












































AUCKLAND ISLANDS

From a New Zealand Government Survey of 1945 — \
Soundings from earlier Surveys 1840-1940 i o
Magnotic Variation 21°35'E(1954) incr® about 6 ann'y = & Brisow A*
Natiwral &ulc‘,,‘-.-%;b (Lat S0° 40°) "#
Projection - Mercator - =
The Currvnts round the Islands are verv strong and. irregular b7 ] 1 I
o, 2 i
g, %, Y, a7
30" " g, . %, 0
b2 4 o 20
SSh P @ s A 5
¢ {n B 17 Pav Ross arSarah’s Bosom H*
. J \ 4 4 13 18 (See plan) gg
I.'ufln’ug_a&_.‘_. . A 5 13 "w 1 Ewwng 1 18 3¢
- &5 *
Nw ey P10 25 30 5, 16 30
| 15 iy #- i =
3 L P,
+ ‘g 2 P Wz{s P 3
3 3, ohundasl I
TE e 7 2 19 H
¥s 4 o 18 0 !
+
B . R :
i / 7 =, 36 4
w3 2o 2 ’b%
P e 38
: = 34
24
40" 40"
ﬂuﬂ"'ﬁ‘“ Inlet
ag
. C Bennett 50"
- Y b
el 54
Farr
29 40 o
& (&
== e d:hf ey Harbour
o o mal Mag Var™)
63
S0 )
. = I

50"

A map of the Auckland Islands taken from the British Admiralty chart of the area and based
on a New Zealand Government survey in 1945. The total length of the islands is about 29 miles.
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some of the variations in their history,
physical environment, and biology.

Auckland Islands

The Auckland Islands, with the main
island some 23 miles in length from north
to south and a greatest width of about 15
miles, as well as several off-shore islands,
including the large and important Adams
Island, is the largest of the subantarctic
island groups in the Australasian region.
The Aucklands were discovered by Captain
Bristow. of the Ocean, in 1806, 4 years
before the discovery of Campbell and
Macquarie Islands. and were so vigorously
exploited for sealskins and oil, much of
which passed through Sydney during the

following 15 years, that by about 1820
the sealing potential of the Aucklands
was virtually exhausted. Their scientific

investigation dates from 1840, when three
major naval expeditions, an American under
Commodore Wilkes, a French under Admiral
Durmont d'Urville, and a British under
Sir James Clark Ross, visited the northern
harbour of Port Ross, or Sarah’s Bosom as
it is called on some maps. The naturalists
Sir Joseph Hooker and Dr Lyall were with
Ross and made extensive investigations
into the natural history of the island group.

An expedition by the Philosophical
Institute of Canterbury in 1907, the wartime
coast-watching occupation of 1941-45, code-
named Cape Expedition. and the combined
D.S.I.R. and Dominion Museum expedition
of December-January, 1962-63, are the
highlights of New Zealand’s continuing
work on the ecology and biology of the
Auckland Islands. The main island rises
to a height of over 2.000 feet and a major
ridge runs north to south as a backbone
to the island. The whole of the west
coast is formed of high precipitous cliffs,
while the east coast is less rugged and is
indented by several fine harbours and
inlets.

The vegetation of the Auckland Islands
is distinctive, and characteristically and
unexpectedly vigorous. There is a coastal
forest mainly formed of the Southern Rata
(Metrosideros umbellata), a Myrtaceae which
rises in sheltered areas to a height of about
40 feet (see “The Auckland Islands Ex-
pedition 1962-63 by the present author,
Australian Natural History, Vol. XIV, No.

March, 1969

9. page 273, March, 1964). Above the
narrow band of rata forest (a unique feature
for  the  Aucklands, as trees are
characteristically absent from subantarctic
islands) there 1s an extensive area of
scrubland. wusually difficult to penetrate
but interspersed with relatively clear lanes
of cushion plants and scattered tussocks.
Above this scrub zone, a grassland zone.
consisting mainly of Chionochloa antarctica
tussocks and exposed peat, extends up to a
height of about 1,600 feet at the northern
end of the main island. Finally an upland
fell-field, with open stony ground and
many subantarctic endemic plants such as
species of the composite Pleurophyllum,
occupies the hilltops and peaks of the
main ridge along the length of the island.

Hooker, in describing the vegetation of
the Auckland Islands, wrote as follows:
“It is especially towards the summits of
these hills that the most striking plants
are found, vying in brightness of colour
with the Arctic Flora, and unrivalled in
beauty by those of any other Antarctic
country. Such are the species of Gentian,
and a Veronica with flowers of the intensest
blue, several magnificent Compositae, a
Ranunculus—and a Liliaceous plant whose
dense spikes of golden flowers are often
so abundant as to attract the eye from a
considerable distance™. The last-mentioned
is  Bulbinella  rossii, shown, in an
accompanying photo, among tussocks on
Campbell Island.

