does not
include the rather meaningless and
anthropomorphic terms ‘cold-" and
‘warm-bloodedness’. In my opinion, it
15 useful to view the thermal physiology
of animals in terms of energy exchange,
or thermodynamics. The two main
‘Laws of Thermodynamics’ state that
neither be created nor

energy can

lopmental size range from 100 grams or less, li i

: . like these hatchlin
nne or two in the largest individuals. This, along with their )
1y good model animals to learn about the possible thermal

destroyed, only exchanged; and th"?t
energy will dissipate unless an cffort 18
made to keep it. So if we, and all othe?
animals, are viewed as high-energy $y%
tems, we have to maintain this high-
energy state by constantly gaining €net”
gy from the environment via tood, fOF
example, otherwise our bodies would
spontancously disintegrate into oW
cnergy assemblages of atoms and hite

1
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would ceqse.

Similar reasoning can be applied to
thtl* regulation of body temperature in
anmals. Most animals, mcluding mam-
mals and reptiles, try to maintain body
Cmperature  within fairly narrow
rnge (for humans this is within 1° C)
dCSPltC much  greater fluctuations in
nvironmental temperatures. To do so

ICqUIres weorl -
quires work and exchange of energy,

NAT 5
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There are two principle ways in which
animals go about this: either by passive

exchange of heat (energy) with cheir

physical environment, for example by
basking m the sun, or by the energeti-

cally costly metabolic breakdown of

food. Animals that do it the first way
are known as ectothernns and include
reptiles and amphibians; those that do it
the second way, such as mammals and

A Freshwater Crocodile enters the water after
basking. Its body temperature is now high enough
to perform non-thermoregulatory behaviour such
as feeding and socialising.
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birds, are called endotherms.  Note,
however,  that  ectothermy and
endothermy are not mutually exclusive,
because all animals eat and digest food,
and all animals live in a physical envi-
onment with which they exchange
heat encrgy.

Crocodiles are particularly interesting
in their thermoregulation, because of
their extreme developmental size range.
from a hatchling of 0.1 kilogram or less
to a large adult of 1,000 kilograms or
more. In my research, 1 am particularly
concerned with the way body mass
influences heat exchange between
ectothermic animals and their environ-
ment. Large bodies can store more heat
than small bodies, like a large bucket
can hold more water than a small one.
Also, because larger bodies have rela-
tively less surface area than smaller bod-
1es, large ammals heat and cool more
slowly than small ones. This could

imply that very large ectotherms have

—->—

stable body temperatures because they
do not respond to short-term fluctua-
tions in environmental temperature. As
we shall see below, large Saltwater
Crocodiles can indeed have high and
stable body temperatures, which are
endothermic
cctothermic

reminiscent  of
of small

more
mammals than

lizards.

VER THE PAST FEW YEARS | have
been working with Gordon Grigg
at the University of Queensland on the
of both Freshwater

thermal relations

and Saltwater Crocodiles  (Crocodylus

Jolmstoni and C. porosus). Typically dur-

ing these studies, [ spend scveral weeks
camping in the bush of Cape York
Penmsula, monitoring the behaviour
and body temperature of crocodiles, as
well as environmental conditions. Body
temperature is measured with tempera-
ture-sensitive radio-transmitters. These
transmitters emit a radio signal whose

NATURE AUSTRALIA SUMMER 2000~

rulse rate changes wi
8 & ith the tt‘mpemtum

”Jnsmjtter

a ;1V1[y [C]ls
me the body temperature of the aninyy| )

I studied the smaller Freshwater Ciio
; o ¢ -TOCe.
diles (ranging in body mass from 23
| . Sto
20 kilograms) in a perm

of the transmitter, so that a ¢
located in a crocodile’s body ¢

‘ L anent strean in
the Gulf of Carpentaria country. Byg
. . ’ 0
get the transmitters into the anim

X als, we
first had to catch the crocodiles. We dig
this by setting nets in the water 'lrid
then jumping in ourselves and Ch‘u;ln
the crocodiles mto the nets with‘big
sticks—‘we’ refers to friends alwaysT
keen to lend®a hand, Pi"'fic‘ular]y
Andrew Denms who rarely missed 5
field wrip. After catching them, | surgi-

cally implanted the transmitters and

Large Saltwater Crocodiles are well within the [
size range of medium-sized dinosaurs. Even this
relatively small female shown here guarding her
eggs from predators would be about the same
weight as a small dinosaur (100-200 kilograms).
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marked the animals on their backs so
that [ could easily identify individuals. I
then released them within 24 hours,
waited a few days for the crocodiles to
recover, and sat on top of a rocky out-
crop bordering the river for several
weeks, recording their behaviour and
body temperatures every few minutes
during daylight hours.

It turned out that the pattern of body
temperatures for Freshwater Crocodiles
was very much like that for small terres-
trial lizards. Crocodiles moved, or shut-
tled, between sunbaking on land and
cooling off in water, 1n a similar way
that lizards have been reported to shut-
tle between sun and shade on land.
Henct?, on a typical day, basking in the
mornng caused body temperature to
rse from water temperature (as low as
13'“14° C) to between 29 and 32° C.
With frequent shuttling between land
and water, body temperature was then
egulated within this preferred range

untj i i
‘ til sunset, when crocodiles remained
I the stream

and their body tempera-
ture ’ P

dropped to that of the surrounding

NAT
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| SPEND SEVERAL WEEKS
camping in the bush
of Cape York
Peninsula,
monitoring the
behaviour and body
temperature of
crocodiles.

water overnight. Interestingly, the
number of times Freshwater Crocodiles
shuttled between basking and the water
during the day decreased with increas-
ing body mass, so that a 2.5-kilogram
crocodile basked four to five times a
day, while a 20-kilogram crocodile
would bask only twice. The reason for
this, as mentioned above, is that the rate

of heat transfer between the body inte-

Catching Freshwater Crocodiles in northern
Queensland. Nets are set to section off parts of
the waterhole and crocodiles, which often sink to
the bottom when disturbed, are chased into the
nets with sticks. In the photo, Andrew Dennis is
feeding the net out of the boat, while the author
makes sure that the weighted bottom of the net
sits snugly on the bottom of the waterhole.

rior and the environment decreases
with body mass. One could therefore
expect that, as crocodiles grow heavier,
they would reach a point at which shut-
tling behaviour becomes ineflectual for
thermoregulation, because body tem-
perature would respond too slowly to
changes in the thermal environment.
With this question of how very large
crocodiles regulate their body tempera-
ture in mind, Gordon Grigg initiated a
study on Saltwater
Edward River Crocodile Farm, about
half way up the west coast of Cape York

Peninsula, to which he invited me as a

Crocodiles at

collaborator.

