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THE WEDGE-TAILED EAGLE 
B) M. G. RIDPATH 

CSIRO, Dhi ion of Wildlife Research, Helena Valley. Western Australia 

BECAUSE they are big and because they 
a re carnivores, eagle have a lways 

excited ma n's admira tio n- a nd his a la rm . 
The eagle was supposed to embody some 
martia l q uality which made it a fit emblem 
for the R o man legions who conquered o ur 
ancestors ; and o ur a ncestors were convinced 
tha t, like the legionaries, the eagle was a 
threa t, killing their la mbs a nd even thei r 
babies, so they have eli mina ted it fro m most 
of Europe. 

An eagle feeding o n a rotten ' roo carcass 
o n the road is not a noble sight , no r does 
its o bvio us avoida nce of ma n suggest da ring. 
But wha tever its image, the Wedge-tai led 
Eagle (Aquila audax) does pose stimulating 
problems in ecology. 

Carnivore , including eagles, have to re ly 
for life o n suffic ient num bers o f the right size 
o f prey being availa ble to them. Even 
tho ugh they may have a wide ra nge of diet, 
they a re still at the mercy of the fluctuatio ns 
of the density o f their prey, caused by the 
e rra tic climate of most of the continent. 
Their young take severa l years to beco me 
mature and during this period probably face 
these danger even mo re acutely beca use of 
inexperience. 

The Wedge-tailed Eagle occurs througho ut 
Austra lia a nd T asmania a nd extend s a fa r 
north as so uthern New Gui nea. So far, 
measurement of popu la tio ns have never 
been made. so we do not know how its 
density may \ary be tween different habita ts. 

o r d o we kno w whether popula tio ns a re 
generally consta nt in density, declining, o r 
increasing. On the other ha nd, o fficia l 
records of bo unties pa id in so me Sta tes show 
tha t quite large numbers have been ki lled 
each year. T hey have often amo unted to 
o me th o u ands. This is beca use of a wide

spread belief tha t eagles take newly-born 
lambs. Fo r this reason, the Wedge-ta iled 
Eagle has no lega l protec tio n in some o r a ll 
a reas of every State, except Tasmania , where 
it is full y protected thro ughout. At the sa me 
time, the decline o f the closely rela ted G olden 
Eagle (Aquila chrysactos) in Euro pe and 

orth America, a lso accused of killing lambs, 
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A Wedge-tailed Eagle chick, a few days old . 

gives food for tho ught. The to ta l o rth 
American popula tio n is reliably estima ted to 
stand now between 8.000 and I 0,000, a 
figu te which in some years has been exceed ed 
by the kill of Wedge-ta iled Eagle in Aus
tra lia in I year a lo ne! Of course. the 
introducti o n of the ra bbi t and the great 
increase of ca rrion , due to open-ra nge sheep 
a nd cattle grazing a nd kanga roo shooting, 
may have increased the eagle popula tion. 
W hether these facto rs o ffset the e ffects of this 
destruc tio n of Wedge-ta iled Eagles ca nnot be 
decided witho ut many more facts. 

Investigation in Western Australia 

An investiga tio n into the ecology and 
econo mic sta tus of the Wedge-tailed Eagle 
by the Divisio n o f Wildli fe Resea rch, 
CS LRO, has been in progress for 2 yea rs. 
l t is taking place in the pastoral zone of 
Western Austra lia , where complaint agai nst 
eagle have o ften been made. The country 
is semi-a rid wi th a very variable rai nfa ll , 
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An unusual ly low Wedge-tailed Eagle's nest in a Mya ll tree o n the western fringe of the 
Plain, Western Aust ralia . 

o there a re great yearly van attons in vege
ta tion upo n which most of the eagle's prey 
re lies. The eagle popula tions in two e p
ara te a rea a re being s tudied . One is near 
Rawlinna. about 250 miles east o f Ka lgoorlie 
a nd adjacent to the western limits of the 

ullabor Plain. l t has a mea n a nnual 
rainfall of 7 inches. The vegeta tio n con i t 
of low M ulga (A cacia aneura) c rub. giving 
way to open grassy pla in with cat te red 
M yal l (A. so1rdeni ). The study a rea con i ts 
of 370 quare mile astr ide the bo unda ry 
between the grazing country a nd the 
unoccupied pla in, a nd includes some o f each. 
The second area consists o f 250 squa re miles 
near Ca rna rvon a t the mo uth of the G a coyne 
Ri ver, 600 miles no rth of Pe rth . l t has a n 
8~-i nch annua l ra infal l. The princ ipa l tree 
is the low Snakewood (A. eremea). Both 
areas a re very Oa t and gene ra lly open. 

T he two study a rea a re 900 mile a pa rt 
and ha\e a number o f differences. Rawli nna 
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is a bout 500 mile south of Carnarvon's 
lat itude, a nd i inla nd instead of coastal. 
Whereas the R awlinna a rea has o nly recen tly 
been exploited fo r grazing sheep and i righ t 
o n the ma rgin of the pa tora l country. 
Carnarvon is in the lo ng-e ta bli hed. a nd 
often 0\ergrazed. pa toral regio n of the 
G a coyne. Ano ther impo rtant ecological 
differe nce is that the ra bbit is abunda nt in 
the Rawlinna a rea. but scarce a t Carnanon, 
which lies close to its northern limit in 
Western Austra lia. l t is hoped tha t re ult 
from these two a reas wi ll g ive o me pict ure 
of the eagle' ecology. a nd a lso indica te a ny 
difference due to d iffering situa tion. 

The main objective a re to inve tiga te the 
eagle's move ments, breeding, den ity, lo nge
vi ty, and food , including predatio n on lamb . 

Exten ive earch 
Becau e it i a large predator, the Wedge

tai led Eagle i o me\\ hat sparse on the gro und 
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by comparison with maller species of birds. 
As a result , the two study a reas have had 
to be extensive. a nd sea rching them has to be 
correspo ndingly exten ive a nd lengthy. The 
breeding season normall )" sta rts in July at 
Rawlinna, and fro m then o nwards the a rea 
is searched in a la ndrover. An o bserver 
look ing for ne ts sits in a ho le in the roof of 
the vehicle, which moves a t a s teady 10 m.p.h. 
in a stra ight line, I 0 miles long. lt has been 
fo und that the observer can see a n eagle's 
nest up to (a nd often beyond) 0·4 mile o n 
eithe r side; therefo re the tra nsects a re 
repea ted pa ra llel to each other every 0 ·8 mile. 
The vehic le is dri ven o n an exact compass 
course, the ame for a ll tra nsects, which 

A Wed ge-ta iled Eagle"s nest being examined near 
Carnarvon, Western A ustralia. 
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avoid d ivergence o r convergence, thus 
en uring the lines a re truly pa ra llel. Thi 
give fu ll coverage. Iro n cha in, 50 feet long 
and weighing It cwt, is dragged behind the 
vehicle, ca using a score mark which can be 
fo ll owed on subsequent runs, a the country 
has few fea ture . 

This system ensures tha t a ll the nests are 
fo und, a nd the ir positio ns a re recorded and 
plo tted o n a map. They a re tagged with a 
num bered a luminium strip (cro ws removed 
even thick a luminium foil , used fi rst), the 
content a re no ted , chicks a re ba nded if 
present, and a sea rch is made benea th the 
nest to collect food remains. T he la tter a re 
identified la ter by compa rison with a reference 
collectio n in the labo ra to ry. 

Fo rty-nine occupied ne ts and 180 old 
nests have been fo und during the firs t two 
breeding seasons. The no rmal cl utch is two 
eggs. Single eggs a re la id occasionally, but 
so fa r o nl y one clutch of three has been found . 
The breeding season is norma lly between J uly 
a nd ovember, but o ne pair was found 
b reeding a t Rawlinna in Ma rch, a long with 
sixteen other species of birds, 2 months afte r 
heavy cyclo nic summer ra ins. Even the 
Wedge-ta iled Eagle canno t be excluded as a 
po tentia lly o pportunistic breede r in semi-a rid 
country. 