Campbell Island

Campbell Island lies some 150 miles
southeast of the Awuckland Islands. It is
about 10 miles long, north to south, and
about the same east to west. Both Campbell
and Macquarie Islands were discovered by
Captain Hasselbourgh, of the Perseverance,
in 1810, the former being named after the
ship’s owners, Campbell and Co., of Sydney,
and the latter after the then Governor of
New South Wales. Sealing was carried
out vigorously until the 1820’s, but after
that the island was left in virtual isolation
except for a few scientific visits such as
those by Ross in 1840 and the Philosophical
Institute of Canterbury in 1907. Starting
with Cape Expedition in 1941, a permanent
New Zealand station has been occupied
at the head of Perseverance Harbour on
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Campbell Island ever since. This station
is now mainly meteorological in function
but much valuable biological observation
has been carried out over the years by
station personnel.

The island is rugged and rises to a height
of over 1,800 feet, most of the western
coasts consist of high cliffs resulting trom
sea erosion, while two deep inlets indent
the less precipitous east coast.
Campbell Island is covered with tussock
and peat, and is very marshy, even on fairly
steep slopes and lower ridges. There are
coastal terraces, glaciated valleys, regular

conical hills, a few small tarns. many small
streams. but no rivers and no recent volcanic
activity.
high

acidic, with
nitrogen content,

T——— £

IS scarce,
low

True soil

organic and

e

Much of

and the peat may be up to 35 feet in depth.

Campbell Island weather has been officially
described as “unpredictable™ (even as “roul™
in some naval reports). Overcast skies and
gale-force winds seem to be normal, but
there are quiet days of brilliant sunshine.
The vyearly average rainfall of 57 inches
is not high, but the number of days of rain
in a year may reach the excessive figure
of 322. The mean annual temperature
is about 44" F and the reclative humidity
is often high.

The vegetation of Campbell Island,
though reduced in species and without
trees, i1s similar to that described above for
the Auckland Islands. Clear zonation has
gone, so that tussock grassland and
Pleurophyllum composites can occur from

A colony of Black-browed Mollymawks ( Diomedea melanophrvs) nesting on coastal c¢liffs near Bull

Rock, Campbell Island. [Photo: F. C.
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sea-level to almost the highest altitude on
the island. A great change has taken place
in the vegetation of Campbell during the
past half-century. Sheep were introduced
in 1895, and, though abandoned as a
commercial venture in 1927, probably over
1.000 remain there today. Sheep grazing
has greatly reduced the tussock and brought
about its partial replacement by the
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Colorado, U.S.A., in 1962.
apparently unappetizing Bulbinella. Sheep
have largely eliminated succulent

Plewrophyllum species and other endemic
herbs from open areas, and now these can
be found only in secluded places. inaccessible
to the sheeps’ ravages.

[This article will be concluded in our next
issue.)
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The Common Garden
Snail (Helix aspersa) is
so adaptable that it has
been successfully in-
troduced to most parts
of the world and is best
described as a “‘world
tramp’” species.

Some Introduced Land Molluscs

By BRIAN J. SMITH
Curator of Invertebrates, National Museum of Victoria, Melbourne

land
large

fauna of
slugs—is

native
and

USTRALIA'S

molluscs—snails
and varied.
species found nowhere else in the world,
some of which are as important zoologically
in the study of land molluscs as the platypus
and the kangaroo are in the study of
mammals. It may, therefore, come as a
surprise to learn that most people, especially
those living in southern surburban Australia,
have probably never seen an Australian
native snail or slug. Everybody knows what
snails and slugs are and how successful they
are in sustaining the species at the expense
of the suburban gardener’s plants. However,
like a good many other of the more
spectacularly successful species of animals
and plants designated by most people as
pests, the snails and slugs found in suburban
gardens of the southern States of Australia
are, in nearly every case, introduced species
from Europe.

Introduction of alien species of plants and
animals into Australia has happened in two
ways. First, by design: various people and
groups amongst the early settlers wanted to
see familiar animals and plants about them
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It contains some hundreds of

in their new land, and so brought out and
released such animals as the fox, the rabbit,
the sparrow, and the goldfinch. The other
method of introduction was by accident, and
it was by this method that the snails and
slugs got in and were dispersed. They
probably came in on plants brought out
for introduction, or in foodstuffs or on tools
and implements brought by farmer-settlers.
However they were brought out, there are
now twenty-one species of land snails and
ten species of land slugs living and spreading
over large areas of Australia which were
originally natives of Britain and Europe
and were certainly introduced into Australia
by the early settlers.

Snails and slugs belong to the order
Stylommatophora of the pulmonate or lung-
possessing molluses.  Apart from possessing
an efficient lung, for breathing air, they also
have a thicker, more impervious skin and a
complex reproductive process with the ability
to lay shelled eggs—all to assist them with
their life on land. They can be either
carnivores or herbivores according to the
species, though many of the more successful
ones have a very wide range of diet and will
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The Sand-dune Snail (Theba pisana), which is found in vast numbers on many of the coastal sand-dune
areas of southern Australia.

eat almost anything. Most of the introduced
species are either herbivores or omnivores
with a wide range of diet and seem to take
just as readily to Australian native plants as
food as to the introduced plants to which
their ancestors in Europe were confined.
They will also eat discarded paper, decaying
meat, and even dead individuals of their
own kind.