Qur study site—a big natural lagoon
(25 hectares) enclosed by a heavy wire
fence—served as the main breeding
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enclosure for the farm. The crocodiles
are mainly left to their own devices
within the lagoon, except for the once-
yearly egg harvest. Here we studied 11
crocodiles ranging m mass trom 32 to
1,010 kilograms. Agam, we used tem-
perature-sensitive  transmitters  but,
rather than catching the crocodiles,
Gordon suggested we nsert transmitters
mto dead chickens and then feed these
to the crocodiles. This worked reason-
ably well, as the transmitters resembled
rocks, which crocodiles keep m their
stomachs; these gastroliths, as they are
known, are thought to aid in buoyancy
or the breakdown of food. The croco-

diles eventually regurgitated the trans-
mitters, but we managed to obtain data
from each crocodile for periods ot 3-30
days in summer and winter. Working
with Saltwater Crocodiles 1s quite dit-
ferent trom working with the relatively
harmless Freshies, and most of the data
collection was done trom the safety of
my battered old Toyota Landcruiser,
except on occasions when the large
mass of some of the crocodiles reduced
the range of the transmitter signals so
that I, rather foolishly, had to approach
the animals on foot to obtan a signal.
The results of this study, the tirst of its
kind from

very large ftree-ranging

ectotherms, showed what we SUSPCC&?d
from the Freshwater Crocodile data:
animals as small as 32 kilograms, body
fluctuated sinusoidally

within a period of one day but, as body

tt‘lllPCl';ltU re

mass increased, daily body temperati
became more stable. Hence, the largest
of our study animals (1,010 Kilograms)
had a high and stable body temperti™
during the day. For the first time.
demonstrated what scientists had sU%

we

pected for many years; namely, that very
Ve

large ectotherms can be warm and hav

n-;lditiOlml’_

a stable body temperature :
0

ly believed to be a characteristic
endotherms only—even in the absence

3 . )
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WORKING WITH SALTWATER CROCODILES IS DIFFERENT
from working with the relatively harmless
Fresliies, and most of the data collection was done
from the safety of my battered Toyota Landcruiser.

longer periods of time, between day
and nightand between seasons. In win-
ter Saltwater Crocodiles would be part-

course, a number of ecological conno-
tations. ‘Warm’ animals, be they

ectotherms or endotherms, have higher
ly submerged in water with most of metabolic rates and are more active

their body exposed to sun during the than ‘cold” animals. Traditionally,
day, but remain fully submerged at northern hemisphere palacontologists
night; in summer they remained sub- in the 19th century saw dinosaurs as
merged 1 water during the day, but sluggish, ‘cold-blooded’ creatures—
moved onto land at night. much like a lizard in a London winter,
[ suspect. This view was challenged by,
OwW THAT WE KNEW the body among others, Robert Bakker (now at
Ntempemture of the largest living the Glenrock Paleontological Museum
ectotherms, we wondered about even in Wyoming) in the 1970s who made
larger  possible  ectotherms, the many impassioned pleas for dinosaurs
dinosaurs. The thermal physiology of being endothermic. Most scientists
dinosaurs has fascinated scientists for agree nowadays that dinosaurs must
100 years. The Dinosauria were a have been more athletic than imagined
hugely successtul group of animals, liv- in the 19th century, moving large dis-
ing from 220 to 65 million years ago tances and actively foraging and hunt-
and exhibiting an incredible diversity in  ng, but their thermal relations are as
form and size (0.5-50,000 kilograms). Y€t unresolved.
This success and diversity of dinosaurs
has sparked many speculations and

. . The author sits on the top of a rocky outcrop in
arguments about their thermal physiol-

order to collect body-temperature and behavioural
ogy, particula rly n regard to whether data from Freshwater Crocodi_les. The Yvaterhole
they were ‘warm blooded’ or ‘cold containing l_he study ammals' is to _the right at the
! bottom of this 20-30-metre-high cliff, and the
animals, which are paint-marked on their hacI.(s,
These thermal considerations have, of  could be observed easily from this vantage point.

blooded’, ectotherms or endotherms.

The large size of Saltwater Crocodiles makes them
difficuit to catch for the surgical implantation of
temperature-sensitive transmitters. Instead, we
sewed the transmitters into dead chickens and fed
these to the crocodiles. The transmitters resemble
stomach stones (gastroliths), which crocodiles
swallow to aid digestion. This trick worked well,
and crocodiles retained the transmitters in their
stomachs for up to several months.

of high, mammal-like metabolic rates.
Also, the daily patterns of behaviour

I were quite different in Saltwater Croco-
diles compared to Freshies. Although
we no longer observed the lzard-hke
shuttling behaviour, large Salties did
change their behavioural patterns over s
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JOVIN LOING.

CROCODILES AND DINOSAURS EVOLVED FROM A COMMON
ancestral group, the Archosauria, and they roamed
the Earth together for millions of yeats.

Saltwater Crocodiles are good model
organisms for thinking about dinosaurs,
not only because of their great maxi-
mum size and their great size range, but
also because crocodiles and dinosaurs
evolved from ancestral
group, the Archosauria (which, inci-
dentally, also includes the birds), and
they roamed the Earth together for mil-
lions of years. In the past, researchers
have compared the thermal physiology
of the Leatherback Turtle (Dermochelys
coriacea) to that of dinosaurs (see Nature
Aust. Autumn  1992). Their data
showed that these turtles may have
slightly higher metabolic rates than
those of other reptiles, and they sur-
mised that the turtles’ body tempera-
tures may be considerably warmer than
the surrounding water as a result of
their large body size, and the use of
peripheral tissues as insulation. The
problem with turtles is that not only are
they taxonomically quite different from
dinosaurs, there are also barely any data
documenting body temperatures of
Leatherback Turtles, let alone temporal
patterns of body temperature, in a large
size range of free-ranging individuals.

