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Gallus sonneratti group usually had different titles. East African names

J(:;;I%;LTS?';ISE:E; for poultry are similar to those used in India; Japanese

of Asia, 1883 terms closely resemble those used by the Aztecs and
some other Central American societies.

The preceding sources of information and examples
demonstrate the process by which the history of the
domestic chicken has been traced. Although not all
authorities agree on dates and methods of introduc-
tion, a generalised summary of the current theories
on the dispersal of the domestic fowl can be presented.

The exact date of first domestication is debatable.
Fossil and sub-fossil remains of fowl from parts of
Europe have been reported, but are considered highly
questionable and have not been widely accepted.
Most figures forwarded are between 3000 and 4000 BC.
Fowl were probably domesticated in India by
3000 BC. Burma has been suggested as the origin of
poultry, in which case the initial date could possibly be

some thousand years prior to its appearance in India.

A Burrows alter Carter

r—

1'_§.f Gallus lafayetti

Gregory Millen/Australian Museam

Documentation for the presence of domestic fowl
in the Indus Valley Civilisation places its occurrence
around 2350 BC. Trading between the Indus Valley
and Mesopotamia (ca. 2300 BC) has lead to the sugges-
tion that the chicken reached the Middle East by
2200 BC. Certainly, it was well established soon after.
Active sea routes would have resulted in a relatively
rapid introduction, although a longer overland path
through Afghanistan is a possibility.

The primary purpose of poultry in Mesopotamia
was for sacrifices. The birds were kept in large num-
bers at temples as festival offerings to the goddess
Bau and were referred to in the omen texts. The fowl
became an important element in the Zoroastrian
religion in Persia and later in Greece and Rome. In
the religious literature between 2000 and 700 BC,
it was called the ‘Herald of the Dawn’ and occasion-
ally ‘Bird of Light’. It was said that God created the
cock to crow, thereby fighting the demons of
idleness and the hosts of evil which were harboured
by the darkness. Ancient writers such as Virgil and
Pliny commented on the attitudes towards crowing,
considered in Rome to be a favourable omen. Selec-
tion for this habit no doubt occurred and today
crowing in domestic birds seems to have no real
biological significance. In parts of the Middle East,
crowing contests are still held.

Prior to 2000 BC. considerable domestication of
other birds—ducks, guinea fowl, and even pelicans—as
a source of eggs, had been practiced in Egypt. No

AUSTRALIAN NATURAL HISTORY



evidence of the fowl is found during this period and it
was not until the commencement of trading with
Mesopotamia that the chicken made its appearance in
Egypt. A graffito on a Thebean temple, the first
definite evidence, placed the date near 1850 BC. Other
unquestionable illustrations of cocks were found on
the tombs of Rekhmara (ca. 1500 BC) and
Tutankhumen (ca. 1350 BC), discussed earlier.

Under the leadership and military prowess of
Thutmosis IlIl of the XVIII Dynasty (1504-1450 BC),
Egypt’s borders reached their greatest extent. Among
the tribute received from conquered countries were
four birds. It is described in the Royal Annals carved
in stone on the walls of the Great Temple of Karnak
that ““they bring forth every day’’, i.e. they lay eggs
every day. This capacity for increased productivity in
egg-laying is a selected characteristic in domestic birds
not found in their wild ancestors. It is agreed that this
reference is to the domestic fowl. The name of the
source of the tribute was broken from the wall, but
from a reading of the remainder of the text, this has
been shown to be between Syria and Babylon.

A major subject of controversy was the ‘chick
hieroglyph’, a frequently inscribed figure in tombs,
which, if it was indeed a young fowl, would have
placed the arrival of poultry in Egypt before 4000 BC.
Many interesting theories about the symbol’s identity
were put forth. One author suggested it represented a
now extinct flightless partridge formerly endemic to
Egypt. Others considered a very early introduction

A Burrows atter Carter

(ca. 4600 BC) of the fowl by Mesopotamian invaders
(an invasion for which no other evidence has been
found) to be the explanation, or that religious and/or
aethestic sanctions on picturing the adult allowed
only the chick which was “‘elegant and pleasant in
appearance’’ to be shown. It has now been concluded
that the hieroglyph, which remained unchanged from
dynasty to dynasty, represented the appropriately
named Pharoah’s Quail Coturnix coturnix. Two statu-
ettes of a wattled bird from 4400 BC are almost
certainly guinea fowl.

Other notable Egyptian findings featuring the
chicken are a description in the ‘Hymn of the Sun’
inscribed in the tomb of Ay (ca. 1355 BC) and a silver
bowl| originating during the reign of Seti Il (1200-
1194 BC). The five centuries following Seti Il saw a
decline in external contact with an accompanying
recession in trade. No mention or traces of the fowl
have been discovered in this period.

Soon after the fowl had reached Egypt it had also
appeared in Crete (ca. 1550 BC) by way of
Mesopotamia. It may have been known in ltaly at this

Gregory Millen/Australian Museum

Physical
characteristics, sucl
as comb type, can
often give a clue to
origin. The
strawberry comb
(left) is of the Mala
race, the pea comb
(centre) is of the
Sinitic race and the
single comb (right)
of the
Mediterranean race.

Ceylon Junglefowl,
Gallus lafayetti. Thi
female is in the
foreground. Capt.
W. Vincent Legge's
Birds of Ceylon,
1880.



time but as nothing more than an object of curiosity.
Despite the proximity of Crete, it was not until 800 BC
that pictures of the fowl appeared in Greece. A jasper
seal from a grave in Tharros illustrating a man, a lotus
plant, and a cock, and a coin from the Temple of
Artemis at Ephesus with a cock imprinted have been
found. Both date from ca. 700 BC. By 600 BC, fowl

The cock drawing were commonly represented in Grecian art.

frmm t:ﬁ mmb(c'f The failure of the Old Testament to speak of fowl
tan amen \Cd i
1353 BC). Compare has led some authors to conclude that the bird was

the comb type With ,pcent in Palestine during this time. They fix the time
ose | ' -
the previous page. of its introduction in the second century BC. Recent

archeological excavations near Jerusalem, however,
have revealed pieces of pottery with figures of both
male and female fowl. A double spur in one picture
suggests an emphasis on the fighting abilities of the
bird. Cocks are shown on two seals from Jerusalem
(ca. 587 BC), one for Yaazanjahu, ‘the Servant of the
King’, and one for Yaachazjuhn, ‘the Son of the King’.
Chickens were not used as food and one authority
attributes this reluctance to the bird’s position as a
sacrificial object in Persia at the time.