Snails

By far the commonest and best known of

all the snails introduced into Australia is the
Common Garden Snail, Helix aspersa Muller,

which originally came from Britain and
central FEurope. However, this species,
together with a number of the other

introduced land molluscs, is best described
as a “‘world tramp” species, as it is now
found, through introduction, In every
continent and every country where conditions
are at all favourable to it. In Austraha it
has been recorded from every State, though its
distribution is very restricted in the northern
part of Australia. In the southern States

it is the dominant land mollusc in most of

the improved or developed areas. It is not
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only found in suburban gardens and market
gardens but in most of the areas which
man frequents regularly.

This relationship between the distribution
of these introduced land molluscs and the
areas regularly frequented by man is an
interesting one, as it gives us a key to their
success. Most of these species have very
poor dispersal capabilities “‘under their own
steam™. This is particularly true of the
White or Sand-dune Snail, Theba pisana
(Muller), which is native to the coastal sand-
dunes of Britain and central-southern Europe
and has reached near-plague proportions
several times in a number of places in South
Africa and Australia. In a recent
distribution study on a population of this
species at Portsea, Victoria, I showed that
their distribution was very closely related to
the areas regularly frequented by man;
surrounding car parks and paths on the
ocean beach-dune area the populations
reached 200 snails per square foot, while only
30 yards away there was not even a dead
shell to be found. This species is found on
coastal sand-dunes along the southern coast
of Australia from Western Australia to New
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South Wales. It has also been reported from
inland localities in Western Australia and
in South Australia. This move inland has
only happened in relatively recent times and
is an ominous warning for the future.

Another introduced snail that has reached
plague proportions in many of the slightly
drier areas of Western Australia and South
Australia is the Striped Snail. Helicella
virgata (Da Costa). This fairly small white
snail with a wide umbilicus has been a
particular pest 1n the vineyards around
Adelaide for a number of years and the
plague of snails in Western Australia last
year was also this species. Recently this
species has been the subject of an extensive
study of the biology and methods of
adaptation into a new environment of an
introduced pest by a research worker in
Adelaide University, Mr D. Pomeroy. He
found that this introduced species was able
to withstand the extremes of heat and dryness
of a South Australian summer and was a
highly successful animal actively extending
its range.

A small introduced snail that does not
reach plague proportions, and indeed may go
unnoticed because of its small size, is the
Pointed Snail, Cochlicella acuta (Muller).
This is, again, a very common species in all
the southern States of Australia and seems
to be the most successful at dispersal of any
of the introduced snails. It is recorded from
most places where any other introduced
species is found, and in many places seems
to have spread from the initial point of

introduction further into the untouched

bush than any other species.

All the snails 1 have described so far have
been herbivores or omnivores and could be
regarded as pests by gardeners and farmers.
However, not all the introduced snails can
be classified thus. One small introduced
snail with a thin, almost transparent shell
is a carnivore which feeds on small worms,
slaters, and even small snails. This is the
Cellar or Garlic Snail. Oxvychilus cellarius
(Muller). It. too, is recorded from all the
southern States, but is not very common.
This species and its close relative Oxychilus
alliarius (Muller) are both called Garlic
Snails because., when confined in a tube for
a while. they give off a distinct smell of
garlic. This is  particularly true of
O. alliarius.

Slugs

Slugs are land molluscs without external
shells and are. therefore, more vulnerable to
extremes of climatic conditions and to
predators. There are only about five or
six species of Australian native slug, none
of which is common, and each has its own
fairly confined distribution range. In
comparison the ten species of introduced slugs
are common, especially in the southern
States, are highly successful and have wide
distribution ranges, in many cases embracing
every State in Australia.

Perhaps the most obvious of the introduced
slugs is the Yellow Slug. Limax flavus
Linne.

This 1s a large greeny-vellow slug

The small Pointed Snail (Cochlicella acura) is perhaps the most adaptable of all the introduced species.
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The large Yellow Slug

(Limax flavuy), which
produces sticky vellow
mucus, i1s one of the

more unpleasant of the
introduced species.

growing to about 4 inches long and producing
thick, viscous, vellow mucus. It is a native
of Europe but has been introduced into most
parts of the world. It feeds mainly on
decaying material and likes damp places.
It is frequently found associated with sinks
and drainage systems and will readily invade
houses, especially kitchens. It is less
common out in open country, being far
more closely associated with man-made
structures than many of the introduced
species.

Perhaps the most commonly found of the
introduced slugs is the Field Slug. Agriolimax
agrestis (Linne), a small buff-coloured animal
about 1 inch long. with brown mottles.
This is a very great pest to seedlings and
young plants. and is especially hard to keep
out because of its small size. These animals
can get through unbelievably small cracks.
Again, this species is found in most of the
southern part of Australia, but, like all the
slugs, is confined to the damper parts. It is
found commonly in suburban and market
gardens and also in improved pasture.