In order to get an insight into the
possible thermal relations of dinosaurs, |
developed a mathematical model pre-

a4 common

dicting body temperatures of large
ectotherms, based on what we now
knew of the temperature patterns of
crocodiles. The model involved calcula-
tions of environmental conditions at the
animal’s surface, which are determined
by climatic factors, animal mass, as well
as by behavioural postures, particularly
with respect to relative proportions of
surface area exposed to sun and shade,
in water and on land. Once I calculated
surface conditions, I used mathematical
equations to determine heat transfer
between the surface and the centre of
the animal, which made predictions of
body temperature possible. | tested the
validity of the mathematical calculations
by looking at how well I was able to
predict the data measured in crocodiles
in the field, and | found that the model
worked extremely well. Encouraged by
this, 1 proceeded to tackle dinosaurs.
The principle question | wanted to
answer was: could dinosaurs have had
high and stable body temperatures
(warmer than 30° C and with daily
fluctuations less that 4° C) had they
been simple ectotherms relying on
behavioural thermoregulation like croc-
odiles?

I started out by searching the litera-
ture and perusing descriptions of over

Dinosaurs were incredibly diverse.
Compsognathus weighed only 35 kilogramg and
belonged to the phylogenetic group that yitin,

. at
gave rise to the birds. ely

700 dinosaur fossils from over 32() gen-
era ranging in size from 0.5 to 50,000
kilograms, for which I then predicteq
body temperatures. | also consulted the
literature to learn about the climate
during the time of the dinosaurs, and
placed each fossil at its correct palaco-
latitude and climate.

Quite to my surprise, I found that
most dinosaurs (about &) per cent of
the fossils I looked at) could indeed
have had body temperatures of 3(° ¢
or warmer, even at the coldest time of
the year, had they been simple croco-
dile-like ectotherms. Of those ‘warm’
dinosaurs, about half would have had a
‘stable’ body temperature, while the
other half would have fluctuated by
more than 4° C daily. According to ny
calculations, it would only have been
small dinosaurs (less than 200 kilo-
grams) living at mid to high latitudes
(over 45-50°) that would have been
cold in winter (body temperature less
than 20° C) by modern reptilian stan-
dards.

Pat Vickers-Rich (Monash Universi-
ty) and Tom Rich (Museum of Victo-
ria) described several small
ornithopod dinosaurs and a medium-
sized theropod that lived in high-lau-
tude southern Victoria in the Early
Cretaceous (135-95 million years ago).
It is tempting to speculate that these

have

dinosaurs evolved physiological adapta-
tions, such as high metabolic heat pro-
duction typical of modern endotherms,
to avoid the potential disadvantages £
low winter body temperatures. Howev-
er, great care has to be taken “"he“
drawing conclusions about the PhYS_IOI'
ogy of extinct animals from fossils. Sim-
ply finding fossils in what may have
been cool climates does not say much
about their thermal physiology, because
there are a number of strategies, such as
winter dormancy and migration, tha"
animals could have employed to escape
winter cold and darkness. Besides, esti-
mates of palaeoclimate vary consider-
ably, and there are conflicting opinions
about what the climate of southern
Australia was like in the Early Cretd”
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ceous. 1t 18 intriguing, though, that fos-
sils of crocodiles were found alongside
these dinosaurs, which indicates that the
climate was such that typical ectotherms
were well able to survive n it.

Recent discoveries of teather-like
structures on fossils from small dinosaurs
that lived at mid to high palacolatitudes
indicate that at least some dinosaurs may
have had the prerequisite thermal insu-
lation for an endotherm-like physiolog-
ical make-up. Incidentally, these ‘teath-
ered’ dinosaurs were coelurosaurs, a
phylogenetic branch that is assumed to
have led to modern birds. In any case,
most dinosaurs, particularly larger ones
(over 1,000 kilograms) that lived at lati-
tudes up to 145-50°, could have been
warm ectotherms and, probably, even
had stable body temperatures, so there is

no need to invoke endothermy to

Sauropods, like this 12-metre-long Australian
Rhoetosaurus, were the largest of the dinosaurs.
Some sauropods may have weighed 50 tonnes
and grown up to 40 metres in length.

explam high activity levels in  those
dinosaurs.

However, despite the good experi-
mental data outlined above, 1 have
already experienced how emotional
some people are about the thermal rela-
tions ot dinosaurs, and anonymous
emails have informed me in no uncer-
tain terms that my conclusions are all
wrong. | suspect that the question of
dinosaur thermal relations will only be
laid to rest once cryptobiologists find an
extant dinosaur population 1 central
Africa, and until then it may be safer to

stick to crocodiles.

FURTHER READING

Colbert, E.H, Cowles, R.B. & Bogert,
C.M., 1946, Temperature tolerances in the
American alligator and their bearing on the
habits, evolution and extinction of dinosaurs.
Bull.  Amer. Mus. Nat. Hist. 86:
329-373.

Reid, R.E.H., 1996. Dinosaurian physi-

ology: the case for ‘intermediate’ dinosaurs.

Pp. 449—473 in The complete dinosaur,
ed. by JO. Fadow and M.K. Brett-Sur-
man. Indiana University Press: Blooming-
ton, Indiana.

Seebacher, E, 1999. Behavioural postures
and the rate of body temperature change in
wild ~ freslwater  crocodiles, Crocodylus
johnstoni. Physiol. Biochem. Zool. 72:

57-63.

Seebacher, F, Grigg, G.C. & Beard, L.A.,
1999. Crocodiles as dinosaurs: behavioural
thermoregulation in very large cctotherms
leads to high and stable body temperatures. ).
Exp. Biol. 202: 77-86.

DR FRANK SEEBACHER IS A POST-
DOCTORAL RESEARCHER IN THE
IDEPARTMENT OF ZOOLOGY AND
ENTOMOLOGY, UNIVERSITY OF
QUEENSLAND. HIS RESEARCH FOCUSES
ON THE THERMAL RELATIONS OF
VERTEBRATES, AND BIOPHYSICAL
MODELLING OF HEAT TRANSFER IN
ANIMALS.
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Scarab beetle on a bottlebrush.
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Gippsland Water Dragon (Physignathus lesueurii howittii).

caught in the AGT

BY MICHAEL MACONACHIE
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Frosted reeds.
|
Eastern Grey Kangaroo (Macropus giganteus).
12
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Sulphur-crested Cockatoo (Cacatua galerita).
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Garden Wolf Spider (Lycosa godeffroyi).
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reviews !

ia's Fi atural Historian
Willi ier i Holland: Australia’s First N
illiam Dampier in New ! it
By Alex S. George. Bloomings Booles, 1ic., 1999, 192pp. $39.95rp.

