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The Fluttering Shearwaler, an autumn migra.nt from New Zealand.
Note the wisps of down that characterise a young bird.

(Article on page 75.)
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@OUR FRONT COVER: A common oftshore bird in  the autumn and winter is the
Fluttering Shearwater, a small denizen of the sea. Although delicate and dainty it is well equipped
for its way of life, powerful in wing and with webhed feet that enable it to paddle through and
over the wives, Food for the Shearwater comes from plankton, the vast drifting assemblage of
small animals that live in the surface waters of the ocean,  The photograph (hy Allen Keast) 18
of a bird that eame ashore, tired and exhausted, on the beach near Lake THawarra.
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Cne of the Hopi Kachina dolls exhibited recently at the Australian
Museum. These dolls—the first of their kind to reach Australla—were
lent by Mr. Ken Mayfield, an Assistant Preparator at the Museum.
The one illustrated is a Snake Kachina, such as is hung in the stone
dwelling of a tribal chief of the Hopi Indians of Arizona. To these
Indians a Snake Kachina is responsible for the supply of suitable
snakes for the big tribal ceremony of the year—the Hopi Snake
Ceremony. Among other Kachina dolls are those representing the
Badger, the Humming Bird, the Corn Maiden, and the Mudhead or
clown, through which the god of amusement is propitiated. The dolls,
all ga'ly coloured, are carved by the Indians from cottonwood roots.
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Fungai Life

By N. H. WHITE
School of Agriculture, University of Sydney

HE funei most famihiar to all are the

moulds that develop on foodstuffs,

c¢lothing and and the toad-
stools and puff balls found in the bush and
carden, These, however, constitute only
a small part of the whole group of fungi.
There are vast numbers of species that pass
unnoticed, seen only by experts trained to
look for them.

books.

Many readers will be surprised to learn
that fungi are classified as plants.  Some
people think they are animals because speci-
mens sent to zoologists for identifica-
tion. There are some, including botanists,
who claim that the fungi are a kingdom of
their own, but these are few. Funel are
considered to be plants because they pos-
sess in their microscopie structure a feature
peculiar to the plant kingdom, which serves
to distinguish plants from animals. The
cells which go to make up the tissues of
plants, including fungi, are surrounded by
a non-living cell wall, whereas the cells of
animals do not have a cell wall. Further-
more, fungi rescmble plants in their mode
of reproduction, especially in the develop-
ment of spores which distribute the species
in space and in time.  The tissue of funei
is simple in strueture, and consists of indi-
vidual threads of microscopie dimensions

are

known as hyphae. (ollectively the hyphae
are referred to as mycelium and it is usual
to speak of the vegetative body of the
fungus as myecelinm.  This myeelinm,
which is usually seen with the naked eye,
is the so-called “*spawn’’ that is used in
mushroom culture, and must not be con-
fused with the reproductive units or spores
developed on the fruit bodies.

The fungi differ very mueh from green
plants in one important respect. and that
is that they obtain their food for growth
from plants and animals and their
dues.  In  this respect they resemble
animals whose food energy imitially comes
from the green plant. Many fungi obtain
their food dirvectly from plants or animals
by living parasiticallv upon them, and i
doing so cause disease. Dy far the eoreater
number of tungi live upon the residues of
plants and animals, and these play an all
important role in converting dead plant
and animal tissues into substances that can
acain be utilised oreen plants. Ntueh
tissues are broken down to simple com-
pounds by a succession of fungal species.
One species of fungus prepares the way
for the next.  When leaves or branches
fall to the ground they are first colonised
by the sugar-loving fungi which rapidly

1'eS1-
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the
Most of the mould fungi (Mucor,
are
The re-
moval of sugars and starch from dead plant
tissues is usually rapid, and their disap-
pearance prepares the way for fungi that

Temove and starch from
f1ss1es.
Aspergillus and Penveillivm species)

sugar and starch-loving fungi.

suears

ntilise the celluloses.  With the removal
of the cellulosie substances the tissue con-
sists largely of liegnin, the hard woody
material of plant tissues. This lignin resi-
due is then colonised by the slow-growing
lignin-destroying fungi belonging mostly
to the toadstools and puff balls. These
fungi complete the destruction of plant
residues. A similar succession of species of
fungi occurs on the forest floor. in lawns,.
and on the manure of animals.

The reader may well ask how do these
plant and animal residues become so
readily colonised by the different species
of funegi? This is accomplished by spores
that abound in the air, for prodigious
numbers of spores are produced by dif-
ferent species of fungl in order to survive.
Most of these fungi depend on the move-
ment of the air for their dispersal, and once
the spores are air-borne they are exposed
to the ereatest element of chance. There
is obviously a great wastage of spores that
are air-borne.  In order to ensure suceess-
ful arrival at the right place. enormous
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Fig. |.—Microscopic studies
of the gilled toadsigy
:rop lefl—Photo of hyphae.
Top right—Section Ihrnugl{
gills showing basidia bearing
spores on the surface of
each gill.  Bottom [efi_
Surface view of gill show.
ing groups Of fDI.Ir Spores,
Bottom  right—A bagidiys
bparingA spores on the tips
of pointed stalks (yery

high magnification),

Photo.—Dept. of Iustration
University of Svdpey.

numbers of spores are produced. Most of
the toadstools and puff balls are air dis
persed, and much of the morphologieal
variation of these and other fungi is as
sociated with spore production and spore
liberation. Various devices for inereasing
the surface for spore production have been
developed by the toadstools alone.  The
simplest forms are those that produce their
spores on a relatively smooth surface as
in the ““Horn of Plenty’ fungus (Crafe-
rellus cornuwcopoides). These surfaces are
raised above the ground so that the spores
can be readily launched into the air. The
most suceessful way of inereasing the sur
face for spore production appears fo be
in the gill formation found in the Agarices.
We can assume this from the abundanee
of species of this group and from their
geographic distribution. They extend from
one polar region (Macquarie Island in the
south and Alaska in the north) to the
other. Spores are produced over the whole
of the surface of the gills, which if _I;ml
on their sides and viewed under the mier®
scope, can be seen to be covered with group®
of spores in fours (Kig. 1), They appt’
in this manner because the spores i
formed on club-shaped struetures "fll”""v
basidia, and each basidinm produces 100
sSpores horne on the Ti;l-- of !|Iil|'f"‘=|”“.

stalks.  (Fig. 1. Bottom right.)
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There are, of course, thousands of basidia
on each gill, and there many as
sixty to eighty gills on a sinele toadstool.
It has been estimated that a single toad-
measuring two and a half inches
across. will produce one thousand million
Any one colony of a fungus may
produce thirty or more fruit bodies, as in
a fairy ring often seen in paddocks or
lawns.  The raising of the gilled spore
producing surface attached to a cap several
inches above the eround by means of a
central stalk facilitates the launchine of
the spores into the air.

are as

stool

spores !

Fig. 2.—The Chanterelle fungis showing the trumpet-
shaped fruit body which produces spores on the folds

on the outer surface.

Photo.—Author.

Other means of inereasing the spore pro-
ducing surface is by throwing the surface
into ridges or folds as in the Chanterelle
fungus  (Cantharellus) (Fie. 2); by
developing spines instead of eills as in the
Hydnums, and by developing pores instead
of gills as in the bracket fungi (Polyporus,
Trametes and Fomes) (Rig. 3) and in the
boletes  (Boletus). The spore-producing
surface has also been increased by develop-
g much-branched evlindrical stalks which
bear the spores on their surfaces as in the
coral funei (Clavaria)

'Itlw puff-ball funei also exhibit a great
variation in form determined primarily on
spore production and dispersal.  Most of
these are air-dispersed, but some depend
on 1nsects, notably members of the Dip-
tera (true flies) for the dispersal of their

spores.  These are the ““Stink Iorn',
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“Carrion’’, or Phalloid fungi, which their
extremely bizarre form and foetid odour.
[n these fungi the slimy spore mass is
carried on a brightly coloured stalk with
variously shaped appendages also brightly
colonred. These features, together with
the strong smell of carrion, attract flies
which gorge themselves on the viseid spores
and then fly away and reeurgitate the
spores on the forest litter. Members of this
group of fungi are lignin-destroying and
are found in parts where twigs and sticks
are buried in the soil or forest litter.

The mould funei, like the Peneillinm
blue and green moulds, depend on air for
the dispersion of their spores. They too
produce enormous numbers of spores. A
piece of blue mould the size of a three-
penny bit will produce four hundred mil-
lion spores! It will be readily appreciated
from what has been said that fungal spores
of one species or another can usually be
found i the air and are deposited on
material that may serve as a food source.

Funei may also invade plant and animal
remains, making contact with the ground,
from mycelium already growing in the
soil. Many of the toadstool and puffhall
fungi grow perennially in the soil.  This
may be observed in the so-called fairy rings
where toadstools and mushrooms form at
the circumference of an ever-increasing
ring each year. Also at regular times each
vear puff balls and toadstools will appear
about the same position in lawns, gardens
and the forest floor. The mycelium of these
funei perennates or hibernates in the soil
and erows only when conditions of mois-
ture, temperature and food supply are
favourable. For the development of fruit
hodies and spore produetion, quite a lot of
eneroy is needed, so that these fungi must
absorh food for a long time before they can
produce their fruit bodies. Growth of the
veoetative myeelium oceurs sporadically
throuchout the vear, and the mycelium con-
tinually explores for fresh sources of food,
by invading new litter introduced into the
soil.  This exploration and colonisation of
new food material is greatly facilitated by
many hyvphal threads combining together
to form a root-like structure called a rhizo-
morph with a common growing point, or
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Just remaining as coarse myecelial strands.
I'hese are often encountered when the leaf
mould of the forest litter is disturbed.

[t has been found recently that the im-
proved texture of soils through the addi-
tion of oreanic matter is due to the growth
of the mycelium through the soil, which
separates the soil particles, producing a
c¢rumbly texture so favourable to root de-
velopment of the higher plants. These
funei that persist in the soil as myeelium
do not oceur as pure cultures in any one
place. In any sample of soil, the mycelium
of many species of funei may bhe found. If
one particular area is kept under observa-
tion the whole year round it will be found
that fruiting bodies of different species will
appear in succession. This may reflect the
suceessive breakdown of organie matter in
the soil, or it may result from environ-
mental conditions favouring the develop-
ment of different species; for example. in
a forest area near Svdney it is found that
species of the toadstool Cortinarius pre-
dominate in February and March. In the
same area species of Lactarius ov Russula
will predominate in April and May, and in
carly spring the dominant genera are
Nauwcoria or Galera.

The best time of the yvear for the develop-
ment of a wide range of speecies of toad-
steols in Australia is from April to June,
when  there is abundant moisture and
lower temperatures prevail. Some species
will produce fruiting bodies a number of
times each vear. Others, like the tough
bracket funei, in which the fruitine bodies
are perennial, produce crops of spores
several times during the vear. Each time
another spore-producing layver is formed
over the whole of the lower surface of the
bracket, and the circumference is also in-
creased, so that specimens of upwards of
20 inches in diameter may be found.