Another small slug, which. in some parts
of Australia, is commoner than A. agrestis.
is the Jet Slug, Milax gagates (Draparnaud).
This is a black slug, about 15 to 2 inches long,
with a very pronounced keel on its tail. Tt,
too. frequents damp places and in some parts,
especially southeastern Australia, is a major
pest of garden produce. It 1s a very
voracious feeder and will just as readily
take animal food. Like other species, it is
native to Britain and central and southern
Europe and has been introduced into many
countries of the world.

March, 1969

Finally, I would like to say a little about
one species of slug from Britain which,
although it has been recorded quite a number
of times from different parts of Australia,
has failed to establish itself and, as far as |
know, no instance of it breeding has ever

been recorded in Australia. This is the com-
mon garden slug of Britain, the Giant Black
Slug, Arion ater (Linne). This is extremely
common in Britain, and 1 have seen them
up to 7 inches long. It has established itself
in some places in northern America and |
understand that it is also established in some
parts of New Zealand. However, for some
reason it is not a successful world traveller;
although it has undoubtedly been introduced
many times into Australia and other countries
it has failed to establish itself in most of
them. It obviously has not got that certain
resiliency and adaptability possessed by the
other species that are necessary to be suc-
cessful at colonizing new lands.

[Photos in this article are by the author.)
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The eastern entrance of the Sandy Hollow rock shelter, showing the alignment of the excavation in a

continuous trench along an east-west datum line.
left) about

200 yards distant.

The banks of the Goulburn River can be seen (far

[Photo: G. Moore.]

THE PREHISTORY OF THE
HUNTER RIVER VALLEY

By DAVID R. MOORE
Curator of Anthropology . Australian Museum

HE Hunter River system, 100 miles

north of Sydney, New South Wales,
contains many fertile and well-watered valleys
which, before European occupation, must
have been excellent hunting grounds for the
Aborigines inhabiting the region.  Sir
Thomas Mitchell described the valley in 1831
as being park-like, with light forest and
grassy glades. With plenty of fish and shell-
fish in the rivers and creeks, marsupials and
birds of many kinds in the open sclerophyll
forests, and many species of edible nuts,
wild grains, and berries, life should have
been pleasant for the tribes as they moved
about their territories.

As far as is known, at the time of first
contact the tribal divisions were as follows:
the upper Hunter, from its source in the
Mount Royal Range down to about Muswell-
brook, was part of the territory of the
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Geawegal; the middle Hunter down to
Maitland was inhabited by the Wonarua,
who were stated to number about 600 to 700
the Hunter estuary and Port Stephens came
in the territory of a numerous tribe called the
Gaddhang. The upper Goulburn appears to
have been roughly the dividing line between
two extensive inland tribes—the Gamilaroi
to the north and the Wiradhuri to the
south—while south of the Hunter Valley itself
were the Awabagal around Lake Macquarie
and the Darginung on the northern side of
the Hawkesbury.

Unfortunately for us, little interest was
taken in the way of life of the Hunter tribes
by the early European settlers. Relations
with the Aboriginal people seem to have
followed the usual pattern—a friendly and
inquisitive interest on the part of the Abor-
igines at the start, rapidly followed by
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misunderstandings and clashes as they
became aware that their lands were being
appropriated., then mounting hostility on
both sides, leading inevitably to the collapse
and disintegration of the tribal organization.
Settlement on the middle Hunter began
around Singleton after 1819, and by 1826
the settlers were petitioning Governor Darling
for military protection against the attacks
and depredations of the Aborigines. Never-
theless, some Aboriginal people appear to
have been employed on properties from quite
early in the history of settlement.

Since the ethnographic record for the
Hunter is so scanty, it is only through
archaeological work that we can obtain any
idea of the prehistory of the valley or even
of the details of the way of life of the
Aboriginal inhabitants immediately prior to
contact. Although farmers in the valley
still occasionally plough up ground-edged
axe-heads (known locally as “mogos™, after
a Wonarua term) and a number of amateur
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Map: Elvie Brown.

collectors have searched and raked through
the deposits in rock shelters for stone imple-
ments, no scientific excavation had been
undertaken along the Hunter prior to 1965.
In September of that year a systematic
archaeological survey of the Hunter and
Goulburn Valleys was undertaken by the
Australian Museum, with financial support
from the Australian Institute of Aboriginal
Studies.

It seemed clear from the start., on both
geographical and ethnographic grounds, that
the area of the Hunter-Goulburn junction,
in the vicinity of the town of Denman, was
likely to be of archaeological importance
since a number of writers, notably A. W.
Howitt in his Native Tribes of South-East
Australia (1904), mention contact, mainly
hostile, between the Wonarua and the inland
Gamilaroi. The latter reached the valley
via the upper waters of the Goulburn and
through what is now called the *Cassilis
gap”—an easy way through the otherwise
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rugged ranges. along the axis Cassilis-
Merriwa-Sandy Hollow. It was near the
last-named place. in fact. that. after field
surveys of the upper Hunter and Goulburn
Valleys., the first main excavation was
conducted.