HIS DELIGHTEUL BOOK GIVES a brief biography O_F \x%l]lh““l” ]i‘“f]‘}?“;]" ?‘”_d discuge

* Tthc two voyages that took him to Wcsterg Austi J]hl:‘ jt :1(.)01-]( nf y 4(11?([15888 the
slants and animals he saw, collected or mentioned n his t;lVL s lere llj 4 strong by
t()(\\r"\;*(is the flora he observed. This 1s PI‘()bllle due. to the 24 ef\t‘m_t C(?l CCHOns hougeq
at F‘icl.ding-l)ruce Herbarium at Oxford University, :‘]()]]g with illustrations used o

oot ;lescribc the first Australian plants by Pukenet (]7()3) ;md-l{ny (1704), 1‘f’d to the
A author’s expertise in being one ot Austm]ia’s: P]‘O““”f’”t botnmsfs. T)he collections ﬂrff of
a very high quality and are as scientihcally informative as ‘1141)-/ Lf)ll?ft“{‘_}?‘?rff?1(()llecr10§.

The animals and marine life that Dampier encountered are also discussed but their

William Dampier
in New Holland

treatment is not nearly as exhaustive as the botany. e . |
Accompanying the text are beautifully presented photos of ‘1]1]}11?15 specimens,
illustrations and contemporary photos of the places he visited in Australia, and most of
ALEX S. GEORGE . . ]
the plants and animals. A ' - e
Alex George completes the book by discussing geographical and scientific .elzktltles that
: ¢ ‘ ighlights, ten  corrects, information
commemorate Dampier. An appendix highlights, and often corrects, in :
‘ 151 ‘he ere are some  problems
surrounding Dampier, the places he wvisited and when. There are s()in]u }]] ‘
S & ) : o Sollom Ao [nge his voyages and 10 or days
lated with landing dates. This is because Dampier was using the Julian calendar dunnkg]hls l yag S
o : st o Gr ich 1 S ex George has obviously carried exten
] ; ran calendar “h 15 currently used. Alex George has
adde adjus he Gregorian calendar, which is curre
need to be added to adjust to t gorian _
and exhaustive research on all matters pertaining to ]);mlplu{, - ool ecomme o
« ' ' ¢, attractive resented and printed on high-qu: aper. J :
I found this a delightful book, attractively p)gscnt] l I e G T o e e o
' ' aal history se who thought that C : ag
cople interested 1n natural history and to those w ¢
people interestec
2 S e . . ‘ope.
Australian scientific material to Europe il
NATIONAL HERBARIUM OF NSW

The Directory of Australian Birds: Passerines
By R. Schodde and I.J. Mason. CSIRC) Publishing, Vic., 1999, 85 Ipp. S$180.00rm.

HE SUBTITLE, A TAXONOMIC AND ZOOGEOGRAPHIC AT1

birds in - Australia and its Territories mdicates the

mammoth work. This volume, on passerines or songbirds, begins one of the most

@ ambitious works i Australian avian taxonomy and distribution. The authors

attempt to 1dentity those regional populations that should be considered as basic
units of biodiversity to be conserved.

Each species account presents the
defining  characters,

AAS of the biodiversity of
intended scope ot this

recognised regional populations and their
4 map identifying their  distributions and
ntergradation, and more detailed discussion of geographic variation where
appropriate. This re-evaluation has led to a number of name chan
or resurrected names being introduced
or merged. By having only two
volume promises to be more

areas  of

ges, with new
, and several currently accepted spe
authors making the taxonomic de

consistent throughout than previous |
amalgams of different workers’ conclusions.

Because of its technical nature
enthusiasts. For anyone intere

cies split
cisions, the
1sts that are

and price, the book will not appeal to m
sted in the distribution and ¢
birds, however, access to it IS a must. Although some decisions will |

contoversial, the authors have nonetheless presented a solid
foundation for future

mvaluable |

any bird
axonomy of Australian

e

and extensive
work in these aspects of Australian ornithology
dasts for considerations

and an
about bird conservation in this country,

—WarTeR E. BOLES
AUSTRALIAN MUSEUM
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Locating Koalas in the Australian Bush

By Scou Buckingham. Bolwarial Press, Vie., 1999, 85pp. $19.95rp.

The Koala: Natural History, Conservation and Management

By Roger Maytin and Kathrine Hlandasyde. UNSIV Press, NSH! 1999, 132pp. §32.95mp.
OTH THESE BOOKS DEAL Wl'ﬂl {(()AI.AS and both have been written from a

lejghtly Victoriocentric point of view, as all authors make it clear b ke

majority of their experiences were gained in south-castern Australia. But there the

similarity ends. The tust, Locating Koalas is written with a slightly folksy tone. Its

target audience 1s said to be tourists, naturalists and professional biologists, and it

contains some very practical advice about how to look for Koalas in the bush.

Forcunately, Koalas are one of the few native animals whose presence in an area

(scats and scratches on trees) can be quite easily detected. Seeing them is a different

story. It anything, this book makes it sound a lot casier than it is. Nothing 1s left

unsaid when oftering advice about venturing into the Australian bush—don’t stand

on bull-ant nests, watch out for mine shatts, don't get lost. What to do in a variety

of weather conditions is also covered, although why anyone would look for Koalas

on a wet and cold day escapes me. The best you could hope for is a glimpse of a

grey messy blob high up 1 a tree. However, if you can’t find Koalas after consulting

this book, you have chosen the wrong arca. 1 would like to add one small piece of

advice of my own: make sure you are in Victoria or Kangaroo Island, where your chances of seeing them are much higher

than almost anywhere clse 1n Australia, except a zoo.

The other publication is the second edition of this excellent book containing almost everything you need to know about
Koalas. As the authors state in the troduction, there has been a mass of research carried out on this species since the first
edition in 1988, and the results are retlected in the huge amount of information covered in the book. One of the really hard
issues tackled by Martin and Handasyde 1s the variation in the conservation status of the Koala over its range, m particular
the ongoing massive overpopulation in Victoria. What makes very sobering reading 1s not only their documentation of the
enormous suttering that has occurred in Koala populations over the years, largely caused by the ‘move-on-the-problem’
philosophy exhibited by almost every government ofticial taced with the situation, but they even nominate where it will
occur again, and the likely consequences for Koalas and the doomed forests n which they live. The problem is that the
animals eat themselves and other fauna out of house and home, and then slowly starve to death, in huge numbers. The
solution, according to these authors, is not more of the same (that 1s, expensive sterilisation and translocation programs) but a
plea to consider these animals, in their present circumstances, as a resource that could be harvested. A very brave suggestion,
and one [ fear will fall on deaf ears, given the very influential conservation ‘industry’ that surrounds this species.