Analysi of prey in nests 

Ana ly is of the remains of prey fro m the 
occupied a nd o ld nests shows tha t rabbits 
a re very extensively ea ten a t Rawlinna, a ll 
nest having some remains of rabbit and most 
having nothing e l e. Abo ut o ne in ten nests 
a lso had remain s of birds or reptiles. At 
Carna rvo n, on the o ther hand, the food 
taken was much more varied . Less tha n a 
thi rd of the nests had rabbit ; t hree-quarte rs 
of the ne ts had Red Ka ngaroo ( M egaleia 
rufa) or Eu ro ( M acropus robustus) remains 
(mainly joeys) and three-quarters had bird 
remai ns, ma inly C rows (Corvus species) with 
occasio na l G ala hs ( Cacatua roseicapi/la) and 
T awny Frogmo uth s (Podargus strigoides), and 
even a Brown Quail (Synoicus ypsilophorus) 
a nd a Diamo nd Dove (Geope/ia cuneata); 
two-thirds of the nest5 had remains of reptiles, 
especia lly Shingle-backs (Trachysaurus 
rugosus) a nd even quite small species o nly 
5 inches lo ng: and ha lf the nests had the 
remains o f fox (V. l•ttlpes) o r feral cat. 
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A Wedge-lailed Eagle's 
nesl, wilh chicks. in a 

dead M)all lree. 

A few lamb remain were fo und, but so fa r 
it ha not been possible to dis tinguish between 
tke remains of moribund o r weakl ing lambs 
and tho e of hea lthy ones. It is not 
surpri ing tha t so me lamb are taken by 
Wedge-tailed Eagle sometimes. These birds 
a re llOt o nly kn"Own to take joeys but have 
occasiona lly been recorded hunting ad ult Red 
and Grey Ka nga roo (M aCJ·opus giganteus ) 
by s triking a t the head and neck with their 
ta lo ns. During the present investiga tio n 
they have been seen pursuing adult Euros in 
a s im ilar way in the Ha mersley Ra nges. The 
critical measurements concerning lamb-killing 
a re its actual frequency and the cond ition of 
the lambs ta ken ; wo rk o n both aspects is 
in progress. 

Banding 

Seventy-o ne eagles have been banded in the 
two study a reas. Most have been banded as 
ne tlings, but it ha a lso been possible to 
trap grown eagles in simple cage traps for 
ba nding. R ecoveries to date suggest 
dispersal a nd subsequent wandering by the 
young a fter leaving the nest (up to 300 miles). 
It i possible to dist inguish age, to o me 
extent, by plumage, on the ba is o f cha nges 
o bserved O\er 4 year in three ca ptive eagles 
taken from the ne t. Thei r pl umage darkens 
progressively. but even at 4 years of age has 
no t reached the dark colour of most o f th ose 
seen breeding. On the o ther hand , paler 
eagle can - be ob erved, paired but 
concentrated in no n- breeding fl ocks during 
the breeding ea o n . The e younger bi rds 
may be rather mobile before they reach the 
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age of breeding. They tend to concentra te 
o n any easil y avai la ble food source, 
pa rticularly carrion . One flock of eighteen 
was counted nea1 Rawl inna. 

Knowing the to ta l area sea rched and the 
to tal number o f occu pied nests fo und, it i 
possible to calculate the density of breeding 
adults in the different a reas. Resul ts to date 
suggest that a t R awli nna the adult density i 
grea ter in the u ncccupied portion than in the 
grazed portion of the study area, though thi 
requires confirmation. Attempts a re being 
made to measure the major food supply, the 
rabbit, in bo th port io ns. The co mparat ively 
high density of 16 squa re mile per pair of 
adults in the unoccupied portion a t Rawlinna, 
where the diet i ma inly rabbi t, raises the 
questio n of the s ituat ion before the 
introductio n of the rabbit. Unless it can be 
sho wn that the rabbit ref)laced a n equally 
a bundan t a nd imila r- ized di urna l na ti ve 
ma mmal, it would seem likely t ha t the 
introd uctio n of the rabbit has increased the 
eagle popu la tio n in such areas. It cer ta inly 
is the mainstay of their presence today. 

(The photos in this article are by Paule 
Ridpath.] 
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The high tops. 

ABOVE THE TREE LINE 
By THISTLE Y. HARRIS 

Vice-President of the Wildlife P reservat ion Society of Australia 

TRA VE LLI G across the breadth of the 
Austra lian continent, o ne is impressed 

with the gradually diminishing height and the 
cha nge in fo rm o f the ta ll , erect coastal trees 
to the twisted mallee sh rubs fu rther inland , 
until one finds oneself o n a fla t pla in 
vegetated solely by hummocky patches of 
saltbush a nd bluebush, except along the 
waterways (often undergro und) where the 
River Red Gum (Eucalyptus camaldulensis), 
the o ne tree that spa ns the continent, persists. 
Here increasing aridity is a lmost entirely 
responsible fo r the cha nging scene. 

Ascending fro m sea-level to the highest 
a ltitudes tha t Austra lia boasts, a rather 
simila r a nd equally drama tic cha nge occurs, 
e pecia lly no table a t a ltitudes of fro m 4,000 
feet upwards. Here a single tree species, the 
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Snow Gum (Eucalyptus nipl10phila), 
d o mina te ; extending to the highes t levels 
o f the subalpine zone at 6,000 feet, it 
diminishes in height with inc rease in alt itude, 
and hows, by its increasingly gnarled a nd 
twisted fo rm, the rigours of the cl ima te. 
From this po int to the summit of the peaks 
on the mainland, at a little over 7,000 feet, 
no ta ll plants can survive a nd the vegeta tion 
of these high moor consists entirely of 
associations o f low-growing shrubs and herbs. 

The extent of the high moors 
The true a lpine zone of Austra lia- from 

6,000 feet to a litt le over 7, I 00 feet on the 
mainla nd- occupies o me 2,000 square miles, 
of which about I ,000 square mile a re in 
southeast ew South Wales, about 140 in the 
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Austra lian Ca pita l Territo ry, and a bo ut 870 
in the Victoria n Alps. In Tasma nia, where 
the highest pea k is o nly a little over 5, I 00 
feet, the mo re so uthern la titude permits o f 
a simila r type o f vegeta tion a t a litt le over 
3,000 fee t, a nd this occurs in a number o f 
a reas scatte red O\er the island , to ta lling a bo ut 
2,500 qua re mile . 

The high-moor vegeta tio n of the mainla nd 
a ppears to ha\e been isolated in the first 
insta nce by the Tertia ry peneplana tio n 
(a bo ut 60 millio n yea rs ago) of the Ko ciusko 
a rea, pa rt o f the great upl ift a ffecting the 
majo r po rtio n of the east coast o f the 
continent. The surface of this a nc ient pla in 
may still be recognized by the strikingly 
even skyline and the e levated pla tea ux 
dissected by wate rways cutting deep gorges, 
especia lly a lo ng the ma ny fa ult which were 
formed during thi period of disturba nce. In 
Pleis tocene times three period o f glacia tio n 
(occurring from I millio n to 10,000 years ago 
a nd sepa ra ted by a period o f recessio n in the 
middle Pleistoccne) were fo llowed by drie r 
conditio ns in early recent time , with a 
gradua l a meli ora tio n o f clima te up to the 
p resent day. The exist ing assemblage of 
pla nts occup)' ing the high moor may be 
regarded as the re idua ls o f a flo ra which, in 

Snow G um (Cucalyptus nip/tophi/a) reachc it 
limit at a n a lt itude of about 6,000 feet. 
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Increase in Price 
of M agazine 

As from 1he issue of Decem ber, 1969, 
1he price of A ustra lian a tura l Hi tory 
ll'i/1 be increased to 50c a copy (55c 
pos1ed). The subscrip lion rOle ll'i/1 
!here.fore be $2.20 a year, pos1ed . 

This is 1he first increase in price since 
March, 196 1, despite 1he fac l 1ha1 1he 
cos! of produclion of 1he maga=ine has 
almost doubled in the last 6 )'ears. The 
Trus1ees of !he Aus1ralian M useum now 
find i f impossible 10 pos1pone a price 
increase any longer. 

The nell' subscriplion rOle ll'i/1 apply 
to all nell' subscriptions and renell'als of 
subscriplions recei1•ed after 301h 
September, 1969. 

Plei tocene times, extended to much lower 
a ltitudes, a nd this, no do ubt , accounts for 
the pockets of wha t may be regarded as true 
a lpine pecie a t suba lpine a nd mo ntane 
eleva tio ns. 

A specialized flora 

Present clima te a nd pa t hi tory a re 
together respo nsible fo r this ra ther pccia lized 
a lpine flo ra . 