Following the Persian conquest of Egypt in 525-
524 BC, the fowl once again became an important
part of the culture. A seal showing a hen defending
her chicks and clay vessels in the form of cocks are
among the variety of ways this bird was incorpor-
ated into the art. In the Greek and Phoenician colonies
around the mouth of the Nile, it was a favourite
subject of artists in their terracotta work.

By 200 BC, poultry had assumed a very significant
role in Roman life. Although Pliny, Varro and other
later writers praised the fighting abilities, it was in
Rome that husbandry of the fowl reached its highly
complex level. Specialised breeds and rules for their
care were developed. Within the vast poultry industry
that grew, specialist branches were formed and details
of economic problems outlined. Ancient scribes’

An ltalian coin, 9€scriptions portray stocks similar to those of present
circa 268-240 BC, day and as equally prolific as egg layers. Chickens
from the private ¢ o4 a conspicuous part of the Roman diet. Possibly

collection of P,
Boland. the best known reference at this time is the Biblical

Charles Turner

Gregory Millen/Australian Museum " -
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narrative of the cock crowing thrice following Peter’s
denial of Christ.

Several pathways of introduction into Europe are
currently accepted. One is that from Egypt to Crete
and from there to Greece and ltaly. Another is a route
through eastern and central Europe, eventually con-
verging with the first introduction in northwest Europe.
When the Romans invaded Europe, they discovered
fowl as part of the Celtic society in 100 BC and in
Britain in 43 BC. In Cornwall and Scotland, legends
suggest that the Phoenicians brought the birds, which
if true, raises the possibility of the existence of a sea
route.

With the fall of the Roman Empire, the chicken’s
importance diminished. It was raised for food on a
farm to farm basis but did not reach the magnitude
that it had earlier. The breeds were genetically strong,
however, and were thus maintained with little conscious
effort. No large scale resumption of the industry was
made until the nineteenth century.

In the opposite direction of the Middle East and
European introduction, domestic fowl were trans-
ported from India to the Orient. Domestication of
poultry in China was practiced by 1400 BC, primarily
for religious and fighting purposes. During the Chou
Dynasty, 11th to 3rd centuries BC, chickens were used
for sacrifices. Although the record is not as well docu-
mented as the westward dispersal, it is known that the
fowl was introduced to most east Asian societies and
the development of the Asian breeds began.

The nearest relatives of a breed found in East Africa
seem to be those in India, which is consistent with the
Idea of a direct introduction by sea.

The role of European explorers in the arrival of
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PHARMACOPOEIA NOVA

AN UNDERSEA SEARCH

BY JOE BAKER

‘deal recreational facility, without seriously
considering its potential for scientific or economic
development. This attitude, which so markedly contrasts
with that of Asian and Pacific Island countries, began
to change in the late 1950s and early 1960s, particularly
in consideration of the economic role of Australian
fisheries and in recognition of the scientific need for a
greater emphasis in Marine Science.

Government support came in the establishment of
the Australian Institute of Marine Science (AIMS). Uni-
versities introduced additional courses in Marine Science
and these courses have attracted an increasing number
of students. However, apart from the example provided
by AIMS, the number of openings in State and Common-
wealth Agencies employing Marine Scientists has not
increased in anything like the same proportion, and
specified Government support for Post Graduate
Research in Marine Science at this time, is grossly
inadequate., '

Australian commercial and industrial organizations
have been slow to enter new fields based on the poten-
tial of the marine environment, due to the current
paucity of detailed knowledge about marine organisms
and their environment and to the high cost of the
equipment needed to harvest and utilise marine organ-
isms. The technology associated with this equipment
lags seriously behind that of comparable equipment for
the use of terrestrial resources. Even with extensively
used resources such as fish, prawns, cray-fish, abalone
and scallops, the application of commercial farming
methods is little more advanced than laboratory scale.

F or many decades Australians regarded the sea as an

The first major mmmerclal comm iy
potential of the Marine anwronments""’-:f 0T
biologically active substances came Trom the oWIss Tirm
of Hoffmann-La Roche in the establ‘l_T _..{.

Roche Research Institute of Marme Bt '
(RRIMP), on April 20th 1974, at Dee Why, Sydney._ e 1' S
The objectives of RRIMP were summarlsed as. i B
(i) to isolate and characterlzechemical componen |

of marine fauna and flora;

(i) to investigate the actlwtles nf thesa mnw

in mlcrobiologv and phannacnlogv in.._ _
to test the communds for smtabilltw S
‘therapeutic uses in medical and vat&rl
applications; S

(iii) to provide such blologlcally activa natur'a

compounds as models for Iaboratory synthesls. ,Jq. |

(iv) to co-operate with other institutions in carrying _

out research in marine science. e A b

?‘“
o

_h;.l.

":‘t

RRIMP is umque in Australia. In othar countrles onlv
the Russian Institute of Marine Blo-orgamc Chernistry 75
at Vladivostok appears to have sumlar obiectwa:._. ‘*’"

Now, alittle ovartwayaarssince RRIMPwas opened, S
some progress can be observed, but the time is fartoo
early to unambiguously assess the often asked question,
“Will the marine environment provide new materials
with biological activities that can be used for the
betterment of human and animal health or for the
improvement of agricultural crops?”’ Prolonged testing
of potentially interesting leads will be required before

any one of the diverse components of that question
can be answered. '

m
JOE BAKER, Director of the Roche Research Institute of Marine Pharmacology, is a Trustee of the Australian Museum and of the
Museum’s Lizard Island Research Station. His research interests include insect gland constituents and colouring matters and bio-

logically active substances from marine organisms,




RRIMP

~ Jellyfish are particularly
common on the NSW coast and
in Pittwater thousands can be

| SERRR - ~seen on any summer Sunday afternoon

- cruise. Man' ﬁhﬁ?ﬁh have associated with them trace amounts

v -.- I'i ‘1- -I

A il ~ of chemical substances which can cause skin irritation or even

acute discomfort. Despite the fact that these are in general more

'1 an 98% water, they are proving-a species worthy of detailed study.