—LiNnDA GiBsSON
AUSTRALIAN MUSEUM

A Guide to Suuid, Cuttlefish and Octopuses of Australia
By Mark Norpan and Amanda Reid. Gould League of Australia, Ve, 2000, 96pp.
$32.95rmp.

‘x TE KNOW THAT BLUE-RINGED OCTOPUSES should be avoided, and calamart
goes tough if cooked too long, but what do we know of cephalopods as
living animals?

Mark Norman and Mandy Reid are two of a small group of research \\'()1‘kers
who have dramatically increased our knowledge of these ;mil.nnls.in Australia
over the last 20 years. This beautifully illustrated book, with mtr.od-uctory-
sections on the natural history and evolution of cephalopods, has dt‘.\'C]'l]JthIlS. of
over 60 species, from the Chambered Nautilus and giant squids to an amazing
variety of octopuses. o

Usually 1 would say something derogatory about t_hc use of lll\ft‘l-ltt‘d
‘common’ names. However, when authors can come up with “Wunderpus™ tor a

spectacular brown and white striped octopus, who am 1 to deny them their

trivmph? ) ) l
This book is the first illustrated summary ot our cephalopod fauna. In this

Olympic year it deserves a gold medal for opening our eyes to an amazing and

= hitherto hidden clement of our marine fauna.
— T—
—BiLL RupmAN

AUSTRALIAN MUSEUM
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The Pure State of Nature
IRE By David Horton. Allen and Unwin, NSW, 2000, 192pp. 819.95rrp,
HE PL HE IELATIONSHIP BETWEEN ABORIGINES AND THLE LAND, especially ‘
STATE OF Tpre-Europcan context, is a hot political topic. This is because it i‘"pin 1
heavily on issues such as Aboriginal land rights, and the contemporges
NAT LIRE management of the environment. This relationship is the core of l)a‘;y
: Horton's very readable book. And he brings an unusual perspective o t}]]d
debate, being an expert in the identification of the fauna of archacologicy] Site:
Briefly, Horton concludes that Aboriginal people did not cause the SO-CalleA
megafaunal extinctions, which instead were probably brought about by limage
change; that their attitude to and ‘management” of the landscape deriyes o
their spiritual (not rationalist economic) relationship with the eNVIronment il
which they were just a part; and that this management was fairly light-on due
to their beliefs and their low population densities. He also points out thyy e
Aboriginal people’s ‘low-tech’ way of life made adaptive sense considering
Australia’s unpredictable climate. As to the important question, at Jeag ©
Western minds, of why Aborigines didn’t develop agriculture, Horton argues
convincingly that it may simply not have been appropriate under Australiay
conditions.

The book is written from a Western scientific point of view, but it is lightly
infused with sentiment and whimsy, and, unusual among writings on the
subject, a healthy dose of scepticism about inferences made about the past. As |

thought about the book in the days after finishing it, I realised that most non-Aboriginal Australians, raised as they have been

i traditions of Western thought, probably have no idea about how pre-European Aborigines really viewed their
environment. That realisation itself 1s worth thinking about.

—ALLEN E. GREER
AUSTRALIAN MUSEUM

any Limited |
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ANIMAL WELFARE
FAWNA
PO Box 218
WAUCHOPE NSW 2446
Ph: 0500 861 405
Web: www.communitech.
org.au/cws/Fawna
C(;l]tﬂCtI Sue Emerton

|
Membership: $20 single, $25
double, $30 family

WIRES

PO Box 260
FORESTVILLE NSW 2087
Ph: (02) 8977 3333

Web: www.wires.webcentral.

L o E—

corl.au

' Contact: Anne Lloyd-Jones
ENEE

Membership: $33

ASTRONOMY

South East Queensland

Astronomical Society

PO Box 516

STRATHPINE QLD 4500

Ph: (07) 3205 4541

Web: www.ozemail.com.

au~mhorn/seqgas.html

Contact: Graham Long
EEm

Membership: $15 single, $25

family, $10 pensioners/

students

BIRDS
Bird Observers Club of

Australia (Melbourne
Branch)

PO Box 185
NUNAWADING VIC. 3131
Ph: 1300 305 342

Web: www.birdobservers.

org.au
Contact: Mrs E. McCulloch
BEEmm

ARE YOU A CLUB SECRETARY2
Nature Australia’s

Asspciate Society Scheme is
des!gned to help your club or
society with free publicity,
funds and member benefits.
Call Karen Hillinger on (02)
93206119 for more details.

Get involved! Across Australia there 15 a network of active socicties, large and small
hold dear-Whether your special interest 1s conservation, birds, science, national par

Birds Australia

415 Riversdale Rd

HAWTHORN EAST VIC.

3123

Ph: (03) 9882 2622

Web: www.birdsaustralia.

com.au

Contact: Donald Coventry
| B |

Membership: $62

CONSERVATION
Australian Platypus
Conservancy
PO Box 84
WHITTLESEA VIC. 3757
Ph: (03) 9716 1626
Web: www.totalretail.com
/platypus
Contact: Geoff Williams

[ N | N |
Membership: $30 adult, $20
student, $45 family

Australian Trust for
Conservation Volunteers
Box 423
BALLARAT VIC. 3353
Ph: Freecall 1800 032 501
Web: www.atcv.com.au
Contact: Karen Dymock

| N |
Membership: $30

EDUCATION

CSIRO's Double Helix
Science Club

PO Box 225

DICKSON ACT 2602
Ph: (02) 6276 6643

Web: www.csiro.au/helix
Contact: Lynn Pulford

Membership: $27.10

SA Science Teachers
Association Inc.
1st Floor, 211 Flinders Street
ADELAIDE SA 5000
Ph: (08) 8224 0871
Web: www.science.adelaide.
edu.au/sasta
Contact: Judy Morton

N |
Membership: $88 secondary,
$75.90 primary, $1 19.90
school/corporate
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local and national, which exist
ks, bushwalking or a particular

Science Teachers
Association of NT
PO Box 1168
NIGHTCLIFF NT 0814
Web: www.topend.com.
au/~stant