Low a tmospheric pressure accelerates 
eva po ra ti o n in summer : winds a re high and 
frequ ent in both summer a nd winter a nd, 
with no efTective windbreaks, plants a re 
crue lly expo ed to these. On the o ther hand, 
precipita tio n i high-70 to 100 inches and 
130 to 180 rainy d ays a year. Additio na l 
ultraviole t light , snow reflec tio n, a nd exposed 
light-colo ured rock provide a high light 
in tensity. High tempera ture ranges a re 
commo n, no t only from ea o n to eason, 
but within very limited period s; it is not 
uncommo n in these parts for a ingle ummer 
d ay to range in temperature from 32 to 80° F 
or even higher. Days a re very long in 
summer a nd very short in winter. These 
factor together gi\e a set of clima tic con
dit ions exi ting nowhere else in Austra lia. 
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Lake Lilla, Tasmania, with the slo pes of Cradle 
Mountain rising to over 4.000 feet. 

Plant adaptations 
In addition to the peculiar cl imatic factors, 

soil conditions in the a lpine areas play a n 
important part in controll ing plant growth . 
Low water ava ilabi lity is comml!m; this may 
be due to a high acid content , to intense cold 
in the depressed a reas, or to dry and shall ow 
soils o n the exposed pla teaux. H owever, the 
nature of the pa rent rock, and hence the 
derived soil, appears to have little effect o n 
the vegetation in co mpariso n with climate 
a nd water availability. 

Plants show varying types o f adaptatio n 
to these remarkable conditions. Because the 
gro und is covered with no w for at lea t 
I mo nth continuously per yea r, and o ften 
lo nger, herbs with definite periods o f peren
nation are common. These remain below 
the soil a nd benea th a blanket of snow in the 
form of undergro und stems of varying kinds 
which commence active growth often long 
befo re the snow has melted. Rapid develo p
ment during the pe riod o f wa rmer weather 
enables such pla nts to reach maturity and 
flower usua lly a t the height o f the summer. 
Woody pla nt o f the a rea, be ides adopting 
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perennation meth od of eed production. 
show marked ada pta tio n in the fo rm and 
na ture o f their ae ria l growth. a nism 
(dwa rfing), tussock fo rmation, a nd rock
clinging ha bits provide o bvious pro tection 
fro m the effect o f wind, cold and changi ng 
tempera tures; e ricoid (heath-like), lea thery, 
piny. a nd woolly leaves, common o n these 

plan t , a lso provide o me protectio n again t 
these, as well as reducing water lo s. 

The range of plant familjes 
The high moor contain a ra nge of pla nt 

famili es differing considerably fro m those 
which dominate the coastal and inland flo ras 
of this continent. The Acacia (wattle ), 
family Mimo aceae, of which some 600 
species are reco rded for Austra lia, a re 
repre ented here by a single specie , Acacia 
alpina; their close rela tives the pea fl owers, 
fa mily Papilio naceae, a feature e l ewhere, 
consist o f a mere ha ndful. The myrtles 
(family M y rtaceae), which, a lo ng with the 
eucalypts, form o ne o f the do minant fami lie 
of the coast and of the a reas immedia tely 
below the a lpine zone, have very few represen
ta ti ves o n the high moors. The fa mily 
Proteaceae, which i common thro ughout 
Australia and which includes the wa rata h, 
has o nly some half-dozen species a bove the 
tree line, while the mint bushes (family 
Labiatae) have only o ne (on the mainland), 
and the boronia fami ly, Rutaceae, only a 
few . 

On the other hand, the monocotyledons, 
especia lly the orchids, are fairly well 
represented, whi le a number of other fa milies, 
sparsely represented in other pa rts of 
Austra lia , are abundant here. Amo ng these 
a re the buttercups (family Ranunculaceae), 
with a lmost a dozen species, and these very 
abundant ; the snapdragon fam ily, Scro 
phulariaceae, with a number of genera, 
many of them sma ll and insignifica nt , but 
including the wide pread and beautiful 
eyebright, Euprasia, with several specie ; the 
pa rsley family, Umbelliferae, with some 
conspicuous species, such a Aciphylla 
glacia/is, and a number of less conspicuous 
members ; the gentian family, Gentianaceae, 
missing e lsewhere in Austra lia and 
represented only by a solitary species, 
Gentianella diemensis, but this in great 
abundance ; and the rose fami ly, Ro aceae. 
The family Rubiaceae and the pimeleas 
(family Thymeleaceae). a lso fo und elsewhere 
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in Australia, make themselves more apparent 
on the high moors both by n um ber of species 
a nd abu ndance. Two fami lies are common 
both a t this level and elsewhere in A ustra lia
the hea th family, Epacridaceae, a nd the d aisy 
and daisy-bush fam ily, Compositae. The 
latter, while commen in many habitats, 
part icularly of inland and Western Australia, 
are a marked fea ture of alpine a rea and 
include a few endemic genera , such as 
Ewartia and Celmisia. In Tasmania severa l 
species of Epacridaceae a re restr icted to 
alpine areas. 

Alpine communities 
The flora of the high moors fa lls into a 

num ber of fairly well defi ned communi ties, 
each with its domi nant species but with 
co nsiderable overlapping of the sub
dominants. 

T he a lp ine herbfields, rich in humus, 
occupy the s teep rocky faces, crevices, and 
ledges of the mountain slopes and p lateaux. 
r n the more protected parts the plants are 
ta ller and fo rm tall alpine herbfields. Severa l 
species of Snow Grass, mixed with Wallaby 
G rass, dominate in some parts, whi le in 
othe rs, particularly in the moister a reas, t he 

A lpine Pineapple (Astelia alpina and A. 
dsychocharis) form a silver carpet a few inches 
in height. Grea t sweeps of Sn ow D aisy 
(Celmisia longifolia) are common, whi le the 
magnificent, large, white-flowering buttercup 
( Ranunculus anemoneus) and several small 
yellow-flowering buttercup species make vivid 
patterns. Two species of a lpine fern s shelter 
among the many boulders. The low-growing 
white, yellow-centred everlasting Helipterum 
incanum, with a number of var iet ies, is a 
charming addition to this community. 

Jn Tasmania the tall herbfield is notable 
for its wide variety of colourful heaths with 
bright, gay fru its; these include specie 
of Ricl1ea, Leucopogon, Monotoca, and 
Trochocarpa. 

W here less protection IS offered the 
commun ity merges into a short alpine 
herbfield, with a carpet-like covering fed 
constantly by the waters of the melting 
snows. J n the wetter patches a re low
growing buttercups, the small white-flowering 
Brachycome stononifera, Montia australasica 
and a host of other mat plants. Jn the pools 
of the swift-fl owi ng streams will be fo und the 
ma rsh marigold (Caltha intraloba) a nd the 
insectivoro us Drosera arcturi. In T asmania 

Alpine herbfield on the shore of the Blue Lake, Mount Kosciusko. 
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this is the home of the cushion bushes of five 
species within three genera. These amazing 
plants form continuo us hummocks, often 
several feet in diameter, over the constantly 
wet moors, a nd o ne may pick o ne's way 
dry-shod without harm to these resilient 
plants. In some species the fo liage is 
bri llia nt green, in others a soft sage-green , 
a nd they form a pleasing pattern as they 
intermingle. Other low-growing plants of 
this herbfield com mon to both Tasmania a nd 
the ma inla nd include the Sky Lily 
(Herporlirion novae ::eelandiae), the cha rming 
li ttle M ountain Gentian (Gentianella 
diemensis), and Stackhousia pulvinaris, a 
completel:y prostra te, yellow-flowering plant 
which betrays its presence by its delightful 
a nd penetrating perfume. 

Fens and bogs 
These are a feature of alpine areas. Fens 

occur o n wet, level, or gent ly slo ping stretches, 
often alo ng permanent waterways o r where 
water lies fo r the greater part of the year. 
The accumulated peat ma kes a boggy, 
poorly aerated soil , suppo rting a vegetation 
rich in sedges, rushes, tussocky grasses, 
water millfoil , bull rushes, and a number of 
species of ground orchids. T he mat-like 
ewartias, sometimes called Austra lia n 
edelweiss, with their soft fo liage, love the 
fens. The only Austra lian a nemo ne, A. 
crassifolia, is found in Tasma nian fens. 

Bogs occur o n constantly wet, often 
irregula r, slo pes, a nd suppo rt a richer 
vegeta tio n than the fens. Spaghnum moss is 
a feature of them. Trigger plants (Stylidium 
graminifolium) and species of Epilobium a re 
commo n. In Tasmania vast stretches of bog 
are ta ken over by the fern Gleichenia dicarpa. 