Many species of fungi have a world-wide
distribution ; this is particularly so amonesi
the toadstools and puffballs. For example,
Craterellus  cornucopoirdes occurs in - all
countries in the southern hemisphere as
well as in Furope and America. There are.
of course, some species of funei peculiar
to Australia.  Some of these Australian
species have near relatives in New Zealand,

and South America. This is so for the
trec strawhberry fungus, Cyttaria quanii,
which oceurs on southern beech in part
ol the eastern coast of the mainland ang
in Tasmania.

There is an urgent need for the study
of the fungal flora of Australia: many
amateurs could help in this work. There
1s, unfortunately, a pauecity of hooks oy
Australian funegi. The earliest book wys
M. ('. Cooke's Handbook of Australiay
Fungi, published in 1892, .J. B. Cleland’
Toadstools and Puffballs of South Ay
tralie was published in 1932, and recently
J. (. Willis has published a hooklet oy
fungi under the auspices of the Vietori
Natwuralist. For those who would liks to
take an interest in the toadstool fungi,
I5. M. Wakefield has just produced an ey
cellent observer’'s book of the common
funei, and this is now obtainable in Aus
tralia.

Fig. 3.—The bracket fungus showing a tier of frul

bedies grnwing oul of a |ng of wood. The spores are

[)ro(fu('ml N pores lmlm: the lower surtace of each
bracket.

Photo At
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“Caroline,”

=1
1

the Fluttering Shearwater,

By ALLEN

HE Flutterine Shearwater, a small

black and white imhabitant of the

oceans, 1s something of a mystery
bird so far as Australia is concerned. These
birds are to be seen offshore almost all the
vear, gliding and fluttering over the waves,
or bobbing up and down on the surface
like so many ducklings. Sometimes the
oroups run into thousands. Yet the nearest
nesting colonies of the Flutterer are on the
islands off New Zealand. Surely, ornith-
ologists reasoned. when they are so prom-
inent and regular they must also nest in
Australia—on one of the remote and
desolate 1slets off New South Wales,
perhaps.

[n the period 1910-1915, A. F. Basset
[ull, in his studies of mvesti-
cgated nearly every island along the New
South Wales coast. Again and again he
thought he was about to find the nesting
place of the Fluttering Shearwaters, but
successive islands  yvielded nothing more
than the familiar penguins, Wedge-tailed
Shearwaters, and  White-faced Storm

seabirds,

Petrels.  Once, on the Tolgates, a pair of
rocky monoliths off Batemans Bay, he

found empty burrows of a bird smaller
than the Wedge-tail and larger than the
Storm Petrel.  Clould they have belonged
to a winter nesting group of Flutterers!?
Needless to say, this possibility has never
been thoroughly investigated.

To-day the concensus of opinion is that
all our Fluttering Shearwaters are. in fact,
visitors from New Zealand for, with the
passage of the vears, it has been found that
a great many different seabirds use our
waters as feeding grounds for part of the
year. Included in these arve several from

Comes Ashore

KEAST

New Zealand (ec.g.. Gannets), one of two
from Lord Howe Island (Fleshy-footed
Shearwater), and a number from the sub-
Antarctic. Again, we now know that sea-
birds are remarkable wanderers, and that
journeys of even thousands of miles are
not beyond them. Notwithstanding all this,
however, the little Fluttering Shearwater
continues to intrigue our ornithologists,
especially since it has now been found that,
among them. is a long-billed form of un-
known oriein.

With a party of zoologists at Lake Illa-
warra in the middle of February. I had
the interesting experience of making the
acquaintance of a Fluttering Shearwater
at close quarters. It was found sitting,
apparently sick and exhausted. just above
the high-tide line. The bird was obviously
quite a yvoungster for the last traces of the
Juvenile down feathers were still to be
seen on the top of its head. And it would
have been hard to conjure up a more
weebegone  picture as it ervouched there
amongst the seaweed, delicate. docile, and
with engaging dark eyes. Such feminine
qualities (or, at least the qualities of some
females) could not be overlooked and with-
in minutes the name **Caroline’’, after the
famous Manx Shearwater of Lockley's
writings, had been bestowed on the waif.

“Caroline 11" made only a half-hearted
attempt to when lifted up on to
the orass behind the beach. She immedi-
ately commenced to preen herself when
put down (a proud girl obviously), whilst
the photographers jockied with each other
for the position.  Then, to the sur-
prise of ail she yawned, tucked her bill
under her wine, and went to sleep.  Again
the Minutes ticked by

escape

host

cameras clicked.
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“Caroline,” the sick Flutter-
ing Shearwater that came "
ashore on the beach near
Lake Illawarra. i3

- .f"“-[__\a'j?%.!i?.'“ -
i = N .‘r.z
LR ICARST

- = e

b=
-y

And so bored was she with
the antics of the photo-
grapher that she tucked her
bill under her wing—and
went to sleep.

L] . L ¥ ‘
“Caroline” takes off for the » A .\ Ay __
sea  again. Notice the | i1y AR AR 'X;:"u_h g 4
powerful wing that enables gt W1 ]‘s N AR 1
Shearwaters to  withstand q{ \ al ikl M 4 h‘ (7
the buffeting of the worst v .8 A
seas.  The “nick” in the i
wing corresponds with absent
feathers, for she was in
partial moult.
Pliotos by the Autle
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and Caroline continued to slumber peace-
fullv. But the photographers were not
satisfied. They wanted a close-up of the
head and shoulders. So Caroline was wak-
ened and lifted to a ““more satisfactory’™
position.  Such rudeness was more than
a respectable lady could stand. Caroline
fled down the bank, fluttered a few vards,
and commeneed a long wobbly flight across
the beach. Two or three times it appeared
that an undignified fall was in store but
steadily she eained altitude until the off-
shore wind caught her and swept her rapid-
Iy out over the breakers. When last seen
(‘faroline was bobbine about on the surface
of the water, diving under the big waves
that bore down on her, and steadily draw-
ing away from the shore. Maybe Caroline
wasn 't so sick after all.

The Fluttering Shearwater is  the
Southern Hemisphere counterpart of the
Manx Shearwater of England. The two
are so similar that only an expert could
tell them apart. In fact, some authorities
recard them as no more than the northern
and southern races of the same species. One
of the most fascinating life history studies
in the whole of bird literature is that by
R. M. Lockley, of the Manx Shearwaters
on the island of Skokholm off the Pem-
brokeshire coast. It is published as a book:
Shearwaters.  Lockley bought the storm-
swept Skokholm in order to raise sheep and
achieve a certain amount of peace and
tranquillity.  Iis old stone farmhouse
dated back many centuries and for com-
pany he had rabbits, vast colonies of sea-
birds, and itinerant flocks of migrating
landbirds.

No inhabitant of Skokholm intrigued
Lockley more than the Manx Shearwaters.
They came ashore in late spring to tunnel
about the out-buildings, makine the nights
reverberate with their melancholy love-
Several pairs made their homes in
the immediate vicinity of the garden. These
he came to recard as personal friends and,
in order that he could recognise them in-
dividually, gave each a band and a name.
The first pair he called ** Adam and Ada’’,
the second **Carol™ and **Caroline’’, and
SO on.

calls.

ach vear the shearwaters came back
and spent several months on Skokholm.,
raising a single young at the end of their
long, carthen burrows. He made many
notable discoveries about them. Ior
example, the members of a pair took it in
turns to spend up to ten days at a stretch
in the burrow with the ege or yvoung —ten
days during which they neither fed nor
excercised.  One summer, fishermen in the
Bay of Biscay caught a banded Manx
Shearwater and it was found to be one of
Lockley’s birds. This was the first hint
of a remarkable fact—that duringe the ten
or so days that one bird stays behind its
mate forages as far afield as the Spanish
coast—a return flicht of some 1,200 miles.

About this time biologists were hecominge
very interested in the subject of bird navi-
oation, especially as to how birds found
their way back to tiny nesting islets from
far out at sea. Some people doubted that
birds really did have a wonderful naviea-
tional sense. Reluetantly Lockley consen-
ted to a couple of the breeding birds on
Skokholm being flown by air to Venice and
released, not only on land (where they
would normally never venture) but sur-
rounded by the Mediterranean, an ocean
that it was extremely unlikely any of the
shearwaters had experienced before. The
result was staggering.  One bird not only
found its way back but did so in the record
time of fourteen dayvs. The distance:
930 miles over the Alps (a route that a
seabird would hardly follow), or 3.700
miles round the Straits of Gibraltar. Later,
another bird returned from Boston, a dis-
tance of 3.050 miles, in 121 days.

But to get back to Caroline—the original
Caroline. Up to Lockley’s time nobody
had any idea as to how long shearwaters
lived. Many of the birds banded by Lock-
ley returned to breed on Skokholm for up
to seven or eight summers, But one by one
the original birds returned no more, Caro-
line came longer than all. For eleven years
she shared the garden with Lockley, show-
ine that she was twelve, if not thirteen
yvears old when she disappeared. And durp-
ing her occupation of Skokholm she had
no fewer than four husbands: Carol I,
Carol 11, Carol III, and Carol IV
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By J. W. EVANS
VERYONE knows that many strange These animals nevertheless ave of g
and unique animals live in Austra-  scientifie interest because of theip “”
i falh L § B T

lia. Of these. some are to be found  tiquity; their isolated position g
nowhere else in the world. Others are of  scheme of insect classification . in‘.v--:'.v
interest because, although they may have they retain certain archaie xtl‘111-1||[-;||h.»',.w
close relatives living elsewhere, they are tures long lost hy other inscets ;'||1:llill;-
among the few survivors of the faunas of  cause of their geographical clixl]'ihmi;:l-
former geological epochs. They are sucking bhues t”(’lllil:ivt';:-.;w,lf
belong to a family known as 1!1;. i"'|:||-i;|li.;1

Most people, who have an interest in dne
L .

Australian animals, limit their concern to

the larger ones and are either unaware While representatives of this family hav
there are many lowly forms of life of equal  Dheen known to science for a little rl\'t"l“|‘|l;-l'
interest. or else perhaps they fail to recard a century, until comparatively ]'*.’l'i'll‘.‘-i.'.
such  ereatures as  worms, insects and  they have been regarded as oveat raritin
shrimps as ““animals™ at all. and very little indeed has heen know

e _ ) e about their habits and structure
Ihis article 1s about a group ol insects ‘ i : Sk

of which the representatives are so small The first of these bues was found 4.
that as many as fifteen could sit on a three- wards the end of last century in Tiems
penny piece and which have no beauty of del Fuego, the island which lies at the
form or colour to distinguish them. Al-  southern extremity of South  Ameriea
thoueh they have a pair of wings they are Some ten years later another was found
unable to fly, and they cannot even run or  close to the northern shores of Magell
jump,. but merely walk with a slow un- Straits. In 1924, two specimens, an adulf
oainly motion. Finally, they lead such an  and an immature form, were found in the
obscure life in remote places that they are  North Island of New Zealand and at abont
never likely to be seen by the ordinary the same time three more specimens wer
observer. found in the entomological collections o

A Peloridud Bug l”.-nm:l.f-j..;_.-
fidelis) found in the National ’“'
Tasmania. The insect 1s greals
magnified in this illustration;
}t‘!‘l;{'l‘l 15 about lr!\{‘-t'i;{itlh of an

1
jls actudl

inch
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A reconstruction of an ancient winged
insecl.