Upper Hunter Excavations, 1965-1967

The rock shelter excavated near Sandy
Hollow took the form of a cavity in a huge
conglomerate boulder, fallen from the scarp
and now lying in a sloping paddock. about
200 yards north of the Goulburn River.
Within the east entrance artefacts, including
Bondi points, microliths. and a large quantity
of waste flakes, were found to a depth of
about 36 inches. These were mostly made
from the excellent yellow chert and red jasper
which are still found in the bed of the Goul-
burn. Outside the overhang were fireplaces
formed from natural rocks and river boulders
and containing a wide selection of bones
and shells, all of which were found to
represent species still existing in the area.

It appeared that the interior of the shelter,
which contained a flat rock shelf, was
probably used for sleeping, the overhang of
the east entrance for making implements
during rainy periods, and the area in front
for cooking. This was probably so that
when the prevailing nor’-easter was blowing
the smoke did not pour into the shelter.
Charcoal from a depth of 24 inches, the
horizon most prolific in implements, was
carbon dated to approximately A.p. 600 to
700, and a sample from 4 to 6 inches below
the top of the deposit returned a date of
about A.p. 1.400. Judging by the average
rate of build-up of the deposits during the
time-span so dated, first occupation of the
site might have begun at about the beginning
of the Christian era.

After this. the survey was continued down-
stream in the Singleton area. Here an
interesting situation had been reported on in
1943 by F. A. Davidson and F. D. McCarthy.
then Curator of Anthropology at the Aus-
tralian Museum. At a number of points

The beginning of one of the series of trial trenches on the 200-foot terrace at Singleton.
artefacts can be seen sticking in the underlying clay.
of the overlyving topsoil from which the artefacts erode.
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In the foreground
The dark longitudinal crack represents the base
[Photo: Author.]
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along the 200-foot contour on the low hills
bordering the Hunter upstream from
Singleton considerable quantities of artefacts
were eroding out of the soil during times of
heavy rain. Many of these artefacts had
been collected and analysed. On examin-
ation. they seemed to resemble closely the
assemblage we had just excavated at Sandy
Hollow, but also included a range of some-
what larger implements made from a pinkish
quartzite.

On examining the terraces above Singleton
in 1966, it was found that the same situation
continued, whereas no trace of Aboriginal
occupation could be found on the lower
terraces, nor along the banks of the Hunter
itself.  Several series of trial trenches were
dug at points on the 200-foot contour and a
number of artefacts were found in a thin
topsoil which lay on the heavy clay composing
the body of the terrace. Unfortunately. no
datable maternial was associated and it
appeared that the artefacts might well have
been mixed up and accumulated by wind and
water erosion of the light soil prior to the
establishment of grass cover by farmers.

It was puzzling that the Aborigines had
apparently sat about 100 feet above the river
on a windy waterless ridge to make imple-
ments, but this same situation was found to
exist at a great many points along the river
up to 10 miles above Singleton.  One possible
explanation seemed to be that, at the time, a
lake had existed in the area and the tool-
makers were in fact sitting around its verge,
but on examination of the geological
literature a more likely explanation emerged.
It appears that this particular terrace con-
tains the relics of a decomposed laver of
basalt, through which the river has downcut.
Good cherts tend to occur at the base of
basalt horizons, and in fact at one point
large outcrops of fine-grained yellow chert
were found that appeared to have been split
to produce blocks from which implements
might have been made. Possibly, then,
flaking was carried out at points on the
terrace where the raw material was readily
available. Although we were unable to find
any traces of occupation along the river
itself, this is understandable, because any
sites which may have existed would certainly
have been either swept away or covered with
silt by the extensive flooding the valley has
suffered during the past 150 years. It is

March, 1969

- 4—&&.-13&‘%&%

rm -

N = S i

Mil_broglalc.
remarkably well-preserved art site is adjacent

v ey S

‘_._-:'., -

The painted cave at This

to the shelter excavated., The hand and weapon
“stencils™ show much interesting detail. The
human figure is most impressive. being about
life-size but having arms that extend some 18 feet
along a slight ridge. [Photo: Author.]

likely that European clearing of tree cover
has greatly accelerated the run-off of water
from the valley fringes and increased the
frequency and extent of flooding.

The next excavation was of a large
sandstone rock shelter above Bulga Creek,
near Milbrodale, on the southern fringe of
the main valley. This site is not far from a
very fine painted shelter. It proved to
contain an assemblage very similar to that
already obtained at Sandy Hollow. The
deposits were comparatively shallow and a
maximum depth of only 24 inches was
excavated before the underlying rock shelf
was reached. Charcoal from this site was
subsequently processed and returned dates of
approximately A.p. 500 from a depth of 12
inches and about A.p. 1,300 from 6 inches.
These dates tallied closely with those from
Sandy Hollow.
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A comparative excavation on
Goulburn