Fjaeldmark and heathlands 
This is a windswept community usually 

drier than any of the preceding communities 
a nd consisting of dwarf fl owering plan ts, with 
mosses a nd lichens. While most of the 
inhabitants a re sma ll, erect pla nts, rosette 
a nd mat fo rming plants a lso occur. Veronica 
densifolia a nd ewartias spread themselves 
over the rocks, while epacrids, Linum 
margina/e, Bossiaea fo /iosa, and Boronia 
a/gida a re prominent in mai nl and fjaeldmark. 

Heathla nds occupy the rocky banks of 
watercourses, the shelter o f rocky o utcro ps, 
glacial moraines, a nd other protected parts. 
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They have a denser coverage of vegetation 
than the fjaeldma rk a nd are occupied mainly 
by small erect shrubs a nd rock-clinging 
species. Alpine Mint Bush (Prostanthera 
cuneata) makes a lovely show; the alpine 
pine Podocaropus lawrencei clambers over the 
rocks ; pimeleas and o ne o r two species of 
phebalium are commo n. I n Tasmania 
Boronia rhomboidea a nd B. citriodora often 
occur in heath la nds in considerable stands. 

The need for conservation 
Alpine areas in Austra lia occupy o nly a 

very sma ll percentage of the tota l a rea 
~0·1 per cent of the main la nd, 10 per cent of 
Tasman ia), but they are rich in endem ic 
species a nd, therefore, a re o f great scientific 
interest. They a re a lso very beautiful. 
(One does not easily forget a good fl owering 
summer o n Mo unt Kosciusko or the Bogong 
High Plains, or the midsummer brilliance o f 
the wide sweeps of Cradle Mountain. ) They 
have withstood the ravages of the most 
severe climate this country has ever known; 
it is hoped that they will be equal ly successful 
agai nst the ravages of man. 

In the past, fire a nd grazing have been 
their chief enemies from civilizatio n. At the 
present time these dangers have been partially 
removed , a lthough the grazing interests still 
look greedily to the summer pastures. An 
additio nal threat is the increasing to urist 
a ttraction of the high country and, with an 
increasing population rapidly gaining 
increased le isure, this is an accelera ting 
threat. Jt is not easy to tramp the high 
moors with out trampling down the vulnerable 
low-growing plants. Austral ians must be 
increasingly aware of the responsibi li ty of 
retaining this interesting and beautiful 
heritage. 

[Photos by the author.] 
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ANCIENT FISH OF AUSTRALIA 
By ALEXA ' DER RITC HI E 

Curator of Fossils, Austra lian Museum 

T H E Devonian period , which la ted from 
around 400 to 350 millio n year ago, is 

often referred to as " the Age of Fishes" 
because it wa a time of unprecedented 
di versifica tio n a nd experimenta tio n a mo ng 
the wate r- living vertebra tes which we con
veniently gro up as " fi h". Simple, 
a rmoured, fi h-like c reatures lacki ng jaws 
had lo ng been in existence prior to the 
Devonian, a i hown by the fact tha t thei r 
fragmentary remai ns occur in the Midd le 
Ordovicia n rock of Colorado, U.S.A ., de
posited some 480 million year ago. A 
wide range of these a rm oured jaw le "fish·· 
o r ostracoderms has a lso been co llected 
from Siluria n sediments o f 450- 400 million 
years ago in orth America, Europe, and 
Asia, but to da te o nly a few isola ted scales 
of these primitive forms have been d iscovered 
in Austra lian Silu ria n deposits. Fish with 
well-develo ped jaws, making po sible the 
capture, ma nipula tio n , and chewing of 
la rger food particles. first appear in some 
a bundance in early Devonia n times. As 
most o f the impo rtant gro ups of fi sh a re 
present a nd clearly-differentia ted in Lo wer 
Devonian sediments it wo uld seem proba ble 
tha t they o riginated and d iverged during the 
preced ing Silurian Perio d , but the fossil 
record is inadequa te on this aspect. The 
only gna thostomes (fish with jaw ) definite ly 
known fro m pre-Devonia n sediment a re the 
spiny-finned acanthodians, which range fro m 
Upper Siluria n to Permian times. 

Also commonly fou nd in Devonian 
sediments a re the heavily a rmoured 
Placodermi (a ntiarchs and arthrodires), a nd 
mo re highly develo ped bony fi sh o r 
O steichthye including the ray-finned Actino
pterygii (palaeoni cids) and fie hy-fi nned 
Sarcopterygii (lungfish, coelacanth , a nd 
rhipidist ia ns). The Cho ndrichth yes o r carti
laginous fi h (sha rks, rays, etc.) a ppear 
ra ther la te r in the Devonian a nd, u nlike the 
o thers, a re not well represented in Au tra lia n 
Devonia n edimen ts. 

T he evolutionary histo ry of fi h during 
D evonian t ime i now known in considerable 
deta il. but mo t of o ur information ha 
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Figure I.- Distribution of Devonian rocks in 
Australia. The solid areas indicate surface 
outcrops, the st ippled areas indicate where 
De,onian rocks have been pro,ed at depth b) 

drilling. 

come fro m a few highly produc ti ve a reas 
in the o rthern Hemisphere which have lo ng 
been known a nd studied. In consequence, 
ma ny in titutions have pecial ized in 
vertebra te palaeonto logica l tudies, and 
tech nique of preparation have been 
develo ped to a fine a rt. It i to be expected 
that the most important fu ture di coveries 
a re mo re like ly to be made in the less 
intensively explo red and mapped regions o f 
the continenta l masses. In fact, duri ng the 
las t decade o me of the richest fi nds have 
come fro m Arctic Canada, A iat ic R ussia, 
China, A u tra lia, a nd Antarctica. 

Re urgenee of intere t 
Despite the size of Au tralia and the a rea 

covered by Devonian sediment (fig. I) 
surprisingly few specimens of fossil fish have 
been recorded , a nd many of the e consist of 
fragmenta ry remains or single specimens. 
Professor E. S. Hills has summarized (1958) 
Devonia n fi h d i coveries up to the mid -
1950's, ma ny of which he him elf had 
described. Since that time there has been a 
resurgence of interest in A u tral ian Devonian 
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vertebrates which has resu lted in the discovery 
of rich fi sh-bearing sediments in va rio us parts 
o f the continent, a nd la rge collectio ns are 
c urrently being prepared and studied bo th 
in Austra lia and in Brita in. 

When H ills wrote (I 958) the oldest known 
Austra lian vertebra tes occurred in the ma rine 
M iddle D evonia n limestones o f southern 
New South Wales and Victoria . M o re 
recently, however, Professor J . W . Wa rren, 
Monash University, Vic toria, a nd D r J . A. 
T alent have recovered fragmentary bo nes a nd 
teeth o f c rossopterygian fish (coelacanths 
and rhipidistians) from calcareous nodules of 
Lower D evonia n age fro m near Buchan , 
Victoria. The Middle Devonia n limestones 
of Buchan (Vic to ria) a nd Taemas (New South 
Wales) have yie lded a variety of placoderms 
known as a rthrodires, characterized by a 
movable joi nt between the head and trunk 
a rmo ur shields. Several have been described 
by White ( 1952) and others, but a con
siderable quant ity of addi tio na l material was 
collected along the Murrumbidgee by 
Mr H . A . T oombs, of the British Museum 
(Natural Histo ry) , in 1954. Preparation of 
this material , involving careful removal of 
the limestone matrix by dil ute acids, is now 
nearing complet ion in the British Museum 
a nd the materia l will be described by Dr E. I. 
White, fo rmerly Keeper of Palaeontology a t 
the British Museum (Natura l History). 