After  Handliyvseh,

the British Museum. These comprised two
adult insects, which had been collected in
Tasmania, and an mmature form trom
Lord Howe Island. When, in 1927, a fur-
ther search was made in the British
Museum collections, an additional speci-
men from Pataconia was discovered. Thus.
in thirty vears immediately following the
original discovery of a representative of
the group, only six adult inseets and two
larvae were known in the entomological
colleetions of the world.

U'p to this time the relationships of the
family with other sucking bugs were oh-
scure, but in 1929 Dr. W. E. China and the
late .J. (i. Myers studied the detailed strue-
fure of an adult specimen. As a result
they formed the opinion that the family
was an extremely isolated one of very ereat
antiquity. Nothing was known at this time
of the habits of the insects nor was it even
known on what plants they fed.

Then, in 1932, three specimens of an-
other species were taken in the MePherson
Ranges in Queensland and it was believed
by the collector that he had obtained them
by beating the branches of an Antaretie
Seech tree (Nothofagus). This occurrence
provided the first clue to a particular plant
association and for a time it came to Le
H!I[npnsml that the inseets fed on heeches,
sinee these trees grow also in South Amer-
ica, New Zealand and Tasmania. How-
ever, a yvear later this supposition was
proved to be incorrect when several more
specimens were collected in - Queensland
and all were found feedine and livine in
IT10S8S.,

[Following this discovery the pace hegan
to quicken and in 1936 I found a single
specimen of a new species in a private en-
tomological colleetion in Melbourne. This

had been taken some vears previously in
Beech Forest, Victoria, another leeality
where heech persists.

At this time 1 was livineg in Tasmania
and decided, since nformation was now
available about the food plant of the bug,
to make a determined search for represen-
tatives of the Tasmanian species. Several
attempts proved fruitless; but at last [
was fortunate, thoueh the discovery was
not of the inseet I expeeted to find.

It happened like this. My wife and [
were spending a week-end in the Tas-
manian National Park and at the end of
a day’s fruitless search for these insects
it came on to rain and we took shelter
under some stunted beech trees.  Whilst
we were sitting there, my wife suddenly
announced that she had found a Peloridiid.
not in moss but just walking about in the
open; and so she had. though it was not
a representative of the species formerly
described from the island but of an en-
tirely different one.

It is now known that these bugs. ¢an sur-
vive only in a saturated, or almost satu-
rated, atmosphere, and the reason that one,
or rather several, of them were found in
the open away from the moss was because
it was rainine at the time.

The particular species found in the Tas-
manian National Park is shown in the
accompanying illustration. It is only about
one-eighth of an inch long, flattened n
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shape and greenish-brown in colonr. When
sitting on moss it is very hard to see. It
cannot fly, since it lacks hind wings, and
it moves very slowly indeed, and unlike
many plant bugs cannot even jump.

The discovery of abundant material of
this insect made possible a more detailed

investigation of its structure than had
formerly  been undertaken.  This  dis-

closed several interesting features of which
the most striking was the nature of the
flaps at the side of the body. between the
head and the front wings.

The carliest known fossil winged insects
have been found in roeks of the Carbonifer-
ous period, which ended some 250.000.000
vears ago. Several of these early insects
had. in addition to wings on the second and
third segment of the thorax, a pair of
non-funetional lateral flaps on the first seg-
ment of the thorax. A reconstruction of
such an insect is illustrated. It 1s supposed
that before insects had acquired powers of
true flight they were able to glide with the
aid of lateral expansions of all these three
segments.  In time the two hindmost pairs
of flaps came to be replaced by movable
wings, but never those on the segment of
the body immediately behind the head.
These, however, were retained for a time
by some groups of early winged insects.

956

It is believed that the lateral eXPansion.
on the sides of the front part of the '|md|\-
of Peloridiid bugs are of the same mnn:\-
as  those ocenrring on  some primiti]\-‘.
winged inseets.  This is of vepy ump
interest and. though there are othep i A

N i]lsa.-,
living gl

to-day with superficially Similgy
. . " g
expansions, they are in every Iy

0 . - ah . ’“']l !“l
stance of quite different derivatio

1.

OFf recent years an additional
Peloridiid bug has been found
America and, as well, several in New Zeg
land.  Although these bugs do not fee .
evergreen beeches, yet they have the .Nillm-
pattern ot geographical distribution. Hey
it can be anticipated that further Speciis
remain to be discovered in such plzu-@-; ;1;
the Barrington Tops area in New Soth
Wales and at high altitudes in New (e
and New (Caledonia. |

S]’\(_‘i'ills of
m Humh

ll 0on

Evidence derived from several SOTTees
suggests that up to the close of the Mesozuis
geological epoch, which was the period
when huge reptiles inhabited the earth, the
southern continents, including Antaretiog,
formed a single land mass. 11 this was s
then it would serve to explain how thes
flightless, moisture-loving insects come fi
live in lands now so widely separated.

"

A_sp_ear ordeal i_n the N"‘P“m district, N.S.W., is the subject of the third wall
painting o be (llsplaycd_ In the Aboriginal Gallery of the Australian Museum.
Mr. F. J. Beeman, who is in (‘.harge of the Museum’s Department of Art & Design,

painlcd the three murals under the direction of Mr. F,
Anthropology, and is now at work on a fourth.

D. McCarthy, Curator of

There are to be six murals in all.
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Nature Quiz

UCH of the activity of a muscum centres around inguiries.

The

curious as well as the more servious scekers of  know-

ledyge are constantly asking questions of the specialists. Some
queries arve sumple and direct : others call for lengthy answers which
are partly met by the information contained in a number of printed

pamphlets,  Owver the

years, the
a lList of popular queries having a wide public appeal.

Australian Museum has qgathered

Their proved

interest has prompted the presentation to readers of **Natuwre Quiz,””

i question and answer form.

It is intended that this featiwre will

continwe for several isswues of the magazine.

.: Is a Crayfish a Lobster?

A.: No! But most Australians use both
names indiseriminately. **Marine Cray-
fish'" is the best term, and is one which
avoids confusion with our Freshwater ('ray-
fish. There are no lobsters in the seas of
the southern hemisphere; the several kinds
of large commercial marine erustaceans
fished in Australian waters belong to an
entirely different family, only remotely re-

lated to their northern counterpart. Fur-
thermore they lack claws or mnippers.
Lobsters have powerful claws and arve

found only in the far North Atlantie and
adjacent seas.  Early Australian settlers
called onr marine crayfish *‘lobsters’ and
the name has persisted. The French have
a distinetive name—Ilangouste—for a Medi-
terranean and Eastern Atlantic relative of
onr marine crayfish. Its adoption in Aus-
tralia would remove all cause for areunment,
and is much to be preferred to the Ameri-
can compromise of **Spiny Lobster™.

Australian Freshwater Crayfish possess
a pair of big claws, and two giants of the
freshwater family are occasionally, though
meorreetly, referred to as **Murray River
Lobster™ and ““Tasmanian Lobster’™”.

().: What is responsible for the fascinal-
tng variety of colours in living corals:
colowrs which so quickly fade when e
qrowlhs are taken from the sea?

Ao The colours of the reef-building
corals to be seen along the Great Barrier
Reel ocenr in the delicate fleshy parts of
the growths. These parts quickly die when
talken from the water, and lenethy ex-
postre |°ntll|l|l‘h'.~; the I||:';|1'|lil|$_.£' process 50

that only a dead-white skeleton of car-
bonate of lime remains. In the living flesh
there are present certain lowly forms of
marine plants (algae), and mostly it is
through them that colour is given to the
corals; the flesh itself is rarely tinted. Once
corals die nothing can preserve their varied
hues; for exhibition the bleached skeletons
must be artificially coloured.

().: Is that scavenger of subwrban gar-
dens, the Slater, an insect ?

Ao Although loosely called an inseet,
the Slater is far removed from that class of
animal life. It is a crustacean, and as such
could be expected to belong to the sea or
at least to a pond or a stream. There are
other land-living relatives of the Slater
and all are grouped with the Sea Lice, so
plentiful in all oceans. Another name for
the Slater is Woodlouse which sugeests
some connection with its marine cousins.
As a migrant from the sea the Slater shows
a remarkable adaptation to a land exis-
tence.  Instead of breathing through egills
its method of absorbing oxyeen is compar-
able to that of insects. At the end of the
body, on the underside. are conspicuous
white tufts of fine branchinge tubes whereby
air is brought directly in contact with the
blood eirculation.

().: Do Alligators occur in Australia?

A.: Although the name *‘alligator’™ is
in common use, hoth as a place name and
in speech, there are none of its kind in
Australian waters,  Alligators are found
mainly in the Central American and nor-
thern South American region : outside this



I
| BV

arca there is one small kind oceurring in
some of the streams of China. “*Crocodile™
is the correct term for Australia’s giant
reptiles, which are of two kinds. One (the
smaller) lives only in the freshwater
streams and lacoons of far northern tro-
pical parts: it is harmless and arows 1o a
length of about 6 feet. The name John-
ston’s Crocodile has been given to it in
memory of its discoverer. It is the Indian
or Estuarine Crocodile, the larger of the
two kinds, which is dangerous.  Examples

have been  killed measuring 24 feet in
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leneth. In tropical parts the species ranges
from India, through the East Indies, tq
the coasts of north and north-eastern A
tralia. Compared with the conspicuonsly
broad muzzle of an alligator., that of ,|
tapers o a narrow extremity,
There is. in addition, a noteh on each side
of the jaw near the snout, which
accommodates  an Fourth tootl
when the jaws are closed. None of ap
alligator’s teeth is visible when the mouth

crocodile

Lpper
exterial

closes.,

Trigonia—A Living Fossil

B; DONALD F.

ILLIONS of yvears ago, about the

time that the sandstone rocks oun

which Syvdney is built were being
formed, there lived in the oveans of the
world a gronp of bivalve shells. They were
quite triancular in shape, and thus were
civen the scientific name, Trigonia. Their
shells accumulated over the yvears in the
silts and sands of the ocean bottom, and
eventually became fossilised in some of the
which
millenia.

rocks formed during the ensuinge

At the close of the Mesozoie era (about
60 million vears ago), this group of shells
oradually became less abundant in Euro-
pean and, to all appearances, soon
became extinet.  Their shells do not ocerr
as fossils in the rocks formed during Ter-
tlary time, and scientists were convineed
that they had died out. Imagine then.
the surprise of the French naturalist,
Peron, when with his fellow collectors on
the voyage of the IFrench exploration ship
Geographe, he found on a beach in southern
Tasmania a shell which seemed to be the

Seds

same as the well known fossils. Dack in
France, the ereat zoologist Lamarck de-
seribed the shell as the first living 7-

gonia, calling it T, margaritacca hecause
of its beautiful rridescent interior.