L
r

The variety of features of Australian beaches, man-
groves, headlands and sea beds necessitates a range of
collecting methods from the simplest forms of inter-

- tidal collecting to scuba diving and trawling.

A major consideration in collecting marine organisms
to determine their chemical constituents, to ensure

that opportunities for enzymatic breakdown of the
natural constituents are minimized during transport of

~ the samples to RRIMP. The most common methods

used are to place the specimens in an appropriate
extracting solvent such as isopropanol or ethanol
immediately on collection, or to transport them to the
laboratory frozen and store at —20°C until required for
extraction by the chemists. What may appear in nature
as an attractively coloured submarine display may lead
to pure chemical substances. Marine organisms provide
new classes of natural substances, but large quantities of
these are not needed for further testing. The required

- amounts can be synthesised. Certainly marine organisms

have vyielded completely novel classes of natural
products—never found from terrestrial sources and
unlikely to be thought of by man as molecules to
synthesise.

Due to the inadequate knowledge of taxonomy of
Australian marine species, and to the variety of novel
compounds from marine organisms already recorded in
the literature, the most obvious results of RRIMP’s
first two years of work, come from the Biology and
Chemistry sections.

Results from the Pharmacology and Microbology
sections depend upon the establishment of a wide
range of tests which must first be established on pure,
known drugs before the unknown marine materials can
be evaluated. In Pharmacology, the major tests are for
substances active in the central nervous system, active
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in A derivativ _
to a perhydro Vitamin PN e
cmmimund has come from a plant sOUrce — either in the se

| | The
surencia elat red alga (left sige of photol.
on land. Laurencia elala a s of the sigee: e

DOSSess 3 wide variety of
halogenated substances.

Laurencia are among the most com
chemically interesting because they

Below Centre: A typical underwater scene of benthic

. Large f
vertebrates as found off Sydney. Large numbers O

‘NONGes S > = are rare on the Great Barrier
sponges such as these are Elr

] ; . h a
Below: Soft corals such as this bright red .{Jendrpnep:dsm
i ¢ +he Barrier Reef and extend into

waters. Soft corals have provided interesting FﬂaETGCVFJ:(i
e areen one (right side of photo) IS another sO
coral — a Lobophyton sp.

sbound in the waters O

substances. | he

on blood pressure or active as anti-inflammatory or
analgesic agents. In Microbiology, the interest centres
on tests for anti-bacterial and anti-fungal agents. Both
sections have completed the majority of their tests

against standards, and routine screening for activity
of marine substances will soon be operational.
Tests conducted in Pharmacology and in Micro-

HRIMP
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This sea urchin can
be found around the
Sydney area and is
VEry common on
the Great Barrier
Reef. Itisa -
common occurrence
for sea urchins of
this type to have
floating pieces of
seaweed attached to
them, which is said
to be a possible
protection for the
sea urchin against
the sun,
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biology will be either away from (in vitro) or on live
animals (in vivo). Within the Microbiology section,
classical methods are followed in the screening for
activity against eight different bacteria and two fungi.
A further method available for determining the /n vitro

HHIMP

activity of anti-bacterial substances is bioautography.
In this technique thin layer chromatography plates are
covered with a bacterial suspension after completion of
the normal thin layer chromatrography process. After
incubation, zones of inhibition of growth of bacteria
can be readily recognized. The technique has the added
advantage of direct comparison on the same plate, of
the activity, of a standard antibacterial agent.

The in vitro tests must be followed by in vivo tests
in animals carrying specific bacterial infections. Such
tests are conducted in isolated laboratories and strict
safety measures are practiced. Some of the equipment
used has been developed within RRIMP. One such
example is the mouse runway apparatus used in the
Pharmacology section, in which the in vivo effect of a
substance on the locomotion activity of mice can be
assessed as the mouse passes through a series of infra-
red light beams, the interruption of which is recorded
electronically. In many ways the apparatus relies on a
principle similar to a light beam that triggers a mech-
anism when broken, to open a door or to set off an

alarm. In the mouse runway apparatus, the interruption
of one of the light beams records a sinyle pass on a

AUSTRALIAN NATURAL HISTORY
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read-out instrument and the circuitry is adjusted sz
that continuous back and forward motion through the
same beam does not result in multiple recording of a
pass through that beam. The adjacent beam must be
crossed before the first one records.

The effect of marine substances on the circulation
system of the rat, in particular the influence on heart-
beat and blood pressure, is also routinely studied.
Heartbeat may vary either in force or in rate, or both,

under the influence of certain chemical substances, and

heart surgery. With blood pressure measurements, we
are searching for substances which either increase blood
pressure (hypertension) or lower blood pressure
(hypotension). Other experiments are designed to
determine anti-inflammatory and analgesic properties
of test substances and where activity is demonstrated
in any of these tests, detailed studies on the mechanism
of action are conducted. Many more tests must be
conducted on promising substances before they could
be considered for commercial application.

RREIMP

HHIMP

Before a substance can be proposed for human
application, tests additional to those available in RRIMP
must be conducted in other Roche centres. In the
search for new biologically substances, RRIMP enjoys
the very real advantage of having available the extensive

screening facilities of Roche worldwide. The time
required for such tests is estimated at 6-10 years, the
cost of developing a new substance to the stage of

being a marketable drug, as high as $24 million.

The contribution of RRIMP to this overall develop-
ment is one of basic research where substances showing
promise of being of benefit to mankind are given the
maximum chance of development to that end.

p—
-k

Laboratory
techniques include
the mouse runway
apparatus (left) and
special equipment
for measuring the
mouse’s blood
pressure.

Cross section of a
sponge collected off
the NSW coast.
Under the ocean it
Is red in colour with
an overall fan type
shape and in this
example is covered
by a colonial
anemone. Sponges
have given rise to
totally new series of
compounds.

A diver in the
shallow waters of
North Queensliand.
Note large numbers
of soft corals.



'I'"-!'_

Fme™

rG O TN ¢

A telephoto shot of
Motmot erupting at

1973.

2
:
n
...'.e
)
;
E
;
:
z
l

ewly-created islands seem 1O interest almost
everyone, but they hold a special interest for the
ecologist because they provide him with a ready-made
laboratory for studying biological colonization and
succession. In 1969 Jean-Marie Bassot and | discovered
<uch an island, which the local people call Motmot,
about 3km from the nearest shore of Lake Wisdom, a
large freshwater lake which fills the central caldera of
Long Island, Papua New Guinea.