Fish remains of und oubted Upper 
Devonian age occur at numerous loca lities 
thro ugho ut eastern Austra lia, genera lly 
consisting of fragmentary remains of placo
derms, notably the antiarch Bothriolepis and 
the a berrant a rthrodire Phy llolepis. Both 
occur a lso in the late Upper Devo nian o f 

o rth America and Eurasia, a nd Bothriolepis 
has been recorded from Antarc tica. 
Altho ugh the majority of the localities 
(Taggerty and Mansfield , Victoria; Hervey's 
R ange a nd Forbes, N.S.W.) have prod uced 
on ly d isarticula ted or fragmentary plates, o ne 
site near Ca nowindra, N.S.W ., has provided 
us with numero us complete indi vid uals. In 
1956 roadworking opera t io ns uncovered a 
magnificent slab of Devonian sandsto ne the 
entire surface of which was covered with the 
impressions of well-preserved fish. With o ne 
exception the fish are antiarch placoderms, 
mainly of the genus Bothriolepis. Since the 
bone has weathered away the external 
impressio n or natural mo uld which rema ins 
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is so detai led tha t by means of a flexible 
cas ting materia l, such as rubber la tex or 
silicone rubbers, o ne can obtain perfect 
repl icas of the vanished a rmo ur. In places 
the fins and scale-covered trunks of the fish 
are a lso preserved as del icate impressions. 
T owards the centre of the sla b- which is on 
perma nent display in the H a ll of Fossils in 
the Austra lian Museum- there is a solita ry 
individua l of a rather la rge rhipidistian or 
fleshy-finned fish, the first comple te specimen 
of its kind ever to be discovered in Austra lia. 
This spectacular find will be described by 
Professor E. S. H ills, of Melbourne. 

S ignificance recognized 

Altho ugh most of the D evonian vertebrate 
discoveries have come from eastern Australia, 
fish remains had been reported from the 
Kimberleys in northwest Austra lia in the 
1940's, but it was not until Mr Toombs 
visited the area in I 963 that the full 
sign ificance of the fish-bearing deposits was 
recognized. The a rea around Fi tzroy 
Crossing had lo ng been famous for its well
exposed reef deposits o f Devonian age, in 
which a ll the vario us facies a nd environ ments 
can be recognized- ma in reef, fore reef, back 
reef lagoons and inte r- reef basins. These 
deposits have diffe rent suites of fossils related 
to the original enviro nment, and the inter
reef facies, in particula r, has yielded 
thousa nds of calcareous nodules containing 
either the skeleton or a rmour of a fish o r the 
exoskeleton of a bivalved crustacean. The 
fish can be accurately dated (from associated 
marine invertebra tes) as o f early Upper 
Devonian (or Frasnian) age. Mr Toombs 
a nd Western Austra lian Museu m scientists, 
collecting in 1963 a nd 1967, have shown 
that the Gogo Formation of the Kimberleys 
contains o ne of the richest and best-preserved 
assemblages of Devonian fish ever found. 
T he fine-grained calca reous nodules must be 
slowly etched away with di lute acids, as in 
the Murrumbidgee materia l ment io ned above, 
to reveal the enclosed skeletal remains. 
With skilful handl ing, entire headshields of 
these 350 million year o ld fish are being 
extracted fro m the rock. So perfect is the 
preservation that the clean a nd comparatively 
uncrushed bones reveal even the most 
minute details under microscopic exam ina
tion. Altho ugh the preparation and study of 
th is material will occupy a team o f specialists 
in Britain fo r yea rs to come, the nodules 
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Figure 2.-(a) Reconstruction of the headshield of a new genus of De,onian fish from the Mulga Down 
Group, north,,e tern cw South Wales (x five-sixths). T he solid lines arc groo,es for the sensory canals, 
the faint lines arc the boundaries o f individual plates forming the headshield. (b) An attempted 
reconstruction of the whole fish, in lateral view, with the unarmourcd part (not presencd) lightly shaded. 
(c) T he head and trunk armour of Lunaspis, a Lower Devonian pctalichthyid from Europe, in dorsal 'icw. 
(d) Phyllolepis, a specia lized flattened art hrodire from the Upper De, onian of orth America, Greenland, 

Europe, and Australia. The front and la teral margins of the head are unarmoured. 

which have been processed to da te have 
yielded a variety of placoderms (both 
a rthrodires and an tia rchs), actino pterygians 
and sarcopterygia n t lungfish, rhipidistians, 
a nd even a coelacanth). A proportio n of 
thi materia l will eventua lly be returned to 
Au tralia. 

Rich ediment in we tern N.S.W. 
On the o ther side of the continent rich 

fish-bea ring sediments have been discovered 
in the Devonia n of western .S.W. The 
initial discovery wa made by J . Spence in 
1956 no rthwest of Cobar a nd in J 960- 6 1 
Dr E. 0. Rayner and Mr H. 0 . Fletcher, then 
Cura to r of Fossils at the Austra lian Museum, 
co llected a considera ble qua ntity of dis
a rticulated placoderm remains from horizons 
towards the base of the Mulga Downs 
Formation. The Mulga Down Formation, 
a thick sequence of predo minantly andstone 
depo its la id down in fre hwater lakes and 
rivers, o utcrops intermittently over a very 
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large a rea both east and west of the River 
Darling. The underlying beds, the Amphi
theatre Group, are marine ed iments dated 
as lower Devonian by the brachio pods, 
mo lluscs, and trilobites which they co ntain. 
The fish remain provide the o nly real clue 
to the age of the Mulga D owns beds, a nd 
Dr T. Orvig. Stockholm , from photogra phs, 
provisionally identified an tiarchs and arthro
dires, some of which ap peared to be new. 
(Fletcher, 1964, pp. 285- 286). Man y of the 
plates bore a n orna menta tion characteristic 
o f a specialized arthrodire called Phy llolepis 
(fig. 2d) which occurs elsewhere in Austra lia 
a nd in Europe and Greenland in associa tion 
wi th the an tia rch Bothriolepis; these 
" phyllo lepid" plates ind icated a late Upper 
Devonian (or Famennian) age for the 
M ulga Downs Formation. Other frag
mentary fish remains were de cribed from the 
Mulga D owns Formation by Rade (1964) 
fro m Mt Jack Station, about 100 miles west 
o f the Du nlops R ange locali ties. R ade 
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identified the arthrodires Groenlandaspis. 
H olonema, and Plryl/o/epis a nd the 
acanth odia n Striacantlws, a n assemblage 
which appeared to confirm the la te Upper 
Devonian age suggested by Orvig. 

Jn Augu t , 1968, the writer, accom panied 
by M r K. Gregg, of the Austra lian Museum, 
began a n intensive search for fish remains in 
the a rea visited by Rayner and Fletcher
the Dunlops Ra nge- a nd recovered a la rge 
q uanti ty of rich, fi sh-bearing material, 
including numero us headshields and dis
a rticula ted trunk armour un its which must 
represent the rema ins of ma ny hundreds 
o f individual fish. With the exception of 
occasional acan thodian spines. most of 
the fo ils a re from placoderm fish, 
disarticulated , current-sorted and preserved 
as external impressio ns in the fi ne-gra ined 
sandsto ne . The a rth rodiran genera present 
a re a ll new to science, and most o f them are 
characterized by a ra ther lo ng a nd high 
trunk armour shield with prominent postero
laterally directed spines o n either side. This 
type of trunk armo ur is fo und in a gro up of 
a rth rodires called the a rcto lepids, which 
a re most a bunda nt in Lower Devonia n 
sediments, loca lly common in the Middle 
Devonian, and ra ther rare in the early Upper 
D evonian. The most abunda nt rema ins 
fro m a ll the fish-bed exposures in the Mulga 
Downs Forma tio n belo ng to a new genus of 
a rthro dire (fro nt cover and fig. 2a, b) whose 
plates have an o rna menta tio n superficia lly 
resembling tha t o f the late D evonian genus, 
Plry l/olepis. With much mo re comple te 
mate ria l tha n was avai lable to Orvig and 
R ade, it can now be shown that this form is 
so distinctive in ma ny fea tu res of the head 
a rmo ur, especia lly, tha t any rela tionship with 
Plryl/o/epis is a d istant one. The trunk 
a rmo ur is basica lly simila r to tha t of the 
a rctolepid a rth rodires a nd especia lly close 
to a fo rm kn own as Bryanto/epis from the 
L ower Devonian of orth America. While 
this mate ria l was being prepared and studied 
Miss J . Gilbert-To mlinso n, Federal Bureau 
of Mineral Resources, made avai la ble ( 1969) 
some fi sh remains collected by American 
Overseas Petroleum geologists to the east 
of M t Jack Statio n, the same genera l area 
where Rade o bta ined his materia l. A co m
parison of the Dun lops Ra nge and Mt Jack 
specimens revealed tha t both included the 
same new genera, and possibly even the 
same species, of a rthrodira n fish . 
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Additional localitie 

A second trip to the area in October, 1968, 
led first to the location of additio nal and 
very productive localities in the Dunl op 
Range and la ter to the discovery of a 
con iderable quantity of well-preserved fish
remain in the vicinity of Mt Jack. The latter 
corre pond to those described by Rade ( 1964) 
but are mo re complete, revea ling tha t his 
identificatio ns are incorrect a nd tha t the age 
deduced fro m them fo r the Mulga Downs 
Formatio n is a lso suspect. 