]
Membership: $80

ENVIRONMENTAL

Australian Bush Heritage

Fund

GPO Box 101

HOBART TAS. 7001

Ph: (03) 6223 2670

Web: www.bushheritage.

asn.au

Contact: Doug Humann
|

Membership: $33

MUSEUM
TAMS—The Australian
Museum Society
6 College St
SYDNEY NSW 2000
Ph: (02) 9320 6225
Web: www.austimus.gov.
au/tams/

H EEEEER
Membership: $66 single,
$83.60 family, $49.50 student

The Waterhouse Club

SA Museum

North Tce

ADELAIDE SA 5000

Ph: (08) 8203 9802

Web: www.waterhouseclub.

org.au/whc

Contact: Mary Lou Simpson
EEEER

Membership: $70 single, $90

family

NATURAL HISTORY
Tasmanian Field
Naturalists Club
GPO Box 68A
HOBART TAS. 7001
Ph: (03) 6227 8638
Web: www.tased.edu.au/
tasonline/tastield/tasfield.htm
Contact: Genevieve Gates

| N |
Membership: $25 adult, $20
concession, $30 fannly

to further the cause of the subject that you
group of animals, there’s a society for you.

REPTILES
Hawkesbury

Herpetological Society Inc.
PO Box 2

WHALAN NSW 2770

Ph: (02) 9625 7561

Contact: Jeff Banks

m En

Membership: $11

Herpetological Society of
QId Inc.
PO Box 88
BALD HILLS QLD 4036
Ph: (07) 3851 1323
Contact: Jo Clarke

EEER
Membership: $30 family, $25
single, $20 student/pensioner

WA Society of Amateur
Herpetologists Inc.
9 Birch Place
STONEVILLE WA 6081
Ph: (08) 9295 3007
Web: www.iinet.net.au
/~bush/index.html
Contact: Brian Bush

[ N
Membership: $20

100 KEEPING
Australian Society of Zoo
Keeping
Currumbin Sanctuary
28 Tomewin St
CURRUMBIN QLD 4223
Ph: (03) 5957 2800
Contact: Liz Romer

|
Membership: $55

=

Newsletter/Journal; B Monthly
meeting; M Bi-monthly meeting;
Annual meeting/Conference;
B Weekly meeting; I Quarterly
meeting; M Field outings/Tours;
M Conservation/Working programs;
B Discounted Goods; B Magazine;
Social/Educationactivities;
B Nature Australiamagazine;

M Seminars
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For Sale

Two adjoining px‘()&crl_ics in )ramfm'csl
adjacent” Joalah ational Park on
amborine Mountain in SE Qucensland,
Sccluded cul-de-sac, walk 10 shops and
waterfalls. Live among Squirrel  Gliders,
Boobook  Owls,  Tawny Frogmouths,
Regent Bowerbirds, Crimson Rosellas and
Albert’s Lyrcbirds.

TULLAWONGA'

9 Park lanc and 26 north St, Nth
Tamborine, 1,133 sq.m. Yr()perly, historic
cottage set amid bangalow palms. two
bedrooms, lounge with open fireplace,
large kitchen and family room renovated,
$165.500.

"WALLABY HOP*

8 North St, Nth tamborine, 1,133 sq.m.
level building block, beawtifully treed.
$87.500.

CONTACT COTTEGE REAL ESTATE:
07 - 5545 2883 OR EMAIL:
GARYOPIT@MUILLUM.COM.AU

Strike out from Winton an

d di
Outback Queensland's best kef;ove'
Secrets

e lLark Quarry Dinosayr Print
® The geological wonders of the :
Merton Escarpment

DIAMANTINA '
OUTBACK TOURS

o Fully guided day tours
e Field guidance for charter groups
® Tag-a-long tours

Local knowledge. exclusive access [
protected areas, along with comprehensiye
field interpretation ensures thorough
understanding of this region’s

natural environment.

PO Box 335 Winton,
Outback Queensland, 4735
Freecall: 1800 625 828
Fax: (07) 465 71722

REaD
ERS PLEgs MENT1o

N NATUR
E
AUSTRALIA wHEN REPLYING TO ADVE

e

What are you
saving for?

Invest ethically.
Your savings and
superannuation
can support only
environmentally
and socially é_\"‘ﬁ'ﬁlﬁ% _
responsible i‘y 1 iiup ﬁqh?.’ﬁ
companies. Invest

with Australia's

specialist fund

1 9
manager. You
will also earn a
competitive return.

Australian Ethicdl

Investment
ohone 1800 021 227 now for 2 POSPEC
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HEADLAND LOOKOUT COTTAGE
NORTH COAST NSW

UNWIND IN BROADWATER
NATIONAL PARK, ONE OF THE
OLDEST AND BEST-PRESERVED
COASTAL HEATH AND GIANT SAND
DUNE HABITATS IN NSW.

THE COTTAGE, SITUATED INSIDE
THE PARK, IS COMFORTABLE,
SELF-CONTAINED AND PRIVATE.

®* RELAX ON THE VERANDAHS AND
ENJOY THE PANORAMIC VIEWS OF
THE OCEAN & HEATH MOSAIC

* WALK TO BROADWATER BEACH
AND SALTY LAGOON

* ABUNDANT NATIVE FLORA
AND FAUNA

FOR MORE DETAILS
PLEASE CONTACT
AH (02) 6643 4144
MoB: (0418) 498 400
FAX: (02) 6643 4920
PO BOX 1650
GRAFTON NSW 2460
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BIRDWATCHING &

WILDLIFE TOURS
Broome & the Kimberley

Informative tours with an experienced and
knowledgeable guide - George Swann _
who knows this region. its birds and
wildlite.

Kimberley Coast Wildlife Expedition
The ultimate luxury wildlife trip visiting
one of the worlds most rugged. isolated and
exciting coastlines. Aboard a luxury
cruiser North Star Charters - Wyndham to
Broome - Sept 2001

PLUS MORE EXCITING TOURS

Experience the spectacular Michell Plateau.
Bungles. Bachsten Ck. Gibb River Rd. Kakadu.
Katherine by 41D safari. air. sea.
Available for Guiding and Private Charters

Contact us for details on all our 2000 tours

GEORGE SWANN
P O Box 220
Broome W.A.
6725
Ph/Tel: 08 9192 1246
Email:kKimbird@tpg.