From the sea. Long Island appears as a long, low-
lying land mass connecting two peaks, so it is quite
logical that William Dampier, who sailed by iIn 1700,
named the island as he did. In fact, however, the island
is a nearly circular collapsed volcano and steep cliffs
200-300m high surround most of the crater containing
Lake Wisdom. The vegetation of Long lIsland varies
from open savannah just back from the coast to
rainforest on the crater walls and moss forest on the
mountain peaks.

The whole of the island is scenically spectacular and
it is presently under consideration as a National Park.
It has an abundance of animal and bird life, mostly
because of low hunting pressure from the relatively
small human population (approximately 700), who
live in five villages on the seashore. The low human
population is the result of slow recolonization follow-
ing a large eruption which apparently devastated the
island sometime between 1700-1750 and killed all
those islanders who hadn’t fled in response to the
initial rumblings. The islanders are basically subsist-
ence farmers although they also do some hunting and
fishing. They only go up on the crater rim to hunt and
very seldom go to Lake Wisdom.

One digression would appear to be worthwhile
before we consider the evolution of the flora, fauna
and physical features of Motmot: this is, to stop and
consider what information we can hope to gain from
such a study. We have been handed a natural experi-
ment and all we have to do is let time pass and
observe, while interfering with the course of events
as little as possible. The things that we want to know
can be summarized by two questions: (1) What gets to
the island and how? (2) What succeeds (i.e. survives
and reproduces) and what does not and why? The first
portion of each question can be answered just by

visiting the island at regular intervals and recording
what organisms are present. The how and why parts of
the questions, however, are considerably more difficult
and require a knowledge of the biology of the

organisms involved and a certain amount of detective

work before they can be answered. With this back-
ground, let us now proceed to examine the evolution
of Motmot and its plant and animal life.

An island first appeared where Motmot now stands
in 1943 but it had apparently been eroded away to a
shoal by the early 1950s. A new series of eruptions
began in 1953 and activity continued intermittently
until June 1955, leaving an island approximately
400m x 100m. Wind and waves gradually eroded this
island until by 1968 it had been reduced to a ridge and
two small islets. In March 1968, eruptive activity began
again and at the time of our first visit in 1969, there
were two islands separated by a channel 1-2 metres
deep.

When we first arrived on the shores of Lake Wisdom
in October 1969, we had the good fortune to find a
canoe which had been built in anticipation of the
arrival of a party of geologists. Using this canoe we
were able to reach the two islands in Lake Wisdom
which, we found, differed considerably from each
other. The north end of the large island contained a
small crater pond and was separated by a saddle from
the slightly higher south end, which reached a height
of approximately 30m. The large island presented
rather unfavourable conditions to any potential
colonists due to having either very steep slopes which
were constantly being eroded and collapsing onto the
beach or hot, highly mineralized water which had to
be crossed to reach those areas with more gradually
sloping beaches. In addition, the large island was very
porous so that it was extremely dry everywhere except
on the beaches and around the crater pond.

The only mature plants in 1969 were two clumps
of sedge. Aside from sedges there were only three or
four immature plants on the entire remainder of the
Island above beach level and a total of 68 seedlings on
the two small areas of beach that combined a relatively
gentle slope and moderate water temperature.

Black ducks were present on and around the island
and there were two nests containing eggs in crevices

9pm on 26 October, ELDON BALL is a Research Fellow in the Department of Neurobiology,

National University, Canberra. He is interested
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Stages in the
development of
Motmot. The top
and centre photos
show eruptive
activity in 1968.
The bottom photo
was taken in
November 1969 at
the time of the
author's first visit.

Bureau ot Mineral Hesources/Photos by permission of the Roval Society

near the crater pond. Swallows were also flying around
the island but no nests were seen. Four large lycosid
spiders, from the dry ridges above the crater pond,
were the only invertebrates found.

The small island had physical conditions much more
favourable to life than the large and five species of
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plants and 22 species of invertebrates were already

established there. However, sometime during the
following year, this smaller island was reduced to a
totally submerged shoal and has remained submerged

ever since.
Due to other work, | was unable to return to Long

Island in 1970. However, by good fortune Dr. R. W,
Johnson visited Motmot during a geological expedition
in September 1970, and from his photos it is apparent
that sedges were getting started around the small
crater lake at this time.

In 1971 Joe Glucksman (PNG Fisheries Research)
and | were dropped off on Long Island by the admini-
stration boat Koro with the promise that it would
return for us in about a week. We had hoped to use the
canoe that had been built on Lake Wisdom in 1969 to
reach Motmot but, on our arrival at the lake, we dis-
covered that this had rotted and we found ourselves
sitting on the shore of Lake Wisdom still separated
from our goal by 6km of water. We thought about
swimming to Motmot, but this would have meant that
we couldn’t take any equipment with us, so we hired
some of the islanders to build us a canoe. This they
did over the next few days, making very clever use
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of vines, pegs and woods of different hardnesses.
However, when we tried the canoe, which was made
of green wood, we found that it sank under the weight
of any one of us.

As we were running out of time we decided to try
to reach the island by using the canoe as a raft for
our cameras and other equipment and kicking it out
to the island. This worked out fairly well with Angus,
our camp boss, who was the lightest of the three,
sitting on the main log steering while Joe and | lay
on our backs and kicked with swim fins while holding
onto the outrigger support. In this fashion we managed
to reach Motmot in about 4 hours. We spent the
remaining hours until dark hurrying about taking
photographs and measurements and collecting speci-
mens. That night a storm came up but we slept
relatively comfortably on the volcanically heated sand

AUSTRALIAN NATURAL HISTORY
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beach. The next day we continued our survey of the
island from sunup until about noon and then kicked
our raft back to our camp on the shore, arriving just
before dark.

On Motmot we found that the number of plants had
greatly increased since 1969, both in number of
iIndividuals and in number of species. The plants had
flourished best around the pond, but there were also
scattered individuals on the drier crater walls. None of
the seedlings which had been present on the beaches
in 1969 had survived, but there was a new crop in
1971. Sedges were by far the most successful plants
with a few individuals of other species also present.