Figure 3.- Headshield of a small arctolepid 
a rthrodire from the Devonian Mulga Downs 
G roup of northwestern ew South Wales (x 2). 
Dorsal view, showing laterally di rected orbits and 
deeply incised groove for sensory canals. 
(For rccon truction of the trunk armour of the 

sa me genus, see fig. 4). 

One of the most spectacular finds was an 
enti re headsh ield (fro nt cover and fig . 2a) o f 
the new genus whose rema ins form the largest 
proportion o f the fossi ls. The small orbit 
a re la tera lly di rected a nd the armo ur displays 
a distinctive o rna men ta tio n of ridges towa rds 
the back and small tuberc les over the snout 
and sides. The changes in o rna menta tio n 
enable o ne to trace the junctions of the 
co mpo nent pla tes. M ost of these bony 
pla tes a re crossed by o ne o r mo re deepl y 
incised grooves which o nce ho used the 
sensory canals in the living anima l. Fo ur 
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pairs of these canals converge towards the 
back of the head and there a re long sinuo us 
branches running forwards beneath the o rbits 
and over the snout and cheek a reas. The 
la tter canals display a much mo re highly 
specialized condition tha n one normally finds 
in arthrodires. Despite the similarity of the 
trunk armour (fig. 2b) to that of the 
a rctolepid , the headshield is so di fferent tha t 
this form from N.S. W. must be placed in a 
new suborder of the Arctolepida. In several 
respects the structure and patte rn of the 
head resemble those pre ent in petalichthyid 
a rthrodires, a very specialized group o f 
Devonian placoderms (cf. Lunaspis, fig. 2c) 
whose affin ities are uncertain. The new 
gen us displays a condition fro m which_ the 
peta lichthyid head might have been den ved. 
There sti ll remai ns the possibility that it was 
related to the flattened and very spec ia lized 
Phyllolepis (fig. 2d}, for which it was at first 
m istaken. The genus Phyllolepis appears 
rather suddenly in the la te Upper Devonian 
a nd its derivation is still uncertain. Al
tho ugh it has lost most of the bony plates 
around the o rbits a nd the ma rgins of the 
head, the large med ia n p la te which forms 
the bulk of the headsh ield still p reserves four 
pairs of converging sensory ca na ls, not 
unlike those in the Mt Jack specimen (fig. 
2a). The latter form , wh ich is being d es
cribed mo re fully elsewhere (a nd which will 

e 

be called Wuuagoonaspis gen. nov. after 
the property o n which it was firs t discovered), 
provides us with a plausible ancestra l con
dition from which it would not be too 
difficult to derive the phyllolepid pattern. 

Alth o ugh Wuttagoonaspis gen. nov. is of 
great evolutionary interest its very _uniqu~
ness ma kes it less useful as a strattgraphtc 
indicator-at least unti l a ll the o ther 
Austra lian Devonia n ou tcrops have been 
thoroughly searched . The fact t ha t so many 
a rctolepid o r a rctolepid-like for ms occur in 
the Mulga Downs Fo rmat ion suggests that 
the age is unli ke ly to be later than the M iddle 
Devonia n and may even be as ea rly as late 
Lower Devonian. The best evidence in 
support o f this view is provided by an 
interesting little a rctolepid arthrod ire whose 
remains occur at Mt Jack and a t several of 
the Dunlops Range locali ties. They a re 
especia ll y common in blocks of creamy 
sandsto ne excavated to form the dam o f a 
water ta nk o n Mt Grenfell stat ion. Head
shields a re extremely rare (fig. 3) but the 
trunk armour units a re numerous, complete, 
a nd essentially uncrushed (fig. 4a- f). T hey 
a re triangular in section, with a flat base 
and a sha rp dorsal crest, a nd the postero
lateral corners a re furnished with well
develo ped spino us projections, beh ind which 
were a ttached the sma ll pectora l fi ns. 

othing compara ble has previo usly been 

Figure 4.- Dorsal, lateral , and vent ral views of the trunk armour of a small arctolepid anhrodi re from 
the M iddle(?) Devonian of northwestern ew South Wales (x J). (a c) r('construcllon of external 
surface. (d-f) internal mould, sediment in filling left after bone has weathered away. (For head armour 

of the same genus see fig. 3.) 
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recorded fro m Austra lia-or even from the 
So uthern H emisp here. To find closely 
re lated genera we must look to North 
America, Europe, and Spitsbergen, and the re, 
especia lly in Spitsbergen, the Lower a nd early 
Middle Devonian sediments have prod uced a 
wide variety of these small a rc to lepids. The 
Spitsbergen gene ra showing the closest 
resembl ance to the A ust ra lian fo rm a re 
Huginaspis, Heterogaspis, a nd Arctolepis, 
which occur in the lower part of the Middle 
D evonian (Eife lian). It seems certa in , there
fore, that the lower pa r t o f the M ulga Downs 
Forma tio n a t least is of a simila r age, and no t 
f rom the la te Upper Devonia n as had 
o rigina lly been though t. 

F indings of industrial importance 
lt follows tha t there was no t a long time

interval between the depositio n o f the marine 
A mphithea tre Gro up ( Lower D evonia n) and 
the continenta l M ulga Downs F o rmatio n 
which followed . Altho ugh a t fi rst sig ht such 
findings may a ppear to be of minor 
importance a nd of interest to a few specia lists, 
this is no t the case. Companies seeking 
natura l resources such as oil , na tura l gas, o r 
mineral deposits requi re accura te d a ta on the 
rocks which they a re prospecting, and foss ils 
p rovide such da ta. Thus it ha ppens tha t 
a piece of pure scientifi c research by 
Scandinavian pa laeontologists in the 1920's 
o n small D evonia n fi sh fro m Spitsbergen has 
enabled us, in the 1960's, to accura te ly d a te 
for the first time a very la rge a rea of sedi
menta ry deposits in weste rn N .S.W. 

Studies on vertebra te and o the r fossils 
a lso provide evid ence to support the now 
widely-accepted theory tha t the earth's 
continenta l masses were o nce cl osely 
associa ted a nd that they have drifted to their 
present posit ions over a conside rable spa n of 
geological time. If the southern continents 
a re reassembled as they must have been 
over 200 m illio n years ago we find that 
sou theast Austra lia a nd Vic to ria Land in 
Anta rctica may have been in c lose proximi ty. 
T here is an exci ting possibility tha t the stud y 
of vertebrate fossils may he lp to confirm 
this in the near future. Devonian fis h 
rema ins were first collected fro m Victoria 
Land in 191 1- 12 and additio na l ma te ria l was 
recovered by New Zea la nd members o f the 
Trans-Anta rctic Expedition in 1955- 58. 
During the 1968- 69 summer season New 
Zeala nd field parties returned to the a rea a nd 
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succeeded in locating rich deposits of fish 
remains in situ. Although they had to 
sledge in a nd o ut of the a rea, they managed 
to bring back a bo ut 500 pounds of fossil 
materia l ; however, severa l fi ne specimens 
had to be left behind fo r future parties to 
extract, through lack of suita ble equipment. 
Th is ma teria l o f D evonian vertebrates, 
recovered a t considera ble expense a nd effor t, 
is to be prepa red a nd studied in the Australian 
M useum, and since it represents by fa r the 
richest concentra tio n of vertebrate remains 
ever discovered in A nta rctica the findi ngs 
will be of vita l significance to workers in 
many fields a ll ove r the world , and may lead 
to accura te corre la t io n between Austra lia n 
a nd Anta rctic successio ns. 

[The map and diagrams in this article are 
by the author; the photo is by C. V. Turner.] 
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BOOK REVIE W 
KU-R ING-GAf CHASE NATIONAL PARK, by 
Douglass Baglin a nd Ba rbara Mull ins. Horwitz 
Publications Inc. Pty Ltd, Nor th Sydney. Price $ 1. 