McMICHAEL

[nstructions were given to  the next
French scientifie expedition to search out
this living fossil, and to bring back a
specimen of the animal which formed the
shells.  So two other great French natura-
lists, Quoy and Gaimard, who sailed with
the Astrolabe, searched high and low for a
livine specimen. In Kine Georee’s Sound,
and in Westernport, Vietoria, occasional
dead valves were found, but none was taken
alive. Then one night as the Astrolabe lay
becalmed in Bass Strait, a few hauls of
the dredee were made and there, among
the deep-sea animals and debris, was the
object of their search—the first living spec-
men of this ancient fossil group. One can
imacine the exeitenent as Quoy and Gal-
mard examined it carefully under the light
of a flickering ship’s lantern.  Many more
specimens were then secured, and so oné
of the important aims of their expedition
had been accomplished. But this was not the
end of the tale. The Astrolabe sailed north
up the coast of Australia, continuing her
explorations and  seientific investigations,

until she reached the Friendly Islands.
where the ship was in danger of bemd
wrecked on the reefs at Tonga.  Despite

the peril he was in, Quoy rushed back to
his cabin to save his precious specimens,



Fg. l.—(Above) Top Left—Trigonia elongata from

the Jurassic clay at Launoy, France; Right—T rigonia

meorei, Jurassic, from Geraldton, Western Australia.

Below are two species of the fossil genus Eotrigonia

from the Tertiary rocks of Vctoria. Left—E. talei;
Right—E. semiundulata.

Fig. 2.—(Right)—Fossil and Recent Neotrigonias.

Below, left—N. acuticostala; Right—N. howilti, both

from the Tertiary of Victoria. Above are two living

species related to these fossils. Lefl—N. bednalli from

South  Austral'a;  Right—N. margaritacea  from
Tasmania.

which he prized above the rest of his collee-
tion, declaring that he would not dare to
return to France without them.

This discovery must have excited as
much interest at the time as did the find-
g of a living coclacanth fish off the coast
of Africa a few years ago. And it was just
as important from the seientific point of
view, for the anatomists were able to dis-
sect the animals of a group of shells whieh
had Tived unchanged for millions of years,
and thus learn something of the position

of these molluses in the evolutionary se-
(quence,

The shells are placed in a separate
family, the Trigoniidae, which includes
a number of different genera, and many
distinet species.  Of these, only six are
living to-day, and all are found alonge the
Australian coast.  Later research has re-
vealed that the shells do ocenr as fossils
in the tertiary rocks of Australia, where
alone they have persisted sinee Mesozoie
time.

Fig. 3.—Recent Neotrigonias. T'wo lop figures— IV.
lamarckii from Sydney Harbour; Centre—N. gemma
from deep water off the New South Wales coast;
Bottom left—N. uniophora from Queensland; Bottom
right—N. strangei from New South Wales.

The present day species are placed in
the genus Neotrigonia, which means **new
trigonia’ to emphasise their present day
existence, as well as eertain minor differ-
ences in the appearance of the shell. The
common name for them is Brooch Shells
because of their delightful Tustre, and they
are used for shell jewellery.  The ex-
terior of the shell is marked with a series



of radiating rideges and nodules and the
hinge ‘‘teeth’ are large and strongly ser-
rated ; these features are characteristic of
the group.

The commonest of the living species,
which was first found by Peron and by
Quoy and Gaimard (N. margaritacea), .is
the largest, reaching about 1} inches in
length, and it oceurs along the coasts of
Tasmania, Vietoria and into southern New
South Wales. There are several other liv-
ing species recognised and these are all
illustrated in the accompanying figures,
where their names and ranges are given.
The Australian tertiary fossil species are
mostly classified in the genus Fotrigonia,
which seems to represent the transitional
stage between the true Trigonias of Europe
and the present day species. Some of these
fossils are also illustrated, to show the re-
semblance between the fossil and living
forms.

All the living species of Neotrigonia
ocenr in fairly deep water, between 10
and 100 fathoms, and only dead shells are
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seen on the beaches after storms. The
common species in Sydney Harbour, which
can still be taken alive is N. lamarcki.
There is a most amusing story connected
with the discovery of this species, which
was first found alive by Mr. Samuel Stuteh-
bury, while dredging in Sydnev Harbonr.
Three specimens were brought up and
placed carefully on the seat of Mr. Stuteh-
bury’s boat.  While his attention was
diverted for a few moments, two of the
animals extended their feet and, grippine
the wood with a sort of suction dise which
their feet can form, egave a twist and a
Jump and disappeared over the side, clear-
ing a height of about 4 inches. While My,
Stutehbury stared in amazement, the third
animal followed suit and joined his eseap-
ing brethren. It was many days hefore
more specimens were taken, but meanwhile
the story of the fugitive shells was quickly
noted by the scientifie world and is still
recounted in textbooks to illustrate the
amazing activity of these unique Austra-
lian “*livine fossils’’.

Book

IsLaxps or MEN: INsipE MELANESIA, by Colin
Simpson, Angus and Robertson, Sydney, 1955,
248 pp., 23s.

This book, the third in the series written by
the nuthor on the Melanesian natives, takes us
further afield than the other two bhooks on central
New Guinea.,  The latter island is mentioned in
the deseriptions of the Sepik River and of Mfi]il'ili
village with its great House-Tamberan full of col-
ourful earvings and bark paintings, and also in
the story of Shangri-La, or Lavanij Vallev, in
which the customs of the Huri, of the Wig-men
at Tari, and neighbouring peoples are deseribed.

There is a eritical review of the Condominium
in the New Hebrides and of the difficult, some.
times ludierous and ineredible methods of adminis.
tration which the joint  1reneh and
administration provides.

British

A eritical assessment of fire-walking by the
Fijians of Bengga adds to the value of the
fascinating chapter on this practice in the Pacifie

Note

and clsewhere.  The story of the girl Malua on
Vaituli is typical of brown women ana white men
in the Pacifie, but it illustrates well the human
touch with which Colin Simpson likes to beguile
his readers.  Thus the native police sergeant,
Kaikai, who hates to arrest anvbody, is a like-
able charncter in the opening chapter ahout Mer
Istand, Torres Strait, and the fertility god,
Waict.  Simpson, too, is g thoughtful writer on
the culture-contaet  situation in the Pacific
islands, and the future of the natives there is
a problem of great concern to him. as his analysis
of the Cargo cult in the New Hebrides well
illustrates,

Istands of Men is a book of considerable
mterest to the island resident, government offieial,
traveller, mixsinn:u')‘. anthropologist and general
reader. Tt is full of detailed observation and
thoughtful eriticism, [t is  well  illustrated
the colour plates woere provided by Sir Fdward
Hallstrom and there is o |‘II:II'IlIill;I‘ series of line
drawings by Claire Simpson,

—1I". D. McCARTIY.
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Meteorites and the Earth

By J. F. LOVERING

Department of Geophysics, Australian National
University, Canberra

N June 30, 1908, at 12 a.m. (G.M.T.)

a huge explosion somewhere in

Siberia started earthquake-record-
ing instruments jiggling all over the world
and caused a shock wave that was felt in
western Europe.  The mystery surround-
ine this explosion was not solved until sev-
eral vears afterwards when a party of Rus-
sian  scientists  searching the swampy
forested country near the Tuneuska River
in Siberia came upon a fantastie scene of
devastation.  The forest had been almost
completely destroyed over a zone extend-
ing from 18 to 25 miles in diameter in
which all the trees had fallen radiantly out-
wards from a large number of eraters up

to 180 feet wide and 13 feet deep. Spora-
die damaee to the forest extended as far
as 75 miles away. Although no actual

fragments were found, it is generally
acreed that this catastrophe could have
only been due to the fall of a huge meteo-
rite. Estimates of its size have ranged from
a hundred thousand to ten million tons.

Although this is the only catastrophic
fall in historie times, there are twelve loca-
lities of ceraters of definite meteoritic ori-
oin spread over the earth’s surface. It
is perhaps significant that four of them
are found on the Australian continent.
The largest meteorite crater in the world
is found at Canyon Diablo in Arizona, just
a few miles off Highway 66, the main high-
way which crosses the United States from
west to cast, From the air it has a more
or less square outline and is about three-
quarters of a mile across in its widest part
and 570 feet deep. Estimates of the size
of the mass vary from 5,000 to 25,000 tons.
Even the combined weight of fragments of
iron meteorities found scattered around the
rim totalled over 30 tons. It is generally
agreed now that there is no buried main

mass. The colossal energy of impact would
have bheen sufficient to disintegrate and
vaporize most of the mass.'

The largest Australian crater was dis-
covered in 1947 by a party of oil geologists
flying over Wolf Creek, in the Kimberley
District of Western Australia. This ecir-
cular crater is over a half a mile across
and 160 feet deep. The other Australian
craters are on Box IHole Station, Plenty
River and at IHenbury, in the MeDonnell
Ranges of the Northern Territory. Another
small erater was found at Dalgaranga in
Western Australia.

When faced with their destructive effects,
the man in the street starts to wonder
just what are meteorites? Where do they
come from? Is it likely that a large meteo-
rite will fall in a populated region and
cause more havoe than an H-bomb? To the
scientist some of the answers are mmpor-
tant because he believes that meteorites
are the only direct representatives of the
heavy eclement fraction of the primordial
material from which the planets of our
solar system have formed. In particular
he wants to know more about our own
planet, earth, and meteorites can give him
quite a lot of information about the com-
position of our planet’s interior. The ques-
tion of where the various elements are con-
centrated in the earth can aid us in the
search for ore deposits, and certain funda-
mental studies on the distribution of ele-
ments in the various phases of meteorites
has given us a better picture of the reasons
why elements concentrate themselves as
they do.

Where do meteorites come from? It
seems certain that meteorites are part of
our solar system and most likely had their
origin in the region between Mars and
Jupiter, about 200 million miles from the
earth.  This region is now ocenpied by

) 'See also Chalmers, R, Q

TH1s MAGAZINE, ix,
2, 1946; 55.
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Meteorite Crater at Canyon
Diablo, Arizona, U.S.A.

a ereat number of small bodies called the
Asteroids.  All told there are about 30.000
of them, usually with diameters less than
50 miles. The largest Asteroid, Ceres, has
a diameter of 450 miles. The Asteroids are
almost certainly composed of meteoritic
material so that the orieins of both Aste-
roids and meteorites are essentially the
same problems.

One of the most controversial points of
isstie between seientists interested in the
origin of the solar system is concerned with
the question, whether the Asteroids and
moteorites were part of a disintegrated
planet, much the same size as Mars, or
whether they were never part of a single
mass but were formed as a number of
smaller masses much the same as they ap-
pear to-day. It is hoped that present-
day studies on meteorites will give some
information which may scttle the ques-
tion.  The available evidence sugeests to
the writer that meteorites had their oriein
in either a single planet-like body or else
i a few bodies of smaller size but identical
structure and composition.