The large lycosid spiders found in 1969 were now
present everywhere on the island, but other inverte-
brates, including earwigs and small beetles, were
limited to the beach. Ants were found on the beach
and around the crater pond. Black ducks and swallows
were common and both were nesting on the island.

On the basis of our 1971 visit, we decided that we
wanted to do a more complete survey of Motmot and

. Ball
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of the flora, fauna, and physical properties of Lake
Wisdom. So in 1972, with the support of the National
Geographic Society, Glucksman and | returned to Long
Island for a month. This time we went well prepared
with a folding aluminium boat and a motor, which
made our work much easier. When we arrived at Long
Island we found that it was suffering from the worst
drought in the memory of the islanders. The effects of
the drought were very apparent on Motmot for,
although both species diversity and number of plants
had increased compared to 1971, many plants either
had died or were close to death from lack of water.

Motmot underwent some fairly extensive physical
changes between our 1971 and 1972 visits. During
the rainy season, heavy wave erosion had cut through
the thinnest portion of the crater wall thus connecting
the crater pond with Lake Wisdom. By the time of
our visit, however, the water level had fallen so low
that the two lakes were separated by an exposed sill.
In addition, a vent, probably caused by a steam
explosion, had opened above the crater.

Jean-Marie Bassot
photographing a
spider on the rim of
the crater on
Motmot.

Angus and Salong
putting the finishing
touches on the
outrigger canoe nea
camp on Lake
Wisdom.






Ing two species of ants, two species of spiders and
one species of earwig. Beetles, bugs and ants could
have reached the island by some cecmbination of flying
and being passively carried or as either eggs or adults in
floating vegetation or associated soil. Both dragonflies
and flies would have reached the island by a combina-
tion of flight and wind drift.

It is relatively easy to explain the survival of some
of the intervebrates on Motmot. For example the
beach fauna of small beetles, ants, earwigs and bugs is
either living directly on plant or animal material which
washes in or on smaller organisms which are utilizing
this material. The ant species from around the crater
pond are general scavengers or feed on small insects.

Lycosid spiders are strict carnivores, but they were
already present in 1969 before we found other inver-
tebrates on the island. It I1s possible that our search
for other organisms was inadequate but, since lycosids
are known to survive for more than six months without
food, it seems likely that they were existing on insects
that were occasionally blown to the island and on
midges that periodically hatch out there. Also, once
the earwigs became established they would have con-
tributed to the spiders’ diet.

The earwigs first became established on the beaches
and then gradually moved inland. Their gut contents
included the remains of earwigs and spiders but they
may have been feeding on smaller invertebrates and
some vegetable material as well.

A new, high cone at the north end of the island
where the crater pond had been and a lava flow
(Motmot’s first), which considerably increased the
island’s area, were the main results of the 1973 erup-
tions. At the end of the eruptive period, three clumps
of sedge were the only higher plants remaining alive
on the island. The beach fauna, which was richest at
the south end of the island, was relatively little
affected by the eruption and although large numbers
of lycosids and earwigs were certainly killed, many
survived and some of these survivors were already
recolonizing the new ashfields within a week of the
end of the volcanic activity.

When we returned to Motmot in 1974, we found
that a new cone had been created on the east side of
the island since our last visit. In addition, the south
end of the island had heated up considerably and this
had killed many of the beach invertebrates. The few
sedges that had survived the 1973 eruption had repro-
duced and a few other plants were again getting started
on the higher parts of the island. The lycosids and
earwigs were still flourishing although they were now
more abundant at the north end of the island due to
the heating at the south end.

The general impression in 1974 was that the posi-
tion of life on Motmot was more precarious than at
any time since 1969 and we have not been back to
Motmot since our 1974 visit. However, in the past
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Motmot has always settled down to an extended period
of quiescence following a year or two of activity. In
addition, the extensive lava flows of 1973-74 mean
that Motmot will not be rapidly eroded away this
time, so it will be interesting to follow the changes in

the biota of Motmot in the coming years.
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Rising steam from

Lake Wisdom — the
new hot area on the
east side of Motmot
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SURVIVAL IN AN ARID LAND

BY W.V. MACFARLANE

deficiencies of water and food, excessive solar
radiation and salt, and even frost in winter. Mammals
have evolved various adaptations to allow survival in
arid regions.

The three main principles underlying desert adapt-
ations are structural, physiological, and behavioural. To
illustrate how these principles work, it is useful to
consider a series of contrasting pairs of mammals em-
bracing both marsupials and placentals. The first pair
comprises a large and a small mammal each evolved for

desert conditions.

The desert is a place of extremes, with intermittent

The desert mouse and the camel are two of the

more effective desert mammals. Desert mice (genus
Notomys) evolved in Australia and are small (20-30qg),
active, communal seed-eaters. They escape the sun and
hot winds in air-conditioned burrows (temperature
25-28°C).Their food seeds have a high energy content
but very little moisture so water is derived mainly from
burning the hydrogen of fats and starches. They do not
need to drink because water is saved by their powerful
kidneys which produce the most concentrated urine so
far recorded. Water is also conserved by the production
of dry faeces, the absence of sweating and a very low
metabolic rate which prevents respiratory water |oss.
The low metabolic rate saves on food but this low rate

W.V. MACFARLANE is Professor of Animal Physiology at the Waite AgriculturalF Research Institute, South _Australia_




of energy use does not mean that the Notomys are
sluggish, in fact they are extraordinarily active and
efficient. Their burrowing and nocturnal behaviour
make water-cooling mechanisms unnecessary. This is a
function of size since small mammals escape heat
rather than use water for cooling.

Camels are too large (500-700kg) to escape the
rigors of the desert. They evolved in the dry west of
the USA (Dakota) and migrated three million years
ago to Asia and then to Africa. Dromedaries in Australia
respond to seasonable change in day length by shedding
their thick matte winter coat in spring and growing a

sleek shining summer coat under the influence of
longer days. The surface temperature of winter coats
in the sun can reach 65°C but the smooth summer coat
reflects heat, and rarely rises above 46°C. Equatorial
camels do not shed their coats but retain a smooth,
reflecting surface throughout the year. Like most
desert mammals, the camel’s skin is dark so that even
If it did receive ultraviolet radiation there would be
little sunburn.

In 1907, camel’s were brought to Western Australia
where veterinary officers noticed that body tempera-
tures were high in the evening (41°C) and low in the

His major research interest is the ecophysiology of Australia’s arid regions.