the upper

At this point a major problem presented
itself.  The only scientific excavations
previously carried out in the immediate
vicinity of the Hunter Valley were a series of
rock shelter excavations conducted in 1961-62
by F. D. McCarthy and N. B. Tindale in the
Capertee Valley, about 50 miles southwest as
the crow flies. McCarthy found an assem-
blage containing Bondi points and a range
of geometric microliths similar to those of
the upper Hunter. However, below this was
a completely different industry, which was
characterized by large flake implements,
dentated *‘saws’’, and uniface pebble imple-
ments; this industry, which was named the
Capertian, was dated from approximately
5,500 B.c. to 1,500 B.c. by McCarthy and to
9.000 B.c. by Tindale. The puzzle. then, was
why there should be no Capertian material in
the Hunter Valley sites and why the occu-
pation appeared to have started so late.
An additional problem was that McCarthy,
as a result of an earlier excavation at
Lapstone Creek, near Penrith, had postulated
that the Bondaian had ceased about A.D.
1,000, to be replaced by an industry he
named Eloueran, characterized by the
ground-edged axe and the substitution of

bone points for Bondi points. Yet it
A general view of the
main shelter at Mil-

brodale, with excavation
in progress. This shelter

stands about 50 feet
above the valley floor,
up a steep slope. Im-

mediately above it I1s a
second shelter. [Photo:
Author.]
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appeared from the Hunter deposits that
Bondi points had been in use up till the
abandonment of the occupation sites, which
was presumably after the establishment of
European settlement in the valley.

Before continuing the survey downstream
to the estuarine parts of the Hunter system,
it was, therefore, decided to find and excavate
an occupation site at the western outlet of the
Cassilis gap. This area would have been in
Gamilaroi territory, but close to the point
at which contact with the Wonarua was
periodically made. After extensive surveying
in the area of Gulgong, Ulan, and Cassilis, a
small rock shelter with apparently undis-
turbed occupation deposit was found on
private property close to where the Goulburn
River rises on the Divide.

This shelter turned out to be remarkably
interesting and productive. The occupation
deposits went down to a maximum depth of
48 inches and contained Bondi points and
very fine microliths, many made from quartz
and rock crysta. A number of bone
implements had also survived. Plenty of
charcoal remained as a result of innumerable
camp-fires and, when processed, produced
dates of about A.p. 1,200 from a depth of 6
inches and 5,800 B.c. from 30 inches. This
latter is an exceptionally early date for the
backed blade and microlith industry repre-
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sented, so a further sample of charcoal has
been submitted for carbon dating, to
corroborate it. No material resembling the
Capertian was found.

Discussion

It is obviously too early in the Australian
Museum’s survey to reach any definite
conclusions, but a number of tentative
points may be made. The consistency of the
dates from the Sandy Hollow and Milbrodale
sites suggests that possibly the Hunter Valley
was occupied much later than the inland
slopes of the Great Dividing Range. The
pattern of carbon dates beginning to emerge
from excavations in various parts of the
continent seems to indicate that the original
group or groups of Aboriginal people to
reach Australia may have arrived somewhere
in the northwest or north of the continent
at least 20,000 years ago, and probably
considerably earlier than that. Subse-
quently, with natural increase, Aboriginal
groups spread slowly, over many millenia,
across the continent, progressively occupying
the tribal territories to which ultimately they
became so closely attached. Obviously,
Australia was a totally different continent in
the late Pleistocene and early Holocene, and
areas that are now prolific in food may in
other periods have been unattractive, and
vice-versa.

Dates of the order of 9,000 to 14,000 B.C.
have been obtained on the western side of
the Dividing Range, whereas the earliest
sites known on the eastern coastal strip are
dated to about 5,000 to 6,000 B.C.* It is
conceivable that the Hunter Valley was not,
in fact, occupied from the inland through the
Dividing Range, which is fairly rugged in the
Hunter-Goulburn region, except for the
Cassilis gap. If, in imagination, one re-
forests the area, the routes into the upper
Hunter would not be at all obvious. It may
be, then, that occupation came from the
coast, only after other obviously attractive
areas, such as Botany Bay. Port Jackson,
Broken Bay, Lake Macquarie, and Port
Stephens, had been fully populated. This is
something that the results of the extension of
the survey to the lower Hunter and Port

* Since this was written, a date of approximately
18,000 B.c. has been obtained from an occupation
site on the South Coast of New South Wales.
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Stephens may support, if suitable sites can
be found that have not been disturbed by
amateur collectors and other causes.

On the other hand, it may be that the
sites so far excavated in the upper Hunter are
not by any means the earliest occupation
deposits in the region. Unfortunately, one
cannot tell the age of a site until after it has
been *“‘dug”, nor are occupation sites always
obvious, even to the trained eye.

Another problem concerns the time of
abandonment of the upper Hunter shelters.
All sites found, and this includes both
Sandy Hollow and Milbrodale, were scat-
tered with Bondaian material on the surface
and there was no indication of any succeeding
Eloueran period. Admittedly ground-edged
axes were found at 6 inches at Milbrodale
and on the upper Goulburn, but so also were
Bondi points and microliths. It is impossible
to date the actual surface material of deposits,
because it almost certainly contains recent
charcoal from bushfires, European camp-
fires, and so on. However, the dates from
6 inches at Sandy Hollow and Milbrodale
are consistent with the probability that both
of these sites were occupied up to or even
after European settlement in the Hunter
Valley. Otherwise one has to postulate a
prehistoric abandonment for no apparent
reason. It would seem, therefore. that in the
Hunter Valley, at least, Bondi points may
have been in use until the disruption of
tribal life and the acquisition of European
tools.