. . . com.au
Wildlife & Nawral History Tours

Group tours
with a natural
history focus

Flinders Islahd, Tasmania
17 - 23 November 2000

victorian Alps in Summer
15 - 20 January 2001

Tasmanian southwest and
Bass Strait Island cruises
February/March 2001

Lord Howe Island
19 - 26 May 2001

Remote outback camping tour
June/July 2001

Scotland: the western Isles
and Highlands
3 - 27 June 2001

Madagascar
October 2001
&

For more details or a copy of
our Tour Calendar
Phone (03) 9670 6988
fax (03) 9670 6185
or write to:

BRONZ DISCOVERY TOURS
P.O. BOX 83

WEST COLLINS STREET
MELBOURNE VIC. 8007

Travel agent licence no. 32134

E N
DISCOUNTS AVAILABLE TO REAOERS OF NATURE AUSTRALIA

Wait-A-While Environmental Tours
Ph: (07) 4033-1153 Fax: (07) 4033-5999
Email: info@waitawhile.com
Web: www.waitawhile.com
PO Box 6647, Cairns 4870 TOURI
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NORTH WEST
SAFARIS

Small group camping tours to:

Kimberley including:
Purnululu National Park

Karlamilyi National Park
(Rudall River)

Western Deserts - Canning
Stock Route

All tours led by partners
Peter and Janet.

Please call or write for details.

WRITE TO NORTH WEST SAFARIS
P.0. BOX 2138,
TEMPLESTOWE HEIGHTS, VIC. 3107

Phone (03) 9852 3398

READERS PLEASE MENTION NATURE AUSTRALIA WHEN REPLYING TO ADVERTISEMENTS
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Opals
. How are opals formed? Is it true
o that handling opals keeps them
looking good?
—KATHRYN WELLS
BrADDON, ACT

Q . There are a number of myths

« about opals and this is one of
them. Handling opals will not improve
their appearance, although it might give
the owner satisfaction. Opal is a softer
material than quartz, so it needs to be
handled with care otherwise 1t will eas-
ily scratch and chip. Opals contain
water in their structure and, upon
extraction from the earth, they dehy-
drate, then stabilise. Some craze at this
pomt but those that don’t are usually
stable. However, any opal may crack
with

temperature  or  humidity

extremes, or with rapid thermal
changes. It 15 best to keep them out of
conditions of high heat, such as direct
sunshine, and low humidity, such as

bank wvaults. Perhaps the myth arose

82

because people found that their opals
to a humid room

responded better
han-

which included

environment,
dling, than to storage. )

Opal forms in a variety of geologlcal
environments, but Australian opal,
which is the most stable opal, formed
in a sedimentary environment. The
withdrawal of a large inland sea in cen-
tral Australia, about 100 million years
ago (during the mid-Cretaceous) left
sediments that later weathered, releas-
ing silica into ground waters. These
siliceous waters infiltrated cavities and
fissures in the rocks, evaporating and
concentrating, over a period of long
geological stability. They formed an
amorphous gel, rather than a crystalline
mineral, composed of tiny, sub-micro-
scopic spheres of silica. Often  these
spheres were arranged row upon row in
orderly layers. These orderly layers
break up (diffract) light into its spec-
trum colours, causing the play of rain-
bow colours n precious opal. Where
the arrangement of spheres is not
orderly, no diffraction occurs and com-
mon opal or potch 1s the result.

Current research also suggests a bio-
logical mput to opal formation, with a
possible link between bacteria and the
that
formed the opal. Large bacterial popu-

orniginal  weathering  process

lations may have excreted acids and

enzymes that resulted in the biochemi-

cal weathering of clay minerals and
feldspar.

—GAvLE WEBS

AUSTRALIAN MUSEUM

Wandering Wanderers
. Where do Australian  Wandere,
o Butterflies migrate to, assuining of
course they are the same species as tlose in
America (which migrate to a single location

in Mexico)?

—ROGER BURGESg
TWEED HEADS, NSW

A We know a lot about the migra-
o tion patterns of Wanderer Byt
terflies in Australia, thanks to an Aus-
tralian Museum research program from
1960s to 1980s.
(Danaus plexippus) is the same as that n
North America, where they call it the

the Our  species

Monarch. The species was first seen
Australia n the late 1800s (in Queens-
land) having apparently arrived by a
series of ‘island hops’ across the Pacific.
In North America the species 15 widely
dispersed over the continent during
sunimer, as far north as southern Cana-
da. In autumn the buttertlies set off on
a long fhght southwards and congregate
m vast numbers to spend the winter,
hanging like bunches of dead leaves
from the branches of trees. There are
many such sites, the same sites bemg
used year after year. The best known
sites are 1 California, but others have
been found as far south as Mexico. In
spring the butterflies disperse north-
wards, the females laying eges on milk-
weed plants as they go. The next gener-
ation moves farther north and, after
another two or three generations, the
specles 15 again present i southern
Canada, where 1t has ume for just one
generation to develop before the next
southerly migration m autumn.

In Australia similar migrations occur,
but generally the populations are small-
er and the migrations are more com-
plex. In summer the butterflies can be
seen feeding at or flying around wher-
ever milkweed plants occur. In the
northern part of its range (north of the
Richmond River), the buttertlies move
towards the coast in autumn and breed-
mg is continuous throughout the year.
Farther south there is also a gt‘llt"?‘l
movement towards the coast but breed-
Ing ceases and overwintering congregi-

A thin layer of precious opal on ironstone. In
adverse conditions, opals can crack, as shown
here.

NATURE AUSTRALIA SUMMER 2000-2001



tons  gather i about April-May
(depending on temperature) and remain
until about August or September. The
main, but not only, areas ot concentra-
tons are near Camden, 1 the Windsor
arca and m the Hunter Valley in New
South Whales, near Adelaide 1 South
Australia, and probably near Sale 1n
Victoria. At dispersal time mating takes
place and the females leave a little carhi-
er than the males to seek out milkweed
plants on which to lay eggs. By summer
the butterflies have again colonised
much of Australia, but more by random

movements than direct flights.
—COURTENAY SMITHERS
AUSTRALIAN MUSEUM

Pic Teaser

Do you recognise this? If you
think you know what it is, then
send your answer to Pic Teaser,
Nature Australia Magazine.
Please don't forget to include
your name and address. The
first correct entry will win a
copy of The fungi diary for 2001
from the Australian Museum

Shop. Spring’s Pic Teaser was a

Wanderer Butterfly egg.