In central Australia
during the long
drought of
1958-1966,
lactation was an
added strain on
camels. These
animals had lost
most of their
humps, but
continued to feed
their calves up to
two vyears.







five days without water. Dasyuriodes and Dasycercus
are slightly larger but they originated in the desert,
like the camel. They have low rates of metabolism and
water turnover, and need not drink if they can catch
insect food. Sminthopsis does not burrow, but lives
under logs or rocks. It is found up the great river
system of the Murray-Darling and as far into the
desert as Oodnadatta. By contrast Dasycercus has its
heartland in the central desert where it makes deep

burrows, forages for insects at night and lives away
from water. Both types of marsupial go into torpor if
food supply is low. Body temperature falls to 12-14°C
and with it, of course, the energy and water demands.
The animals are fairly easily roused, then they search
for food or, in the case of Sminthopsis, for water.

wW.V_ Mactarlane
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Sminthopsis and Dasycercus look alike. They both

grow fat tails during good seasons but, interestingly,
Sminthopsis turns over water and energy three times
faster than Dasycercus and so dies quickly without
food or water. Dasycercus is extremely active yet its
rate of use of water and energy is low. It can live at
least three times longer without food and water than
Sminthopsis. Sminthopsis populations seem to die out
during long droughts but can re-invade dry country
afterwards since a nuclear population is maintained in
cool wet areas. In contrast Dasycercus or Dasyuroides
sit out the dry periods. Desert insects are still numerous
during drought so food containing water is still available.

Among the grazing marsupials, the hairy-nosed
wombat is physiologically nearest to the camel. It has

After the drought
broke in 1965, the
camels ate
persistently over the
next three years and
put away 200kg of
fat, ready for the
next famine. This
fat could feed them
for at least six
months.

This Australian
camel was nine days
without water with
daily temperatures
of 40°C. The main
sign of its
dehydration is the
retracted adominal
line. Near Alice
Springs, latitude
24085, the effect of
day length on the
coat Is to leave a
rougher, longer fur
than is seen in
equatorial camels.
The toenails of the
camel show clearly
on top of the feet.
Camels walk on the
soft pads of their
fingers and toes.
The hard, dry,
faecal pellets of the

camel are scattered
over the ground.







very low rates of use of water and energy which fit it
both for the desert and for life in its protective burrow.

In the arid areas, it is useful to contrast wallabies
and kangaroos, sheep and goats on the one side, with
cattle and humans on the other. Sheep and kangaroos
are intermediate in metabolic rate and water turnover
between the low-rate camels and high-rate cattle. Sheep
can survive eight days in summer without water and,
like kangaroos, they lose it at the rate of about four
percent each day. Goats are rather more drought-
resistant than sheep and the euro or hill kangaroo is
better at desert living than the grey kangaroo but the
differences are not great. These animals function
between cattle and camels also in urinary concentration
and faecal water content and show some differences in
the ways of desert living. The Merino sheep for instance
has an insulating coat which becomes extremely hot
(30°C) on the surface, but the wool prevents the heat
reaching the skin. Kangaroos have a more reflecting
coat which does not become much hotter than 55°C.
Merinos stay out in the sun on the treeless plains
whereas Kangaroos prefer living in scrub country,
seeking the shade of bushes in creek beds. Wallabies
use rock shelters to escape the sun and graze at night.
Kangaroos graze the greener plants but sheep will eat
dry grasses. When a sheep is without water, it loses
fluid from the gut as well as from the plasma. Plasma
volume falls to about half in ten days and yet the
sheep Is able to maintain circulation with this un-
usually low volume. It is far less tolerant of salt than
Is the camel—1.8% of salt in the drinking water
causes staggers and usually death. Kangarros have a
similar physiology.

On the other hand, cattle, pigs and humans have
high rates of water turnover and are not really adapted
to desert living. At 40°C cattle will die in four to five
days without water, losing seven to eight percent of
body weight each day. Humans are even less adequate
and, without water, Aborigines die within two days
during summer exposure. Europeans walking in the
desert sun with no water often die within four hours.
This is because man is the greatest sweater of all
animals (up to 3 litres per hour). On a desert walk,
he would lose over one litre an hour, straight from
the blood. Soon circulatory shock sets in.

The Aborigines, in spite of desert living and forty
thousand years in Australia, produce nearly twice as
much sweat in a day as Europeans and, accordingly,
they drink twice as much water. This probably relates
to their origin in the wetter parts of southern Asia
where water was plentiful. They are not really desert
peoples, but rather they have adjusted behaviourally
to living near desert water sources. Like kangaroos they
lie up in the shade by day, then travel at night. Neither
man, pig nor cattle beast is tolerant of salt. About one
percent of salt in the drinking water is enough to
produce neurotoxicity.
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Cattle in the arid areas are similar to Aborigines In
their response to heat. They seek shade and water; they
sweat, but not as exuberantly—at a rate less than a
third that of man. They develop thin, shining coats
which reflect the heat of the sun and as a second
defense they evaporate water from the turbinals of the
nose. In the desert, however, they still retain jungle
equipment. The muzzle of a cow is covered with glands,
which secrete a dilute salty fluid with mucus, which
protects the nose from excoriation during swamp
grazing. In the desert it still loses water rather point-
lessly among the dry grasses.

In all these contrasting approaches, there are hier-
archical functions. Evolutionary processes have selected
proteins of particular types for each sort of environment.
The energy-water-protein turnover hierarchy has its
high point in jungle animals (cattle, pigs, deer or man)
and its low points in the desert (camel, goat, wombat)
with intermediate rate functions in sheep, kangaroo,
and wallaby. The desert animals are the most tolerant
of salt and those most intolerant derive from the jungle.

Reproduction presents a similar set of contrasts.
The camel, as a desert animal is an opportunistic
breeder. After two months of good food, its pituitary
turns on hormones leading to oestrus, rut, mating and
the conception of young. These are born eleven months
later, when there should be further rain and food. The
delayed implantation and cessation of breeding during
drought, common in macropods, is also a desert defense
mechanism.