What do meteorites look like?  The
meteorites we observe strikinge the earth are
but a very small fraction of the number
which actually enter the earth’s atmos-
phere. Most of them are too small to sur-

vive the frictional battle with the
atmosphere and vaporize in a flash of light.
The result is a ‘‘shooting star’’. Only
the lareoer meteorites actually reach the
carth’s surface where they range in size
from fine dust particles to the huge masses
which have caused the craters. The largest
known single meteorite was found at Iloba
i south-west Africa and weighed 59 tons.

Meteorites are usually elassified into
stony and iron meteorites according to the
main mineral phases which are present. The
stony meteorites are composed mostly of
cilicate minerals, much the same as are
found in certain of the rarer type rocks on
the carth’s surface. The iron meteorites are
composed almost entively of an alloy of
iron and nickel in which the nickel content
varies from 5% per cent. to 62 per cent.
These 1ron meteorites are particularly in-
terestine.  Some of them, when etehed with
an acid, show a regular pattern of inter-
sectine bands called Widmanstitten bands.
These structures have heen  studied by
metallurgists in an attempt to eet some
idea of the temperatures and pressures at
which these alloys solidified.

A third type, the stony-iron meteorite,
is mueh rarer than the other two, and con-
sists of equal quantities of metal and sili-
cate minerals.
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The Binda aerolite
(stony meteorite)
showing fusion crust
and flight markings.
It was seen tlo fall
near Crookwell

N.S.W. in 1912.

Another problem is raised by the origin
of the dark, glassy, curiously shaped ob-
jects known as tektites which have been
found in isolated regions on the earth’s
surface. Althoueh a tektite has never been
observed to fall, their curious shape and
widespread distribution have suggested a
meteoritic origin.  Tektites have been sub-
ject to a considerable amount of study in
recent vears and, particularly as a result
of ace determinations, it now seems that
their properties are more consistent with
those of voleanic material ejected from
carth volecanoes and transported for con-
siderable distances by air currents.”

What can we say about the origin of
these various types of meteorites?  About
4} thousand million years ago, at least
some of the planets of the solar system be-

* Remarks supporting the eurrently held Austra-

lian view of the cosmie origin of teklites, were

made by Hodge-Smith, T, Tiis MaGgazINg, v, T,
1934 ; 225

e i )

can to melt and the stony and metallie
material which formed part of the prime-
val planetary accumulations began to sep-
arate out under gravity with the metal
sinking to the core and the stony material
forming a rocky crust. In the case of the
meteorites, either they formed a single
planet or else a few separate smaller but
similar bodies in which much the same
sort of processes went on. Because of their
smaller size and their limited gravity fields,
separation of erust and core was not com-
plete in the parent bodies and a transition
zone of incomplete silicate and metal sep-
aration formed between them.  Then, he-
cause of collisions amonest themselves, or
else collisions with other hodies, the parent
meteorite bodies broke up. The fragments
of the stony erust became stony meteorites,
the fragments of the core beeame the iron
meteorites and the fraements of the erust-
core transition zone became the stonv-iron
meteorites., .



[t appears, from data provided by the

ceophysicists who  study ecarthquake
records, that the heavy core and the

lighter crust of the earth formed by a simi-
lar sort of process, and that the core is
very probably metallic iron while the erust
is stony (i.e., silicate) material.

What chances are there of a city being
struck by a giant meteorite? Such an
oceurrence at this stage in the evolution of
the solar system, would he very unlikely.
To beein with about 71 per cent. of the
earth’s surface is covered with water, so
that the chances of a hody hitting land are
correspondingly reduced. Also the chances
of a body hitting a heavily populated re-
agion are further reduced when we consider
that so much of the earth’s available land
surface is sparsely populated. Certainly in
the past the earth probably was bombarded
with many meteorites, but it is likely that
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most of the available meteorites have long
been swept up by the ecarth-moon svstem
or the other planets. Perhaps the surface
of the moon reflects what the surface of
our planet may well have looked like it al
traces of past hombardments had not heen
wiped out by water erosion, a process which
is characteristie of our planet. Then. too,
the armour-plating effect of our atmosphere
has certainly  reduced the numbers of
meteorites which reached the earth’s sur-
face.

There is, then, no cause for alarm about
large-scale destruction by meteorites. But
there is considerable cause for excitement
in the results which have already become
apparent from recent studies on meteorites,
You could materially aid the study by sub-
mitting to Museums any unusual looking
rock or metal specimens which yvou consider
could be a meteorite.

MISS JOYCE ALLAN

Miss Joyee Allan
Curator of Shells at

(Mrs. H. W, Kirkpatrick),
the Australian Musewmn, re

tired in June because of ill health.  Miss Allan
Joined the Museum as a scientifie cadet, heing

the first woman member of the seientifie staff,
She concentrated on molluses and  received  hoer
training in this field under the late Mr, Charles
Hedley and My, Tom Iredale, she rose to the
position of Assistant Conchologist amd was ap-
pointed Conchologist (the title was changed later

to Curator of Mollusesr when Mr, Tredale retived
in 1944,
Apart from seientifie and “popular”™ papers

(hep particular field is the study of Nudibranchis
and Cephalapoda ), Miss Allan is the author of two
hooks—the well known Australian Shells and, more
recently, Cowry Shells of World Seas. She has
collaborated with My, G. P. Whitley, the
Musecuni’s Curator of Fishes, in the preparation of
another, smaller work, The Scaliorse and s Rela-
tives, which is now with their publisher.

also

All three books have heen illustrated by Miss
Allan whose ability as an artist has also Leen
put to good use in her own and ofher seientists'

papers. to the number of some 7,000 illnstrations.
These have appeared in Austealian Museum publi-
cations and other seientifie periodieals sueh as the
Australian Zoologist, Victorian Nalturalist, us
lralian Encuclopacdia and Juwwior Eneyclopacdia ;
also in the British Musceum Report of the Barrie
Reef Expedition,

Due to her initiative, the collections of shelis
on view at the Musenm were arvanecd as a ponnla
display “with #@ story to tell™, rather than as in

RETIRES.

dividually-named speeimens, and she found this
arvangement paid handsome dividends to her de-
partment in gifts of interesting material to add lo
the colleetions,

During her years with the Department of Mol
luses, Miss Allan undertook considerable ficld work
in New South Wales, at Lord Howe Island, and
in New Zealand. In World War 1T she was secon-
ded to the Department of National Emergeney
Services as personal assistant to the Supervisor
of Training. In this post her Museum experi-
ence with 16 mm. instructional films was put to
good use in the development of an important film
section for ARP training,

Miss Allan was the first woman to be made o
IPellow of the Royal Zoologieal Society of N.8W,
and is patroness of the Malacologieal Societv of
Vietoria, She has been o delegate to a number
of seience congresses including the Toternational
Congress of Zoologists in Denmark, 1953, anwd
during the same period attended the Colloquinm on
Zoologieal Nomenelature as the Australian repre-
sentative, While abread she studicd at the British
Muscum and other European muscums and made
meayv notes for her hook on cowry shells.

Writing for the Press, broadeastine and lectur-
ing also found a place in Miss Allan's eaveer and.
as her health intends to eontinue
her resenrveh work and other of her aetivities, in-

improves, she

clhuding  the writing and illusteating of  another
hinolk,

At a farewell to Miss Allan the Musenm Stalt
presented hey with a1 muttineer set on o silver
salvor, The  Trustees of  the Museum  have

:||i|milllc-{| Miss Allan an Zoologist.

Honorary
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Life History of the Freshwater Eel

By G. P. WHITLEY

NI of the most romantiec of Dame

Nature's seerets, and one which she

has particularly slow in re-
vealing, is the mystery of the life storv of
freshwater eels (lugwillay. Their method
of propagation has, until quite recently,
heen a ereat puzzle to naturalists, hecause
no eels have bheen observed breedine in
fresh water.

heen

[TisroRrie L

Lone aco, Arvistotle, the father of natural
EH&MH?;IHHtHIIhHIt145<ﬂﬂﬂilrru“w On dry
oround, that they made their way down
from marshes and rivers to the sea, and
that they were neither male nor female,
havine no ecos.at all. He thoueht that eels
arose from the ““entrails of the carth ™. i.c.,
worms.  Curious worms known as Gordius
are sometimes found in ponds and streams;
they are like long tangled black threads,
and some live, when young, as parasites
i insects. On the death ol their hosts they

make their way into water where they lay
their cges. Observing these aquatic worms,
the ancients came to believe that horse-
hairs, if soaked in water, would eventually
oive rise to cels, a belief which is still preva-
lent in some of the more obscure rural
districts of lSurope.

Large ecls were assumed to be females,
although the inconspicuous ovaries with
their minute contents were not discovered
until 1707. The males were not recoenised
until  Dr. Syrski, an Italian naturalist,
identified them in 1873,

THE KEL

long been known that eel fry,
about 25 inches long, termed elvers, make
their way from the sea into the mouths of
rivers, which they ascend at certain seasons
in ercat numbers, forming what is known
as an eel-fare, but, for a long time, no
earlier stage in  their life history was
LIHHYH. .

Toe ““Tabrone’ or

It has

BREEDING
GROUND

B

AV

ATLANTIC OCEAN

1| vear 2|YEarRS 3

Yli‘\R'_i_ 518 YEARS
Map ef migrations of the European Eel.
Mawlitied rom Clarke & Smith
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At intervals, however, curious. trans-
parent leaf-shaped fishes, called *‘glass
cels™ or Leptocephali, were obtained in the
Mediterranean Sea, and, whilst evidently
related to were regarded by some
naturalists as freakish little monsters whose
development had in some way been arres-
ted. Some seventy years ago, however, a

rench zoologist, Yves Delage, kept a glass
eel in an aquaritm, and was surprised to
find that it shrank in size, lost its trans-
parency, and eventually developed into a
little conger. Later, two Italians, Grassi
and Calandruceio, had a similar experi-
ence with another species of Leptocephalus,
which became a typical elver. Thus was
discovered what Sir Ray Lankester has
called the ““tadpole™ of the freshwater
i'l'l.

Since all the glass eels obtained up to
the end of the nineteenth century were
collected from the Mediterranean, it was
supposed that the European eel spawned
there, and at that time such an hypothesis
was quite feasible. But in 1904, two were
captured in the Atlantic Ocean, and an
unexpected  complexity  confronted  those
who thoueht that an answer to the “‘eel
question” had been Found.

t'l‘]‘-;.

Lire or 11ir Euroreax BEen

As eel fisheries are of great importance

im Denmark, the Danish Government selec-
ted Dr. Johs, Sehmoadt

AUSTRALIAN MUSEUM
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Leftl—An  cel-fare in Victoria,
Elvers wriggling up the rocks below
Hopkins Falls.