NATURE AUSTRALIA SUMMEIR 2000-2001
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The migrations of Australian Wanderer Butterflies
are more complex than their northern hemishere
relatives.

Answers to Quiz in
Nature Strips (page 19)

Pumice

Shy Albatross
Officer Basin

1936

Flowering plants
Saturn

Spiders
Amiethystine Python

T

. Chiorofluorocarbons
10. Pinchgut

GREETING CARDS
POSTCARDS

featuring Australian
mammals, birds, reptiles,
frogs, scenery and wildflowers

Selected outlets in Sydney:
Australian Museum Shop

Royal Botanic Gardens Shop

Wilderness Society Shop - Centrepoint
Dymocks Stationery Superstore - George St
National Parks Centre - The Rocks
University of Sydney Union Stores
Bicentennial Park Visitor Centre

ACF Shop - The Rocks

Selected outlets arownd Aistralix
Wilderness Society Shops - SA, WA, Tas
Australian Reptile Park, Gosford

Blue Mtns Environment Centre, Katoomba
Snowy Region Visitor Centre, Jindabyne
Rockhampton Botanic Gardens

For information or trade enquiries
please contact us:

Wildlife Images

www.australiannature.com
ph.(02) 9436 0428
PO Box 55 Crows Nest 1585
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Putting the move

How can it be that a major conservation cffort actually destroys

what it purports to save?

HERE ARE MANY WAYS HUMANS
destroy the natural living world.
The two best known are to kill
off species and to destroy habitat. But
there is also a third. [€s translocation—
when we move organisms from one
place to another. The detrimental effect
of the first two processes is well under-
stood, but the problem with transloca-
tion is less widely appreciated. In fact,
translocation  figures prominently in
many ‘conservation’ initiatives. How
can it be that a major conservation
effort actually destroys what it purports
to save? To understand this, one has to
think about how evolution works.
Almost all  evolutionary  change
begins with a single mutation of a sin-
gle gene in a single individual living at
a single spot on the globe. Virtually all
other evolutionary change is built on
this basic process. Sometimes the muta-
tons have no apparent relevance to the
location in which they arose (although
they become a place-specific character-
istic of the population), while in other

cases, they probably help the local pop-
ilation to live in that place. If enough
different mutations accumulate in a
bopulation, usually due to its geograph-
1¢ 1solation, individuals in that popula-
“tion may no longer be able to breed
with individuals of other populations,
“and a new species emerges. [t one could
look at a map of the distribution of
“genes in a species throughout its range,
there would be all sorts of complex pat-
terns in addition to the areas where new
species were forming. Some of this
genetic variation reveals itself’ in easy-
to-see

morphology. For example,

genetic variation is the basis of sub-
specics, geographic races, and gradual
changes in size, shape and colour pat-
tern over broad areas of environmental
change. In fact, this geographic pattern
of genetic variation 1s the very essence
of what a species 15, and evolution act-
ing at the local level 1s the very process
that has given us the distinct popula-
tions and species that we all work so
hard to preserve.

When we move individuals around,
we undermine the ongoing evolution-
ary process that produces and maintains
this pattern. Even a single individual
carried to a new place can disrupt the
local genetic pattern.  Unfortunately,
many of those people who move organ-
isms around i order to ‘save’ them
either do not understand the destructive
nature of this practice or, worse, do not
care.

But what about the argument that
individuals in nature are always moving
themselves about, sometimes over vast
distances? Isn’t that the same as humans
moving them about? Not at all; because
when individuals move themselves,
there is likely to be a genctic compo-
nent to their movement—and one that
may be important to the future of the
continuing evolution of the lineage.
Adventuresome individuals in other
species may be as important to their
When
humans move individuals, they exert a

species as tht‘y are to ours.

form of artificial selection, whether the
choice of individuals 1s random (but is
any choice really random?) or conscious
(the largest, strongest, most fecund,
cutest, most helpless etc.). It would be

BY ALLEN E. GREER

NATURE AUSTRALIA SUMMER 2000~

highly unlikely that the individugjs of 5 |
species humans chose to move were the
same ones nature would have chosen, |
and even less likely that the pew hOm(:_
chosen by humans was the Same 4
nature would have found for they,

Does all this sound too academic: 174
person just likes the look of plants and
animals and doesn’t care about their
genes (\Vhich can’t be seen ;11)yWay),
what's the worry? Well fair enough
that’s the majority attitude, even ;unoné
profcssional conservationists. But think
about the implications of this view-
pomt. First, this attitude is content with
the static wrappings of the package, and
not its iternal contents and structure,
nor its continuity into the future. As
long as there is something that looks
like a Koala that is sitting in something
that looks like a eucalypt that is grow-
ing in something that looks like a forest,
there is no problem. And second, this
attitude is apparently unconcerned if
natural evolutionary change 1s replaced
by some undefined degree of human-
mediated, or artiticial, change. But how
far down this path are we willing to go?
[f, as a result of translocation and its
accompanying artificial selection, the
subsequent  population  of  one’s
tavourite organism has 0.1 per cent
fewer spots, would that matter? How
about one per cent smaller in body size?
Or ten per cent paler?

The translocation mentality 1s now
widespread. [t is almost as if we teel it is
our right to pick up organisms and
carry them to a new place to make over
our own little part of the world to our
own specifications. But what is most
remarkable is that translocation is a key
management tool in many current con-
servation initiatives, programs often
designed and delivered by biologists:
anmimal rehabilitation, captive-breeding,
revegetation, restocking, and ‘trouble-
some’ animal-relocation  programs.
With translocation, are we not trying to
mend one end of the biodiversity tapes-
try by unravelling the other?

DROALLEN E. GREER 1S A PRINCIPAE
IRESEARCH SCIENTIST AT THE

AUSTRALIAN MuUSEUM,

il ARIDY
1HE LAST WORD 15 AN OPINION PIECE AND DOES NOT NECESS
REFLECT 1THIE VIEWS OF 11 AUSTRATIAN MUSTUM.
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Flesh-Eating Kangaroos, Tree Climbing Crocodiles,

rds, a huge, carnivorous Giganotosaurus. 110 million years
of never before seen creatures on show at

Australia’s Lost Kingdoms.

26 August 2000 - 29 April 2001
Families (2 adults, 2 kids) $32, Adults

$13, Children (5-15) $7, Concession $8.
Children & Family price includes free Audioguide.

Major sponsor

i |
Proudly sponsored by

@D oo [______3
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