Animals which adjust to the desert behaviourally, in
spite of inappropriate, high rate-functions are much
more vulnerable to heat and drought and lack of food
and water than are those which have evolved with the
full machinery of desert ecophysiology. For the desert,
low rates of turnover, high salt tolerance, heat escape,
heat storage mechanism, water economy, plasma
volume maintenance in dehydration and opportunistic
breeding are functional advantages. If living organisms
originated in water, the desert animal has come furthest
from it and has reached the peak of evolutionary
adaptation.
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Wanderer butterflies migrate from inland
areas to the coastal region where they gather
Into clusters at certain localities to pass the
winter as a fairly non-active,
non-reproducing population. In spring they
set off to areas in which the females can
find plants suitable as food for the next

generation of caterpillars.
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and a migrant butterfly will insist on flying in winds
which would normally force it to settle down and seek
shelter on some shrub or tree. This peculiar insistence
on flying in high winds frequently means that the Insect
s blown off course; in fact, it is not unusual to see
butterflies flying into a headwind and actually being
blown backward! The fact that migration continues
under such conditions frequently means that migrant
butterflies end up in areas a long way from their point
of origin, having been carried by wind as well as their
own efforts. In the normal course of events, however,

More than one species may be on the move at once
In one area and they may move in different directions.
In Sydney in November it frequently happens that
Caper White butterflies, (Anaphaeis java) are moving
northeastward at the time Painted Ladies are moving
southeastward. Concurrently, hover flies have been
recorded as flying westward.

The density of the flying mass of insects varies
according to the population levels of that season. In
years of high population, hundreds of migrants of one

species may be in view at once whilst at other times it

An entomologist
nets butterflies at
Camden, NSW as
part of The
Australian
Museum'’s butterfly
migration study.

the direction taken by the butterfly has no relation to
the wind at the time.

Some species take flight over a remarkably broad
front. The Painted Lady butterfly (Vanessa kershawi)
Is known to eastern Australia over a front from the
coast at least as far inland as Wagga Wagga. Even wider
fronts have been observed in other species. Some species
move in fairly narrow streams which seem to divide
and link up again, leaving wide areas between the
streams which are not occupied by the migrants in flight.

VOLUME 19 NUMBER 1

may be necessary to keep a very close watch on each
specimen and record its direction of flight before a
migration can be detected. It seems that each individual
Is undertaking the migration independently of the
others although in some insects, such as locusts, there
Is a strong influence of one specimen on another. In
butterflies, it is not necessary for the individuals of a
species, when migrating, to be in view of one another.
When populations are low, only an occasional specimen
may be seen, with intervals of perhaps an hour or more
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particularly useful for studies of nocturnal species and
those moving at heights. By using combinations of

many techniques, scientists have gradually built up the
present body of knowledge of insect migrants.

Although a regular part of the behaviour pattern,
migration behaviour is adaptable to the changing needs
of the species. An excellent opportunity to study this
flexibility presents itself in the Wanderer butterfly. The
movement of this species has been studied in Australia
with the help of naturalists making observations all
over the country. Almost five hundred co-operators
have been making observations on this and other species,
as well as being engaged in a mark-and-release pro-
gramme which has been operated from The Australian
Museum. The Wanderer is a native of North America
where it undertakes annual migrations, sometimes of
more than 2000 miles, to the south in autumn with
northward extension of range over a series of summer
generations. The Wanderer arrived in Australia late last
century. It would be reasonable to expect a reversal of
migration directions on such a change of hemisphere
but, in fact, the observations made by the co-operators
in the migration study scheme have revealed a remark-
able change in movement pattern in adaptation to the
Australian climatic regime especially with regard to
movements of cold fronts. Instead of a north-south
movement In eastern Australia, we find a movement
from the inland areas towards the coast in autumn. In
the coastal area, the population usually becomes

restricted in winter to three areas. There is a northern,
coastal continuously-breeding population from northern
New South Wales to north Queensland. There is an
isolated population which is mostly non-breeding
during the winter in the Adelaide area, and, similarly a,
mainly non-breeding winter population is isolated in
the lower Hunter Valley, adjacent river valleys and the
Sydney basin. From these three separate over-wintering
zones, the populations spread out in the spring so that,
by summer, the whole of eastern Australia is again
occupied by a breeding population. The Wanderer has
adapted its migratory pattern to suit Australian con-
ditions with its different pattern of cold front move-
ments and this has enabled it to colonise those areas of
the continent in which there are plants suitable as food
for its caterpillars.

Population movements, whether large or small, form
an integral part of the behaviour of insects and are of
importance in understanding the biology and ecology of
any species. Such understanding enables us, in some
cases, to predict where populations will rise and where
they will fall and this is of some consequence to those
who are responsible for restricting the depredations of
pest species. The activities of migrant species throw some
light on the physiological mechanisms involved in orien-
tation of insects in flight, and the seasonal distribution
and changes in distribution resulting from migration
throw light on the way in which insects respond to
climatic and other changes in their environment.

Charles Turner

Waterproof paper
tags bearing an
Australian Museum
serial number are
placed on the
butterflies wing.
Specimens of
Wanderers marked
in this way have
been recaptured up
to six months later.






AL AND RECENT

[of Surgeons] will have every opportunity of
having anatomical preparations . . . bodies will
be kept and if sufficient [ly] valuable will be
forwarded . .."” (p. 78)

There can be no clear and general demarcation
between the first and second phase, but | have long
felt that the Krefft affair of 1874 marked such a
turning point and that his dismissal from directorship
of The Australian Museum was due more to his
inflexible determination that it should be a centre of
serious research than to his personal shortcomings.
He had the effrontery to contradict the great Owen on
the nature of Thylacoleo, the fossil marsupial lion
(and to be proved right by subsequent researchers).
When Owen complained to Henry Parker, Krefft
replied to the Premier;

“. .. | take the liberty to remark that a thorough
History of our Anals can only be written in this
Country and in this Colony. There is no Museum
In the World which has the Australian Collections
we have and not one Professor can command
such a series . . . as | brought together . . . | had
letters from the greatest of living Anatomists
siding with the views | take regarding our
Australian Animals and | regret to say that
Professor Owen goes on teaching what is not
correct.”

McCoy was no less of a partisan for the Melbourne
museum but as an adjunct to the university rather
than as an independent institution.