Copyright I’ hoto, F. Lewis,
Below—The  author  collecting
Anguilla reinhardtii  at  Prospect
Reservoir, New South Wales, in
June, 1925, for Professor Schmidt's

researches.
Photo.—1. W. Morris.

Laboratory, Copenhagen, to investigate the

problem in detail.  This he accomplished,
after many years of patient and diffieult
work. Briefly stated, the following is the
life-history of the common eel of Europe
(Anguilla vulgaris) as traced by Dr.
Sehmidt,

The eels, having attained a large size in
fresh water, seize the first opportunity to
migrate to sea, and gunided by instinet,
make their way to a locality. hundreds
of miles from their home streams, situated

in the western Atlantic Ocean, north-east
ol the West Indies.  Here. the cges are
evidently deposited (it is elaimed that a

6o Ih, el |l|‘mlllm'\; nine nmillion poos ), but
there is no record ol the survival of the
parents,  which  having  tulfilled  their
destiny, are seen no more.
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I'he topmost fish is a full-grown “glass eel” or Leptocephalus from the Atlantic;
the two at the foot of the illustration are elvers. The intermediate stages in the
change of these larvae are clearly shown in this series. Natural size.

After Johannes Schmidt
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Short-finned eel, Anguilla australis.

The newly-hatehed glass eels, one-quarter
to half an inch long. live for a few months
at depths of about 650 to 950 feet. After
growing to a length of about one inch, they
come to the surface and commence their
long journey to the coasts of Europe. At
the end of a year, the little travellers are
about two inches long, and most of them
have reached the central Atlantic.  Thou-
sands are devoured by fishes and other ani-
mals on the way., but, a year later. the
survivors, still retaining their transparency
and leaf-like shape, are nearly three
inches in leneth, and have almost reached
their destination.  Next, they actually de-
crease 1 length and height, assume the
elver form, and make for the mouths of
rivers.

The males stay in freshes, and rarely
erow loneer than 18 inches. The females,
however, ascend even the smallest streams,
penetrating  hundreds  of  miles  inland,
stocking rivers and water-courses en route
Arrived at a suitable place, they feed and
grow as ““yvellow’™ cels for a number of
vears, which varies according to condi-
tions. When nearing maturity they become
Fat and silvery and, the migratory instinet
asserting itself, make their way seawards
onee more, travelling nobody  knows for
how long, to the far-away waters of the
western Alantic, there to lay
and there to die,

The American freshwater cel (L1 ros
tratu) has a similar life-history.  Tts breed-
ing place is a little to the sonth-west of
that of the European eel. but the larvae o
the two species intermingle in some places

fheir eoos

After ). Richardson.

The elass eels of the American species have
not nearly so far to travel as those of the
European, so that they take only about
a yvear to attain the elver stage.

AUSTRALIAN FRESHWATER EELS

There are four species of freshwater eels
known from Australia, the commonest
heing the Long-finned Eel (1. ru’m’mrfh'.ii}
and the Short-finned Eel (A, austrahs),
distinguished by the extent forwards of
the dorsal fin and by their coloration. These
orow (exceptionally) to about 53 feet long
and 36 1h. weight. With the exception of a
few cels caneht at Rochuck Bay, and others
introduced into the Swan and Avon Rivers,
Western  Australia.  freshwater eels  arve
known in Australia only on the eastern
slopes from Cape York to Victoria and
around Tasmania, a few frespassing over
the south-eastern boundary of South Aus-
tralia. I8els have been caunght at Bourke
and Wilcannia, western New South Wales,
but they probably travelled by land and
water from the east coast.

Many seaward migrations of eels trom
Prospeet Reservoir, Sydney, have ocenrred.
At comparatively long intervals, when :[]1-
normal raimfalls have filled the reservorrs
to overflowing, countless numbers of cels,
up to fully 15 1b. weight, escape over the
by-wash at Prospeet Dam, and make llll'!ll'
way down the ereck to George's River and
thenee, probably, to Dotany DBay. Some
idea of the magnitude of these migrattons
is conveved by the fact that many cart
loads of used to be collected .|'rnm
shallow pools alonge the creck, their weiehts

cels
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rancine from 3 1h. upwards. As a rule, the
overflow is of short duration: one oceured
on 25th June, 1925, and lasted only a few
hours. but eels weighing approximately
half a ton were then collected for Dr.
Scehmidt.  One female, A. veinhardtin, re-
presented by a cast in the Australian
Museum. had nllions of eges in its ovaries.
«o that it was due to breed shortly, had
it completed its interrupted journey to the

sed.

Grass EeEns axp Ervers v New SouTH
WaLEs

At various times, *‘elass eels”” have been
washed up on ounr beaches; practically
nothing is known concerning them at pre-
sent, but some of them are the young of
marine eels.

Mr., F. A, MeNeill, of the Australian
Museum, was the first person to collect
elvers in New South Wales, and he pre-
served them for s«entific use. He found
them under Hat stones between tide-marks

at Coogee Bay in March, 1922, not far
from the outlet of a storm-water pipe
which opens on to the beach. Though

no water was running at the time, the
elvers perhaps detected faint traces of
freshwater which had percolated through
the sand, and were evidently waiting for
an opportunity to leave the sea for inland
waters.

[t is recorded that hundreds of small
cels, about the size and thickness of a lead
peneil. were observed  during the 1917
C‘hristimas holidays, elimbing up the con-
crete face of the Goulburn water-supply
weir, whilst a similar occurrence was wit-
nessed in 1912 at Moonee Moonee Creek,
Hawkeshury River, where laree numbers of
small eels elimbed the slippery face of the
rocky fall which prevents further inland
encroachment by sea-water.  Elvers have
also been observed travelling up a stream
which enters the sea at Maroubra. Other
cel-fares have been reported from Parra-
matta', after rain, in January to April in
VArIONS  years.

Whitley, Avst. Muos, Maag. iii, 10, 1929, p. 348,
Wialford, Avsr. Mus., Mad. iv, 4, 1930, p. 139,
Powell, Adwst, Nealwralist, yviii, 1930, p. 3%,
|‘:,<_l:|>_ et )'a'ff.-f. xvi, 1939, |t s3.

The late Dr. Johs. Sehmidt recommended
the Following methods for collecting .—

““Klvers can be caught with a shrimp net
in the followine manner. ITold the net
pointing downwards as for shrimping, with
the straieht, front side pressed well down,
following the bottom so closely as always
to bring up some of the sand or other
material, as the elvers bury themselves some
wayv down in the bottom.

“The net must also be pushed along at a
pretty cood pace, so that the water flows
through the meshes briskly.  After walking
a little way in this manner, lift the ne?
smartly out of the water, otherwise the
elvers will escape.

“In order to use the shrimping net, the
bottom must be fairly level, whether it be
sand or grass.

“Elvers can also be caught in other ways,
by lifting stones that are settled fairly deep
in the sand.  The stone must be lifted
away with a quick movement. and there
may at times be a number of elvers in such
a spot, so that quickness is essential. Where
there are many, they can be bailed up with
the hands, for instance, scooping them over
into the net. which must be placed in readi-
ness beforehand close to the stone to be
removed.

“They can also be taken with tweezers
before they have again burrowed down into
the sand or gravel where the stone was em-
bedded ; this, however, can only be done
where there are few: if there are many, it
is better to scoop them up by hand into the
net.

“Where small waterfalls occur, one may
often find elvers erawling up the stones at
the the fall, where the water
splashes over; in such cases, 1t s best to
take them with tweezers.

sicdle of

“Elvers arve found as a rule at the out-
let of all fresh water channels lowing ont
into the sea, also far up in lLittle streams
and ditehes. ™

[lvers evidently the streams
For only a few days in each year, and if
any of onr readers should secure a hundred

|HIHH LL}Y

or so and send them, packed in moist rags,
in tins or bottles, with full particulars as
to place and date of capture, to the Divector
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of the Australian Museum, they will
materially assist  scientifie  investigation.

From such specimens, valunable data may
be gleaned, and a further stage forward
will be reached in the unravelling of the
life-history of a fish which is not only of
interest scientifically. but which may, in
the future. be more highly esteemed as
tood.

Dutchmen and other New Australians
are making use of the freshwater eels of
Australia for table delicacies and export.

According to the Sydney Morning
Herald, 29 June, 1956, p. 1, engineers of
the Snowy Mountains Authority are
attempting to prevent eels from coastal
streams entering the western rivers sys-
tem. Eels threaten to pass through tun-
nels of the Adaminaby and Jindabyne
Dams and are proving difficult to combat,
some eels having passed through pressures

——

of up to 500 1b. per square inch in tunnels,
which is hardly surprising when we cgn.
sider the ereat variety of conditions eaeh
eel is accustomed to throughout its life
If eels enter our western waters thev are
expected to affect the native and introdueed
species there, just as they have injured
the trout fishery in New Zealand. Map
upsetting the balanee of Dame Nature
again!

The life-histories of our Australian eels
have not vet been traced. but the north-
western  Australian eels (A, bicolor)
probably breed to the west of Sumatra. A
voung Short-finned Eel has been eaughg
south-east of New C(Caledonia®. so it is
thought that Australian and New Zealand
eels may go near there to breed.

“Jespersen, Dana EReport 22,

1942, pp. 13, 100
and 106,

Notes and News

Records of Sailfishes from Australia.

The article Sailfish Ahoy! by G. P. Whitley,
published in the December, 1955, issue of this
Muagazine, has drawn appreciative comments from
Mr. Archer Russell, Darling Point, Svdney, whe
kindly included in his letter details whieh be
felt eould be added to the List of Records of
SQailfishes from Australia, published as part of
the article. Mr. Russell gives E, J. Stuart’s book,
A Land of Opportunities (John Lane, The Bodley
Head, London, 1923) as the source of his infor-
mation and quotes the following extraet from
Page 133,

“The specimen shown in the photograph [fac-
ing Page 138] was 7 ft. 9 in. long and was
canght [in the vieinity of Barred Creek] on
the trailing line with a piece of white rag at-
tached to the hook. The fin on the back was 3
ft, lone and 2 ft. wide, and stands up exactly
like the mainsail of a schooner. It was a heauti-
ful bright blue in colour with brown spots albout
the size of a shilling, Underneath the helly there
were two fins 15 in. long, while it had s beak
like a huge garfish, a very fine swallow tail, and
two powerful side fins about 10 in, long, The
fin on its back had two stripes on each side, with
a number of silver spots, and when this extra-
ordinary provision of Nature was furled it fitted
completely into a socket.  D'Antoine the Freneh-
man [an old North-west const identity of that
time ] had previously told me ahout these peenliar

fish aud stated that although he had never eaught
one, he had seen them in a dead calm travelling
along on the surface of the water with the sail
set, and that mmmediately they were approachsd
they e¢losed it down with a snap.™

A Land of Opportunities is deseribed by Mr.
Russell as “an account unvarnished and authen-
tie, of the author's expedition (known as the
North-west Scientific and Exploration Expedition)
to explere the north-west eoasts of Australia in the
schooner Culwalla.”

Authority on String Figures.