However, impatient though one may be to
find answers to these fascinating puzzles of
prehistory, archaeological work is essentially
slow and painstaking. so that the solutions
to the Hunter Valley problems may not be
known until several more years of survey
and excavation and analysis have been
completed.
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THE DECEPTIVE SIMPLICITY
OF NEMATODES

By W. GRANT INGLIS
Director, South Australian Museum, Adelaide

EMATODES are simple worm-like
animals found in very large numbers
wherever there are liquid and a surface on
which they can move or to which they can
attach themselves, even in vinegar or on
beer-mats. They are best known as parasites
in domestic animals and plants and, as a
result, are frequently dismissed as a largely
parasitic group of animals. Nothing could
be further from the truth. They are found
free-living in the sea, on beaches, and in soil
and fresh-water. But such free-living forms
have been relatively little studied. In spite
of this, about 13.000 species of nematodes
have been named. of which 6,500 are parasites
of vertebrate and invertebrate animals,
3.500 are parasites of plants or live free in
soil and fresh-water, and 3,000 are known to
occur in the sea or on beaches (totals are
approximate). The parasites are well-known
but the marine species, in particular, are so
poorly studied that in collections I made on
the coast of Western Australia most of the
fifty species so far studied are new.

In keeping with their numbers, nematodes
have many popular and semi-popular names.
The worms attacking plants, such as vines,
are called Eel-worms, while man can act as
a host for a wide range of nematodes.
Roundworm, Pinworm, Threadworm. Hook-
worm, and Guinea Worm are all names
applied to nematode parasites of man, while
Redworm of horses and Barber's Pole Worm
of sheep are also nematodes.

| shall not. however, discuss nematodes as
parasites. as Dr E. S. Robinson has done so
in Australian Natural History (March, 1966),
but I shall describe the structural uniformity
for which nematodes are notorious and the
consequences this has had on their way of
life.

Tube inside a tube

Nematodes are all structurally very similar
and are typically long, narrow, cylindrical,
worm-like animals pointed at both ends.
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The action of earthworm muscles. The long
narrow arrangement at the left is due to the
circular muscles contracting, squeezing the body.
and lengthening the longitudinal muscles. The
stout short arrangement at the right is due to
the longitudinal muscles shortening, shortening
the body, and lengthening the circular muscles.

They can be pictured as two tubes, one
within the other. The inner tube, made up
of a single layer of cells, is the gut and has a
pumping organ at the anterior end. The gut
is separated from the outer tube by a fluid-
filled space, which arises during embryonic
development as a result of the breakdown
of layers of cells. This, for the technically
minded. is why nematodes are called pseudo-
coelomate.

The outer tube is more complicated and
has three layers: the innermost, consisting
of muscles which run along the body: the
middle. a very thin hypodermis which
produces the outermost, the cuticle. which in
turn covers the external surface of the worm.
This. with minor modifications, describes the
vast majority of nematodes. although they
range in length from one thirty-second of an
inch in free-living species to over 16 inches
in Ascaris lumbricoides, the common parasite
of pigs. Why should such a very common,
successful, and numerous group of animals
be so structurally simple and uniform in
spite of this great size range?

To answer this question let us recall that in
animals muscles can only contract, or become
shorter. If they are to be used again they
must be pulled back to their original length
by other muscles. To enable muscles to act
against each other in this way it is necessary
to have some structure of constant length
linking each pair. For example, the forearm
is lifted up by the biceps shortening and is
brought down by the triceps shortening
which, at the same time. lengthens the
biceps so that it is again ready to lift the arm,
Here the muscles are acting against a bone
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of constant length which cannot be shortened.
If the bone could shorten, the system would
not work and we would finish up with both
muscles shortened and the upper arm as a
whole shortened. This is one reason for
having a skeleton.

Hydrostatic skeleton

Similarly, an insect or crayfish uses
opposed muscles except that. although the
principle is the same, the skeleton is outside
the body. A third kind of skeleton is
possible. a hydrostatic skeleton in which the
incompressible part is a fluid under pressure.
such as water or blood or the contents of
cells. This kind of skeleton is fairly common
and occurs, for example. in jelly-fish and
nematodes. A nematode can, therefore, be
pictured as a sausage-shaped balloon which
remains constant in length and keeps its
shape because of the pressure of the liquid
in the body cavity.

Section of complex cuticle made up of annules
outermost (top of diagram) and cross-spiral

fibres innermost. The thick region between is

made of a material with the consistency of

butter, and the innermost (lowest) thin layer

attaches to the body muscles. The annules
run round the body.
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To make this tube-like body move. the
muscles which run longitudinally up and
down the body contract in blocks to produce
a series of S-waves like those of most snakes.
In fact, the way in which snakes move has
been well studied and the results also apply
to nematodes. This explains why, in
nematodes. there is only one layer of body
muscles: no more are needed. In earth-

worms, in contrast, there are two layers of

muscles, one in which the muscles run up
and down the body and one in which the
muscles run around the body. Here the
muscles of each layer act to lengthen each
other by shortening alternately and using
their internal body fluids as a hydrostatic
skeleton. This explains why earthworms
move by becoming thinner, squeezing part
of their body forward. then becoming
stouter and pulling their tail ends nearer
their heads. In nematodes the muscles on
opposite sides of the body work against each
other, also using the internal pressure as the
rigid element or skeleton.