One could possibly date the beginning of the third
of Basalla’s phases from the first science graduates in
the eighties and, almost contemparaneously, with the
first meeting of the Australasian Association for the
Advancement of Science (now ANZAAS) in 1887,
product of the faith and hopes of Bennett and
Liversidge. Interestingly, this brings us back to Banks’
interest in the reproduction of the platypus for, when
the visiting Cambridge biologist Caldwell solved this
question in 1884 and transmitted the solution via
Liversidge to the Montreal meeting of the British
Association for the advancement of Science in a
succinct cable, ‘““monotremes oviparous ovum
meroblastic”, Liversidge was moved to write to the
Sydney Herald recommending the formation of an
Australasian Association. (And here | would mention
a minor error in Dr. Moyall’s text: meroblastic means
segmentation of part of the egg, as in a bird—not
‘soft-shelled’.)

It should be mentioned again that Dr. Moyall is not
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concerned—at least in this book—with the
historian’s game of categorisation. She takes a series of
topics including botany, zoology, geology, evolution,
scientific societies and universities and, by appropriate
choice of extracts from contemporary writing, has
permitted certain pioneers of Australian science to
communicate directly with the reader.

This book should be on the shelf of every person
with an interest in Australian natural history and in
every High School library. Bearing in mind the short
life in print of most contemporary books. It would
be wise to buy your copy now.—Ronald Strahan,
Research Fellow, The Australian Museum.

THE VOYAGE TO MAREGE: MACASSAN TRE-
PANGERS IN NORTHERN AUSTRALIA, by C.C.
Macknight, Melbourne University Press, 1976; 175

pages; illustrated; $20.00.

n February 1803 Matthew Flinders, while surveying
Ithe north coast of Australia, was much surprised to
encounter a large fleet of Macassan prahus installed
around the islands and bays of Arnhem Land. He
learned that such fleets visited northern Australia
annually from the Southern Celebes to collect and
process trepang, a holothurian or ‘sea cucumber’; this
was eventually traded to the Chinese, who much prized
It as a culinary delicacy. These annual visits continued
until the early years of the present century, but it has
only recently become clear from the fieldwork of such
anthropologists as W.L. Warner, A.P. Elkin, R.M. and
C.H. Berndt, D.J. Mulvaney, and |.M. Crawford, that
contact with Indonesia had a profound effect on
Aboriginal technology, linguistics, ritual, mythology,
and social life over considerable areas of northern and
northwestern Australia.

Detailed investigation of this intriguing situation
was not undertaken until the author of this book made
It the subject of nearly 10 years of research for his
doctoral thesis. The Voyage to Marege (the Macassan
name for northern Australia) is a distillation of the
results of this research but, unlike most adaptations
of theses for publication, it is written in a lucid and
coherent manner that entices the reader with all the
allure of a good detective story. This is probably due
to the fact that Macknight is first and foremost a

historian and only uses the techniques of other dis-
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ciplines such as archaeology and social anthropology
as support systems to his main theme.

In his reconstruction of events, processes, and
human relations, Macknight employed ethnographic
reconstruction from published and unpublished docu-
ments, study of accounts of early contacts after
British settlement in Australia, scientific excavation
of Macassan sites on the north coast, and interviews
with old Aborigines and Macassans who remembered
the actuality of the last voyages. From all of this it
becomes clear that the contact was far from superficial.
Apart from their introduction to such catalytic items
as iron, dugout canoes, alcohol and tobacco, Aborigines
were exposed to prolonged periods of acculturation;
not only did large numbers of them assist each year in
trepanging operations and loaned their women to the
all-male prahu crews (whether willingly or perforce),
but both Aboriginal men and women quite frequently
accompanied the Macassans on their return voyages to
stay for a season on Sulawesi.

The question of how long this contact had existed
before 1800 is still a matter for controversy. Macknight,
although he obtained carbon dates of the order of
500-800 BP from several Macassan sites in Arnhem
Land, dismisses them as aberrant and opts for a duration
of no more than 150 years, mainly because the trade
in trepang from Southeast Asia to China did not
commence until late in the seventeenth century.
However, trepang was not the only product sought by
the Macassans, though it was the main one; they also
took away pearlshell, pearls, and turtleshell. Nor were
they the only Indonesian visitors to northern Australia,
since it is on record that boats came also from Sumba
and Timor. The cumulative evidence of archaeology,
ethnography, linguistics, and genetics would seem to
point strongly to a contact of considerably longer
duration than merely a century or two.

Whether or not one agrees with all of Macknight's
conclusions does not affect the status of his work,
since he presents all the relevant evidence in this
carefully researched and well illustrated book. It must
certainly be classified as essential reading for anyone
interested in Australian history, prehistory, and
ethnography.

When this reviewer visited Southern Sulawesi in
1972 during a museum collecting trip, everywhere he
was asked “Do you know Campbell Macknight?’" And
when the reply was in the affirmative, the invariable
comment “He is a very good man"’. It is through cross-
cultural personal relationships of such quality that the
minutiae of ethno-history are gradually elicited and
brought together into a meaningful whole. Precisely
because Macknight's approach is basically a humanistic
one, he is able to carry the reader eagerly along with
him through all the fascinating intricacies of his

research—David Moore, Curator of Anthropology,
The Australian Museum.
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two praus and trepang

boilers under a tamarind tree,

by Madaman. It depicts a site at

_ Baramuda in Melville Bay. The black
figures are Aborigines, the other Macassans.

The background designs belong to the Riradjingu.
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Above: Macassan praus watering at Sims
Island 1818. Water-colour sketch by P.P. King

Below: ‘View of Copeland Island in
Mountnorris Bay, Interview with Malay ﬂget'
Water-colour by H.M.C. Mermaid’s captain P. P. King.
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Special exhibitions and activities include

Travelling exhibition - 'Man - A Peculiar Primate’

of Museum Train: the History of the Museum: Conservation of
Fauna; Aborigines Now: Music at the Museum; Arid Zones
Gallew opens, Ethnic dancing in Hyde Park: Dlscn:_wérerﬁ‘ Pageant
Special TAMS activities,  Australian Institute of Phutmira;:hf

Exhibition:  Film evenings, Scientific symposia: Children’s
collections on exhibition.

commencement

for dates contact your local Tourist Information Centre

Catch a Train to Our 150th Birthday Party
— 1t lasts all year

No parking problems when you go
by train or bus to the Museum. Just
a short walk through Hyde Park.
Save on fares, use ‘Family Fare’ or
raill “Minifare’.
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