Mrs. Rishbeth, daughter of the famous an-
thropologist the late Professor A. (. Haddon. of
the University of Cambridge, visited the Museum
in recent months.  Mrs, Rishbeth is an authority
on string-figures, a game widespread among pri-
mitive peoples of the world, and one on which
she has published a book and a number of papers.
She examined the extensive collection of 227
string figures from Yirrkalla obtained by the
Musenm's Curator of Anthropology during his
visit to Arnhem Land as a member of the Ameri-
can-Australian Arnhem Land Expedition.

Tasmanian Field Naturalists® Club.

Long sustiined and inereasing interest i the
delightful florn amd fauna of Tasmania is shown
by the progressive poliey and enthusiastic mombey
ship of the Naturalists” Cluly, with headguarters in
Hobart. Complete equipment, to the last tent peg.
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Preparator K. Gregg tries
his hand at modelling a
coral polyp.

annual
of honour is

has been assembled over the
Easter eamp-out, to which a
invited from the mainland.
The Curator of Mammals at the Australian
Museum, E. le G. Troughton, was the guest of
the Club at this year's camp-out on Safety Cove,
several miles south of Port Arthur, in the historieal

vears for the
ouest

and zoologically interesting region of the Tas-
man  Peninsula,  Some eighty adult and junior

members were “under canvas™ and Mr. Troughton
Joined other specialists in giving a series of nature
talks to evening assemblies in the large dining tent.

Back in Hobart, Mr. Troughton delivered an
illustrated leeture on Auwstralian Mammals— Their
Past and Future, to more than one hundred
Naturalists” Club members. This lecture was after-
wirds repeated in Launceston for the Northern
Braneh of the Royal Society of Tasmania.

Honour for Curator.

The Curator of  Aunthropology, Mr., F. D.
MeCarthy, has been clectod President of the Royul
Society of New South Wales for the ensuing year,
and President of Sec tion ' (Anthropology ) at the
congress of the Australian and New Zealand Asso-
clation of Seience to he held in Dunedin, New
Zealand, next January,

Rock Carvings in Suburban Garden.

The Curator of \Ill|||r1|m|<|;_-“\', Moz T
MeCarthy, recently III'-«}IHt(t] portion of aroujp
of aboriginal rock engravings in the garden of o
house in Ben Boyd Road, Mosman, Sydney.  The
figures still visible inelude portions of an aneestral
spivit figure of a unigue tvpe, a kangaroo and other
figures, and the complete figure of a little man
with his hair rolled up into o dunce’s eap coiflure.
Mr. Bergraff, o veporter from the Sun-Herald in-
formed Mr. MeCarthy that as a hoy he had lived
on this property, which was then mueh bigger,
and his grandmother had told him that there
were some very fine carvings under the honse,
which is now about one hundred vears old, It is
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extraordinary that these carvings could he visille
in a garden for such a long period and vet re-
main unknown seientifically, but sueh is the case,
As a result of the newspaper publicity reports were
received of other roek engravings in suburban
vardens at Northbridge and Caringhah.

Visitors from New England and Jerusalem.

Dr. John le Gay Brereton, University of New
England, spent two weeks at the Museum on lis
return from the University of Oxford, where he
studied at the Bureau of Animal Population. Atg
the University of New England he will be lectur-
ing on ecology, the interesting subject which deals
with the abundance and distribution of animals
within a community, Dr, le Gay DBrereton visited
several departments of the Museum to identify
Australian animals and study Australian inverte-
hrate fauna,

Professor G, G. Witenberg, parasitologist at the
Hebrew University, Jerusalem, recently examined
the Australinn Museum reference study specimens
of parasitic round and flat worms. He was par-
ticularly interested in the microscopie slide prepara-
tions of tyvpe species deseribeq by the late I’rof.
8. I Johnston, University of Sydney, and the late
Prof. T. H. Johnston, University of Adelaide,

New Exhibit.

An exhibit entitled The
tion has been installed in the
logy Gallery.  Its aim is to illustrate
of culture and technology which formed the
of modern industrial achievements.  In the
available, the exhibit demonstrates with  speci-
mens  the progress from stone to bronze impic-
ments, the making of pottery, weaving, the erind-
ing of cereals, the origin of writing, and the de-
velopment of art.  In a ecolourful frieze the usz
of the specimens is illustrated, as are the be-
ginnings of agriculture, domestication of animals,
village life during the Neolithic period in the
Middle East, and, turther, the seribes, metal
workers, senlptors and traders of the Dronze Age.
with their ships, wheeled eart, and army.

Beaginnings of Civiliza-
Museum’s Anthropo-
the elements
hasis

.\'|I:Il‘f'
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Fig. 2. (Above)—A Lower
Middle  Devonian  coral,
Xystriphyllum mitchelli
(Etheridge). with a portion
of the corallum polished and
showing structural characters.

Fig. 1. (Lefi)—An en
larged section of individual
cora”ites of a cora”um
showing  radiating septa,
dissepiments, and other diag-
nostic characters,

An Ancient
Reef-building

Coral

By H. O. FLETCHER

NHE beauty and romance of coral
reefs are known to most people.
Lying in tropical and sub-tropical

seas such reefs lure tourists trom all parts
of the world who stand amazed at the
brilliance of colours and exquisite designs
of the numerous living coral species.

All coral animals belong to the Class
Anthozea, a name referrving to the flower-
like appearance of the polyp when it has
its tentacles extended. It consists of five
stutb-classes and of these three are extinet
and are found only in the fossil state. The
three  oreat  extinet eroups  which dis-
appeared from the geoloeical record are
the Tetracoralla, the Tabulata and the
Schizocorallia. They were outstanding
rock builders in Palacozoi¢ times but no
more so than their livine relatives who are
playing a similar role in the buildine up of
tremendous coral deposits in present-day
seas. A bore recently put down on a corval
atoll passed through 4151 teet of dead
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coral material before reaching the basement
rock, indicating without any doubt a very
slow subsidence in that area.

Reef-buildineg corals first came into exis-
fence in Lower Ordovician age.,
about 450 million yvears ago. They did not
assume any importance, however, until the
stuceecding Silurian geological period when
arcat coral reefs were built up in all parts
of the world. In Australia a coral reef,
rivalling in size the Great DBarrvier Reef,
extended at intervals for at least 2,000
miles from what is now North Queensland,
through New South Wales and Vietoria
into Tasmania.  Reef-building continued
into the following Devonian times on a
similar  grand scale although a large
number of the coral species were replaced
by others.

seas of

Sincee those days great earth movements
have lifted these vast coral reefs, now
forming limestone deposits, from the bed
of the Stlurian and Devonian seas. To-day
they form a large part of the highlands
of the Australian Continent. towering well
above sea-level and far removed from the
existing sea.  Well known caves, including
Jenolan,  Wellington,  Wombevan  and
Buchan, have all been formed in these
middle Palacozoie limestones.
reason to doubt that the
beauty of modern coral-reefs was repro-
duced in the ancient Palacozoie reefs or
that the coral animals had the same limita-
tion of depth and temperature of sea-water
as living species of coral.

At the close of the Palacozoie Era, in
Permian times, two great groups of corals
became extinet and the Tetracoralla and
the Tabulata disappeared entirely  from
the geological record. A few stragelers of
the  Schizocorallia  persisted  into  the
Mesozoie althoueh the mam  reef-
builders of the group were by this time
extinet. The stragelers were never impor-
tant at this peried of their existence and
they very soon disappeared.

There 1s no

Sedas

It has been estimated that there are at
[cast 10,000 species ol extinet anthozoa,
including the reef-building corals.  These
have all  been  named  and  fieured  in
seientifie literature and even though they
[ived countless vears ago their struetural
characters and relationships are as well
known as species living in existing seas.
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An example of an extinet coral species
of the Sub-class Tetracoralla which flour-
ished in Devonian seas is illustrated, (see
Iig. 2). Tt is a specimen in the colleetion
of the Australian Museum and has been
partly polished to reveal the structures of
the mdividual corallites of the corallum. or
colony. It is a compound type as distinet
from solitary corals which consist simply
of one corallite.

The specimen was collected  from  an
ancient  limestone  of  Lower  Middle
Devonian age at Cave Flat, a locality at the
Junetion of the Murrumbideee and Good-
radighee Rivers, near Yass. The same
species has also been found at other local
ities in rocks of the same geological age
in the Murrumbidgee River area.

For a more detailed examination of the
corallite structures, horvizontal and trans-
verse thin-sections are eut and mounted on
slides for use under a microscope.  In this
manner even the most minute characters
are revealed.

The coral specimen illustrated as Fig. 2.
was deseribed  sixty-four vears ago  as
Cyathophyllum — mitchelli by the late
Robert Etheridge, Curator of the Austra-
lian Musenm. In 1941, Dr. Dorothy Hill
of the University of Queensland, a world
authority on Palacozoie corals. redeseribed
the species and placed it in a new genus
NXystriphyllum, introduced by her for cer-

tain  corals with definite distinguishing
features.  The original name of Cyatho-
phyllui  wmatchelli  Etheridee, thus be-

comes a synonvm ot XNystriphyllum mit-
chelli (Etheridge). The author’s name is
now placed in parentheses to denote that
the first or generie name has been changed
sinee the original deseription of the species.

In compound corals the corallum is coni-
posced of numerous corallites in which the
individual animals  lived. In XNuystri-
phyllim, as shown in Fig. 1, these corallites
are crowded together and arve four to seven-
sided and unequal in size.  The radiating
septa consist of major and minor types,
the former extending to the wall of the
corallite, the latter about halt the distance.
Between the septa are ceross-bars or dis-
sepiments. Al these and many  other
structures and variations of them are the
means by which scientific workers elassify
the innumerable extinet coral species.
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Exploring Between Tidemarks

IIl. Seashore Animals and Their Feeding

By ELIZABETH C. POPE AND PATRICIA M. McDONALD

(O far in our explorations befween

tidemarks we have been looking at

the shore animals and plants more as
individnals than as members of animal
communities. How and where they occur
has been noted and the degree to which
they have become adapted to their environ-
ments and to the kinds of lives they lead.
As investigations however. if
<oon becomes apparent that no one kind of
animal or group of animals can live en-
tirelv unto itself—each species depends in
one way or another on its neighbours. Per-

Progress,

haps it is a relationship of predator to
prev, or two species may be rivals for the
<ame food supply or for an area of shore

attached state. One species may depend
on another one to provide it with suitably
sheltered conditions in which to live,

~ Such influences are of ereat importance
in-any environment and are known as
biotic factors as opposed to the physical
factors such as temperature. lieht., water
currents, ete. The biotie relationships of
the seashore animals are, therefore, well
worth the attention of the would-be ex-
plorer of shore life. Some of these biotie
relationships will now be discussed—more
especially — the interdependence of  or-
ganisms in connection with food-gatherine,
for the obtaining of sufficient food is the
most important occupation of any animal

on which to settle down and live in the  or plant, Only when enough food has been
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cathered can the animal proceed to its
other funetions, of which breeding is prob-
ably the next in importance.

or ANIMALS FEEDING

Hapirs

('LASSIFICATION By

In spite of the somewhat bewilderinge
diversity of speecies living between hieh
and low water marks and their many and
varied wayvs of cathering and eating thenr
food, there are comparatively few cate-

cories of nuiriment available to them  De-
sides the inevitable herbivores (plant
caters). carnivores (flesh eaters), mixed

feeders and scavengers found in any ani-
mal community there are two very im-
portant additional categories of feeders on
the shore. These are the sievers of plank-
ton (the floating and drifting life of the
ocean) and the eaters of detritus.
Detritus may be defined as a kind of
seumny ooze that is deposited from suspen-
sion in the sea on to the surfaces of rocks,
sand or mud flats. It is composed of bac-
teria together with the finely divided re-
mains of plants and animals which are

FOOD RELATIONSHIPS OF ANIMALS
ON THE ROCKY SHORE
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being broken down by the action of the
hacteria, and a film of surface-dwelline.
microscopic green plants called diatoms.
(‘fontrary to what one might expeet, de-
tritus is an extremely rich food and many
lowly ereatures feed exelusively on
cramming  the oozy  material  indis-
eriminately mnto their gut. which extracts
the nutriment and passes through their
hodies the indigestible sand grains and
other useless components.  Some typical
detritus feeders are nereid worms. the
sulphur-coloured Acorn Worm (Balanog-
lossits) . the heart urchin (Eehinocardiwm .
and some small gastropod molluses which
serape the surface seum and its contained
diatoms off the rock surface.

it

.