The hydrostatic skeleton explains almost
all the structural uniformity of nematodes.
The body is cylindrical because this is the
most economic way of spreading the internal
pressure evenly over the body surface: but
this has one inherent mechanical drawback.
In any cylinder under internal pressure the
tangential stress in the walls is twice the
longitudinal. This means that when any
closed cylinder—for example, a Scuba air-
bottle—explodes under internal pressure a
longitudinal split appears and the ends do
not blow off (if the construction is sound).

Now the strength of any animal using a
hydrostatic skeleton depends on the pressure
it can produce within itself; therefore, if the
animal is to become stronger this pressure
must rise. But in nematodes. although the
longitudinal muscles will prevent their ends
being blown off if the pressure rises, there
are no circular muscles to prevent them
splitting longitudinally. This is the responsi-
bility of the cuticle. As a result, the cuticle
can be very complicated in large nematodes.

Snake-like movement

An added complication is that because the
worms move like snakes the cuticle must be
flexible longitudinally.
strength in one direction with flexibility in
another can be met in two ways—by
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Heads of two nematodes. Above: Sreineridora
species, looking in to the mouth from the end
of the body. The twelve rods support the
mouth opening and the four processes are
sensory setae. Below: tylenchid species, from
the side. This nematode has the well-developed
spear, characteristic of nematodes which attack
plants.
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developing strong rigid rings in the cuticle or
by developing a lattice-work of spiral fibres.
Both methods have been devised by human
engineers for pressure hoses and electric
cables and both have been evolved by
nematodes to strengthen the cuticle,

With the evolution of a strong elaborate
cuticle the problem of cuticle growth arises.
This same problem has been solved by insects,
crabs, and other arthropods by moulting
when the cuticle is cast-off and a larger
replacement  grown. Nematodes have
evolved the same answer to the same problem
by moulting four times so that there are four
larval stages and a fifth adult stage. The
larvae only differ from the adults by being
smaller and lacking a reproductive system.

Because of the internal pressure the
oesophagus, which leads from the mouth to
the intestine, works as a pump to force food
into the gut. But this organ operates by
opening a central canal by means of a series
of radial muscles, so that any food must be
brought close to its anterior end and must
be in small pieces or liquid to prevent it
blocking the oesophagus. The free flow of
the food can be ensured by there being a
hollow spear, particularly in plant parasites,
or a series of teeth at the anterior end of the
oesophagus. The number and arrangement
of the teeth can be very complicated,
particularly in free-living marine species.

Infective stages

There are other, less obvious, non-
mechanical consequences of the body design.
The moulting means that the life-cycle of any
nematode is chopped up into stages. It is,
therefore, interesting that the infective stages
of all parasitic nematodes (i.e.. the time when
they attack a plant or enter an animal)
occur just before a moult. More accurately,
the worm can moult so far and does not
complete the change to the next stage until
its environment changes. by. for example,
being swallowed by some animal. In many
cases this occurs at the end of the third
larval stage so that the third moult is only
completed when the parasite enters a host, or
changes its host if there are two in the life-

cycle. Many nematodes can remain in this
suspended stage for a long time while waiting
for their surroundings to alter.

The importance of the third-stage larva in
this way enables us to trace the likely free-
living ancestors of the parasites because many
free-living rhabditoid nematodes do the same.
Such nematodes eat bacteria and live under
conditions which are liable to dry up fairly
suddenly, such as dung, carrion, or temporary
pools, and they have evolved the ability to
produce third-stage larvae which are very
resistant to drying, extremes of temperature,
and other hazards. In some such worms this
goes so far that they are unable to complete
their development, even if conditions are ideal
for survival. without first experiencing, for
example, a period of drying or extreme
temperature. Here we have a feature which.
although common in (and some think
characteristic of) parasites, originally had
nothing to do with parasitism. This is a
very good example of what is called pre-
adaptation. Some structure or behaviour
pattern is evolved to overcome one set of
problems—in this case those of a free-living
existence—and later the answer turns out to
be very useful in, if not a prerequisite for,
life in quite different circumstances—in this
case to life as a parasite.

The way in which one part of an animal
depends on some other part can be
demonstrated with other groups. because
such a functional unity is a general feature of
organic life. But nematodes supply an
excellent example because so many structures,
organ systems, and aspects of their general
biology can be fitted together as inevitable
structural consequences of their functional
organization. In addition, their morpho-
logical simplicity makes 1t possible to
demonstrate this dependence of one part on
another very easily. Nevertheless, this
simplicity is only relative when we consider
the complications involved in evolving a
body as apparently simple as a tube inside
a tube.

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