This excellent booklet serves as a fi ne introduct ion 
to the beauty and natural history of not only 
Ku-R ing-Gai Chase Nationa l Park, but also of the 
Hawkesbury sandstone country north and south 
of Sydney, lt wi ll serve as a guide to the uninitiated, 
and is a good choice for introd ucing the "'Austra lian 
bush" to friends and relatives overseas. T he 
balance between word and picture is good and the 
text is sufficiently informative not to insult the 
reader's intelligence. The pho tography and 
p rint ing general ly are o f high q ua lity-though a 
couple of the ma mmal shots look a bi t posed. I 
am pa rt icul ar ly impressed by the effectiveness with 
wh ich natural history subjects have been blended 
wit h huma n activities to provide a graphic picture 
of this uniq ue park.- H. F. Recher. 
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FIRE-STICK FARMING 
By RHYS JO 'E 

Research Fello11 , Depar tment of Prehistory, Australian National ni\'ersity, Canberra, A. C:r. 

I recent years there has been increas ing 
in terest in the e ffect of ma n o n the 

Au tra lian environment. Forests have been 
bulldozed , swa mp dra ined, hea ths sown 
wi th trace elements, beaches chewed up, 
a nd the litter of the mid-twentieth century 
pread everywhere. Tha t this is deeply 

a!Tect ing the co untryside is o bvio us to a ll and 
ca uses concern to some. G . P . M arsh saw 
the same thing ha ppening to the face of 
America during the last century, and doubt
les the Ro man intelligentsia of the rich 
provinces of o rth Africa gave the ma tte r 
o me th ought as the wheatfields around their 

\ilia turned lowly into desert. 

In mo t d i cu io ns a contrast i made 
between a ·'natural"' environment as o pposed 
to an ·•artificial"' one. We imply that the 
fo rmer rep re ents the climax without the 
e!Tect of man, a nd as exa mples of it we think 
of bu hland aro und o ur cities, the natio na l 
pa rk , a nd remo te a reas. We imagine tha t 
the country een by the first colonists befo re 
they ringba rked their fi rst tree was " na tura l". 
But was it ? 

Antiquity of man in Austra lia 
The whi te man has been on this continent 

for 200 years in some places a nd less so 
in most o ther . Before he a rrived, the 
continent had been colo nized , exploited , and 
moulded by other men- the Austra lia n 
Abo rigines a nd their ancestors for tens of 
thou ands of years. 

Au tral ian archaeology, in a decade' 
excit ing re earch, has produced sequences of 
ma n's ac ti vities back into the Pleistocene 
in ma ny place . The accom panying map 
su mma rizes o ur present knowledge o f man' s 
a ntiquity in vario us parts of the continent ; 
it ca n be seen that by 20,000 to 30,000 years 
ago he had colo nized a nd extended h is ra nge 
thro ughout the inla nd pla ins o f Austra lia 
and by 20,000 years ago had reached the 
o utheastern coast. 

Fo r a lo ng time there has been a tendency 
to regard the Aborigines, like most other 
hunter a nd ga the rers the world over, a 
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Mannalargenna, an Aborigine from the east 
coast of Tasmania. holding a burning fi re-stick. 
[Watercolour painting by T. Bock, in the 

ational Library, Canberra.] 

passive slaves of the enviro nment, in contra t 
to the impact of agricultural o r indu trial 
ma n, who is seen as the master of nature, the 
initia to r of ecological change. In recent 
years, however, the ecological effects of 
Abo riginal tech n<9logy have been re
investiga ted, and work by anthropologi t o n 
the living cu lture a nd by biologists on the 
envi ro nment suggests tha t these were 
enorm ous. They a re still shaping o ur lives, 
even in a reas where the Aborigines have not 
roamed free fo r 100 years. 

F ire and the Aborigines 
Aborigina l ma n's ecological impact was 

mostl y due to hunting, ga thering of pla nts. 
and fire. By far the greatest effects were 
eau ed by the use of fire. 
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Summary of the present knowledge of man's 
antiq uity in Australasia: squa res indicate carbon 
dates between 21 ,000 a nd 30,000 years ago, 
triangles between I I ,000 a nd 20,000 yea rs ago, 
and circles between 5,000 and 10,000 years ago. 
The broken line represents the I 00-fa thom line 
wh ich would have been the approximate coastline 
more than 10,000 years ago. [Map by the aut ho r .] 

A stud y of Austra lian ethnogra phic 
lite rature will show that bushfires were 
systematica lly and universa lly lit by the 
Abo rigines a ll over the continent. Explo rers 
fro m Tasman onwards, seeing Austra lia fro m 
the sea, reported that the coastlines were 
do tted with fires. Peron, in 1802, sa iling up 
the Derwent in so utheast Tasmania, said tha t 
"wherever we turned our eyes, we beheld the 
forests o n fire". When men explored inla nd, 
the entire ho rizon was often fi lled with smoke 
haze fro m Aboriginal fires, a nd a nthro
pologists have reported regula r seasona l 
fi rings over hundred s of thousands of square 
miles in centra l a nd tropical Austra lia. 

Tasmania 
ln T asmania it was customa ry for the 

Aborigines to carry thei r smouldering fi re
s ticks wi th them, a nd they set fire to the bush 
as they walked a long. G. A. R o binso n, 
who lived with them for the best pa rt of 
5 years, has hundreds of descriptio ns of their 
setting fire to the bush, of distant Aborigina l 
fires, a nd of la rge areas of countryside fres hly 
burnt by them. 
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T he ecological effects of these burn ings 
have been studied by T asma nian botan ists, 
who can only account for the dis tribution of 
modern vegeta tion zones in Tasmania in 
terms of a long histo ry of intensive Aboriginal 
fire pressure. Ma ny fac tors a re involved in 
the distributio n, such as so il type and aspect 
and climatic cha nge, but a long history of 
firing has reduced the Notofagus-do mi nated 
ra info rest in ma ny places thro ugh a mixed 
eucalypt/ ra info rest phase to scrub and, 
eventually, to sedgeland a nd heath. 
W. D . Jackson sees the coasta l sedgeland of 
western Tasmania as having been largely 
formed and extended as a result of constant 
firing, a nd as such it is a human a rtefact. 

Jn eastern Tasmania, fi ring produced and 
mainta ined the open sava nna h woodland o r 
pa rkland which greeted the first colonists, 
with their ftocks of sheep. H ere and there 
are extensive, o pen, treeless a reas or "plai ns" 
covered with Poa grass land. These pla ins 
have been fo rmed by repeated firing. and 
o nce there was a dense mat of grass on the 
surface it would have been kept clear not 
o nly by ma n but a lso by the grazing of 
m acro pod s, native hens, and o ther animals. 

Eastern New South Wales 
The savanna h woodland, merging into 

open pla ins, cha racteristic of central and 
western New South Wales, is similar in 
many ways to that of eastern Tasmania a nd, 
again, has been heavi ly modified by 
Aborigina l burning. In 1848 Major T homas 
Mitchell , t he explorer, said with brilliant 
insight of these park wood la nds: 

·'F ire, grass, ka ngaroos, and human inhabitants 
seem a ll dependant on each ot her fo r existence in 
Australia ... Fire is necessary to burn the grass 
and form those open fo rests, in which we find the 
large forest kangaroo; the native appl ies that fi re 
to the grass at certain seasons, in o rder that a 
young green crop may subsequently spring up and so 
a ttract and enable him to kill or take the 
kangaroo with nets. Jn summer, the burning of 
the long gras.s a lso disclo es vermin, birds' n ests, 
etc., on wh1ch the females and the children 
who chiefly bu rn the grass, feed. But fo r this 
simple process, the A ustralian woods had probably 
contai ned as thick a jungle as those of ew 
Zealand or America instead of open forests." 

ArnJtem Land 
Arnhem La nd, like other a reas of tro pical 

Austra lia , has a marked seasonal cl ima te with 
a wet and a dry season. The Aborigines 
organ ized their life according to this pattern, 
a nd the fir ing of the bush during the dry 
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season wa s a decisive part of their economy. 
In 1853, a vis itor to the short- lived Brit ish 
se tt lement of Po rt Essingto n commented: 
"About the middle of the dry seaso n, the 
natives set fire to the grass which is abundant 
everywhere, a nd a t that time quite dry ... 
The conflagration spreads until the w hole 
co untry as far as the eye can reach , is in 
a grand a nd brillia nt illumination". The 
Aborig ines s till do this. and the ro le of firing 
in their to ta l econo my has been extensive ly 
s tudied . The fi res spread rapidly thro ugh the 
tall dry grass to the bases of the trees, a nd 
their ecological effects a re ma intena nce of 
the o pen parkland appearance and inh ibit io n 
of the spread a nd a bunda nce of non fire
re istant plants. 