The term ““plankton’ is the group name
agiven to all the drifting plant and animal
life in the sea, regardless of size. and com-
prises creatures ranging from giant jelly
fish twenty feet long (like Cyanea) to
microscopic plants like diatoms.  Within
the plankton group one finds creatures
that live all their lives in the open sea
being drifted about at the merey of winds
and currents.  These are the permanent
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plankton, e.g.. jellyblubbers, bluehottles.
copepods, worms, diatoms and dinoflagel-
lates. Other creatures join the ereat com-
pany of plankton during only part of
their lives—usually as larval stages—and
here are found the young stages of many
of the intertidal species like barnacles,
Galeolaria  worms, (‘unjevoi, prawns,
worms, crabs, ete. The plankton has been
picturesquely summed up as being both a
pasture and a nursery for marine animals.
Typical plankton feeders are barnacles.
(Cunjevoi and  Galeolaria  worms. The
harnacle’s “*plankton net’ of hairv fish-
ing feet has already been deseribed in
another place.™

With some shore animals it is hard to
tell whether they prefer plankton or de-
tritus as food for both types of food are
strained from the water and it is not cer-
tain whether both are actually consumed.
These are recarded as mixed feeders. Tvpi-
cal of this groun are the mussels and per-
haps the pipis of the sand heach.

Other animals enjoving a mixed diet are
the S-raved seastar  (Patiriella  calear)
which consumes aleae, small molluses and
crustacea, and the Giant Beach Worm
(Onuphis teres) which eats flesh but does
not scem to discriminate between live flesh
(carnivore) or decaving debris (scaven-
e )i,

Typical scavengers (feeders on debris)
are sea oulls, erabs, sand fleas and some
shrimps.  The nature of defritus and of
debris mieht at first seem exactly the same.
The distinetion between these classes of
Food 1s lllt‘l'l'l_\' one of size, debris heing the
lareer. (Carcases of dead animals and rot-
tine seaweeds. or portions thereol. are
debris even if they are beine hroken down
by hacteria.

\s distinet from flesh-eatine seavenzers
which eat dead antmals there are some or-
canisms which actively preyv on live ani-
mals. capturine and consumine their vie-
tims in a nmber of itrieuine wavs. These
are the earnivores.  Some are mobile hun-
ters like the Ribbon Worms ( Nemerteans),
which lassoo bristle-footed worms i a most

Avsr. Mus. Mag, XIT (2), 48-40,

THIE AUSTRALIAN MUSEUM

MAGAZINE 1956

SEPTEMBER 15,

expert way by means of a long sticky pro-
hoseis shot out from a sheath in front of
the head; others are stickfast species like
anemones whieh trap any prey that hap-
pens to brush against their tentacles. These
tentacles are armed with batteries of micro-
scopie stingine cells which shoot out small
threads. Some of these are harbed and can
inject a paralysing poison into the prey,
while other threads merely serve to en-
tangle the prey and hind it to the ane-
mone’s tentacles until it can be passed
alone to the mouth and swallowed. On first
thoughts it may seem preposterous that an
apparently fixed and slueeish ereature like
an anemone can capture a fast movine and
wary prawn, but the imjected poison of the
stinging threads which disable the prawn
tips the balanee in the anemone’s favour.
While the poison from most anemone
stinging cells has no harmful effect on our
skins, we have only to think of similar
types of poison from the Bluehottle (Phy-

salia) and its dire effect on human vie-
tims in the surf. to understand the
anemone’s suecess as a  hunter.  Other

prominent carnivores on the shore inelude
the flat, leaf-like Wafer Worm (Notoplana
australis) which ean wreak havoe on the
ovster lease, and the Octopus which pouneess
on unwary crabs or fishes and erabs them
by means of its long flexible arms with
their ¢linging sucker dises. There are also
a number of ecarnivorous sea snails like
the Cart-vat Shell (Dicathais orbita) . the
Mulberry Shell (Moruwla marginalba) of the
rocky reefls, and the Moon or Sand Plough
Snails (Uber ineei and Uber conica) of the
sandy beaches.  These molluses can drill
holes through the shells of their vietims
whether they be barnacles, mussels, oysters
or other hivalves, by means of their file-like
tooth ribbons (radulaej. They can then
profrude their probosces through the holes
and extract the soft flesh of the vietim.
(Careful observations ol the feeding be-
haviour of shore animals in rock pools and
small home aquaria will prove entertaining
as well as enliehtenine to the would-he
explorer,

There are surprisinely few consumers ol
a diet consisting solely ol non-microscopic
aloae, in other words herbivores. Some
that one would think of as herbivores turn
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out on investieation to he detritus feeders.
The Sea Hares, such as Aplysia angasi,
with its black-tipped foot, or the squat
common  Dolabrifera  brazeri, may he
classed as true herbivores and to them may
now he added the round, burr-like sea ur-
chin Holopneustes pyenotilus, which lives
attached to the fronds of Eeklonia kelp or
other algae, seraping off the tissues with
its five sharp teeth. There are probably
other herbivores but our observations have
not vet disclosed them,

SEDENTARY AND AGILE FEEDERS

An interesting side-reflection of life on
rocky shores is that the purely sedentary
existence of such hosts of animals like
barnacles, mussels or oyvsters is only pos-
sible because there is available to them a
wealth of food in the form of floating
plankton and detritus erains.  These ani-
mals merely sit tieht and wait for their
food to come to them, filterine the nutri-
tious particles from the water which covers
them durine high tide. Some, like the bar-
nacles and Galeolaria worms, “*net’ their
food particles from the water as it flows

Left—A frond of Dwarf-kelp (Ecklonia) show-

ing the ticsues eaten by the sea urchin,

Holopneustes. Newly eaten areas (just above
the stipe) appear pale in the illustration.

Above—The sea urchin (Holopneustes pycnotilus)
which “roosts” in the kelp while it serapes off the
plant tissues, hanging on by its tube feet.

by.® Others such as the Cunjevoi, mussels,
oyvsters and sponges, draw a current of
water throueh their bodies and sieve off
the particles internally. The feeding mech-
anisms of these animals are well deseribed
in most standard textbooks of zoology.
Many exponents of this method of feeding,
like sponges or compound Ascidians, have
no definite shape and seem to sprawl at-
tached over the rock surface in a most
untidy wayv. Some of the attached amimals
have radial symmetry or an apparvently
radial arraneement of the body organs
(anemones, hvdroid zoophytes, ete.). for
when food is brought in by water currents
there is little advantage in having an agile
body with good locomotory powers a well
developed conning-tower-like head bearing
sense organs such as eyves, tactile organs
and sharp jaws.  Such adaptations are
more use to carnivores which have actively
to seek out, chase and capture other animals
for tfood. Thus carnivores are generally
bi-laterally symmetrical, have more acute
senses and good powers of locomotion, c.q.,
the Giant Beach Worm (Onuphis teres).,

Avse. Mus. Mag, XTIT (2): 48,
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fishes. octopuses and carnivorous snails.
The anemone and certain kinds of seastars
(notably Astropecten of the sand and mud
flats) are interesting exceptions to the
above.
Foop REQUIREMENTS OF SHORE DWELLERS
Although there is a wealth of food avail-
able in the open sea in the form of plank-
ton and floating detritus (stirred up by
wave action) it should be remembered that
such a food source is available to inter-
tidal organisms only when the tide is high
enoueh to cover the area of shore where
they live. In the highest part of the shore
(where, for instance. the barnacle,
('hithamalus antennatus, lives), the water
flows over the rocks during the high water
of spring tides which oceur only twice a
month foir a period of three or four days.
During these brief periods the Chthamalus
can feed and breed normally, the rest of
the time their life processes are at a low
ebb—a condition akin to aestivation (dor-
maney i drought) in land dwellers. Oc¢ea-
sional storms or splashing of waves on to
the higher shore arcas may bring a few
extra minutes of feeding time each month
but that is all. In spite of this the Chtha-
malis barnacles survive in surprising num-
One should remember in this connec-
tion, however, that these typically fixed
intertidal animals have lower food require-
ments than land dwellers for the followine
reasons: As a rule their supply of water
(a prime necessity of life) is adequate and
is hrought to them along with their food.

hers.
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The densities of the flesh of marine animals
and that of the seawater that surrounds
them are ncarly the same and therefore less
energy is needed to keep their bodies sup-
ported in the right positions, whereas land
animals are much heavier than air and
have continually to use energy to overcome
the effeets of gravity and to move about
in search of food and a livine. Movement
through water is, of course, more difficult
than movement through air but most sue-
cessful shore dwellers arve sedentary so
that this factor does not affect them unduly.
Also, if the shore animal lives low enough
between tidemarks to spend most of its
time surrounded by water, then it lives
in a very equable temperature and is sub-
Jected to less fluctuation of heat and cold
than an air breather.  All these factors
help to explain the success of sedentary
animals on intertidal parts of the shore.
Some of the inter-relationships of the
animal communities which live on an ex-
posed rocky shore and those of the sandy
surf beach are set out on pages 98 and 99,
[n these diagrams the animals are broadly
classified into groups. but as yet little re-

search on food webs and food c¢hains of
secashore animals has been done i Aus-
tralia and information is scanty. Keen

observation is needed, and careful, patient
dissection and examination of the eut con-
tents of shore dwellers after a period of
feeding. The recording of results of such
investigations of the common shore dwellers
is work that could well be carried out by
school biologists under good direction.

Neat Issues Some Interesting Animal Communities

of “()l'i\"\' Shores.,
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