. B. Tinda le accounts for the presence of 
pa tches o f eucalypt and open plains in the 
Cape Yo rk ra info rest as, again, being due to 
Aboriginal firin g. 

Why did Aborigines burn the bush? 
We can try to a nswer this ques ti o n at 

several levels of so phistica tion : 

• For fu n: Anthropological friends of mine 
have asked Abo rigines why they were tossing 
lighted ma tc hes in to the bush from the back 
of land-rovers in which they were travelling. 
The answers have ranged from "it's fun " to 
" it's cus to m". 

• Signalling: In the deserts, fi res were 
used for signa lli ng purposes either between 
ba nds o r within the m, so tha t the fora ging 
people could know each other's w he reabouts. 
ln Tasma nia , Aborig ines tracked each 
o ther for peaceful o r warl ike purposes by fi re 
spotting, and R obinson records women, 
a bducted by sealers o nto o ffshore isla nds, 
s igna lling to their kinsmen o n the mainl a nd 
by lighting great fires. 

• To clear the ground: Both in western 
Tasmanian tea- tree scrub and in Arnhem 
Land grassland, the best way to clear a path 
is to set fire to the bush. This removes the 
unde rgrowth for easier travelling a nd also 
kill s sna kes a nd o ther vermin . 

• Hunting: In many parts of Austra lia, a 
recognized method o f hunting was to et fi re 
to the bush a nd club or spea r the a nima ls 
which broke cover. Fo raging over the 
burnt a rea a lso revealed anima ls such as 
liza rds hiding in ho les or burnt to death on 
the ground. 

• Regeneration of plant food: After fi ring, 
the Australia n bush shows remarkable powers 
o f regeneration. Eucalypts throw o ut new 
leaves, and grasses grow afresh fro m the 
burnt g ro und . Many of the vegetable food s 
eaten by the Abo rigines are more palatable 
when young- fo r exam ple, fe rns, bracken, 
grasse , leave a nd shoots of t rees. By pro
mo ting the regrowth o f gras es a nd young 
trees, ma n a lso provides a food suppl y for g ra
zing a nd browsing animals. Aborigines will 
return to a burnt a rea after ra in in order to 
hunt the game drawn there by the yo ung 
plants. This pro motion of regrowth thro ugh 
firing is exactly the a me process as that prac
t ised by mode rn farmers burning off the st ub
ble in a whea tfield , or by Welsh hi ll shepherds 
burning o ff the mounta inside each wi nter 
to kill the o ld bracken. In a ll cases, whatever 
the lo ng-term effects may be, the immed ia te 
res ult of burn ing is to inc rease the quantity 
of edible plan ts for man and his beasts. 

• Extending man's habitat: It is a thesis 
of mine that, through fir ing over thousands 
of years, Abo riginal man has managed to 
extend his natural habi tat zone. In 
Tasma nia , t he climax vegeta tio n along the 
western coast would be rainfore t, which, 

The east coast of Tasmania in 1802, showing smoke from Aborigines' bush fires. [Engra' ing after C. A. 
Lcsueur, from the an Ki,ell Colle:tion, National Library of Au tralia, Canberra.) 
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The bush immediately after an Aboriginal fire, northeastern Arnhem Land, 1967. o re the burnt gra , 
leaving a savannah, park-like distribution of trees. [Photo : icholas Peterson.] 

according to distribution studies of the 
Aborigines, was no t readily usable by them 
and was seldom penetrated. By burning, 
however, aided possibly by post-glacia l 
climatic osci llati ons, man was able to push 
back this forest and replace it by sedgeland 
which is rich in both a nimal a nd plant food . 
In eastern Tasmania, human firing increased 
the extent of the mosa ic pa ttern o f o pen 
sclerophyll forest and grassland pla ins. Thi 
is the optimum habitat for some of the 
macropods, such as the Forester Kangaroo, 
and the plains provided extra food for the 
kangaroos, wall abies, emus, a nd native hens 
on which the Aborigines fed. Mitchell , in 
the passage quo ted above, clearly understood 
the symbio tic nature of man, grassland, a nd 
kanga roos. 

Increased food supply 

lt is interesting that, through firin g, man 
may have increased his food supply and thus 
probably his population. At the mo t 
general level, firing of the bush, in the same 
way as clearing a fo rest to create a field , 
increa ed the proportion of olar energy per 
unit a rea of the ground that man could 
utilize. 
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Perha ps we sho uld call what the Aborigines 
did "fire-stick farming". 

Was this delibera te? In some cases, yes; 
in others, no. R o binson records that a 
park-like landscape in Tasmania had been 
fo rmed so as to give cover for the kanga roos. 
" This has been do ne by the natives: when 
burning the underwood , they have beat o ut 
the fire in order to form these clump ", 
he writes. R . Gould repo rts that Abo rig ines 
in the desert are quite clea r tha t burning will 
a ttract ka ngaroos o nce rain has fa llen. 

On the other ha nd some of the effects take 
thousands o f years to become recognizable, 
and no primitive peo ple could possibly 
document these processes. H owever, it is 
in some ways as irrelevant to me whether 
or not the ancient Aborigines knew what they 
were doing as it i to the palaeontologists 
whether o r no t the g iraffe knew why his 
neck was growing. If we a re interested in 
the operation of laws of na ture, we have 
to a nalyse the effects of certain actions or 
physical change a nd see whether they are 
advantageous or deleterious to the animal 
or culture involved . Taking a Darwinian 
line, according to the "principle of the 
survival of the fittest economy··. to "explain .. 
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the acceptance and development of a cultural 
trait we have to show its ada ptive value. 

Firing, because of its great ad aptive value 
to hunters and gatherers. became an integra l 
part of the economy, and it pre ence 
throughout most of the hunting a nd gathering 
a nd agricultura l economies of the world 
implie that it ha a high antiquity a nd great 
importa nce in human evolution. Fire was 
man's first "extra-corpo real muscle". Let 
us not fo rget that the power released by the 
d isastro us Ho bart bushfire on 7th Februa ry, 
1967, was equiva lent to two atom bo mbs. 

Result of the removal of Aborigina l fire 
pre ure 

Although fire has been a n impo rta nt 
factor in Austral ia fo r millions of years, 
natu ral fi res being lit by lightning, etc., the 
a rrival o f Aborigi nal man increa ed the fire 
frequency by a n enormou a mount. Thi 
produced and maintained disequilibrium , 
with the a rtificial extension of the range of 
pyro ph ytic plant . With the arrival of the 
Europeans, the Abo rigines and their fire-
ticks were promptly removed, and the e ffec t 

ef the ce a tion of regular burning were 
quickly no ticed. Settlers in ea tern T as
mania in the 1850's commented th a t open 
sclerophyll fo rest beca me littered with bark 
and young shoots, with the grass becoming 
sour a nd weak. On the open plains of 
Surrey H ills in highland north Tasmania, 
the hcpherds were increasingly frust ra ted 
by the growth of scrub. which, by 1890. 
had oblitera ted most o f the open land . The 
rainfore t in T a mania has spread from it 
gullies, and la rge a reas of southwestern 
edgeland have become covered with high. 

den e scrub. 
In ew South Wales, fo resters have 

rema rked tha t the maintenance of eucalypts 
o n ma ny high-quality sites depends on fire : 
o therwi e, it would be replaced by o ther mo re 
tole ra nt gene ra. The resurgence of the 
cypress pine (Callitris) in weste rn ew 
So uth Wales may depend on the reductio n 
o f fire frequency. Some animals may have 
become adapted to a high fire regime and 
a re more rare when this is reduced. lt is 
inte re ting tha t Lead bea ter's Possum, o nce 
tho ught to be a lmost extinct in Victo ria , 
increased its numbers after several la rge fire 
had provided it with its preferred habitat. 
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In the dry sclero phyll forests of Ta ma nia, 
Jack on calcula tes. forest litter accumula tes a t 
the rate of 3 to 25 cwt per acre per yea r to 
a steady level of 30 tons per acre. Fires in 
these forest wi th fu ll fuel com plements 
become totally uncontrollable, with va t 
da mage being done to plants, animals, and 
man. lt is iro nical that a policy of fire 
prevention may have bro ugh t o ur bush and 
forests up to thei r present da ngero us state, 
and the series of catastroph ic fi re in recent 
years may be the result o f discontinuing the 
Aborigina l custom of regula r burning. I 
have been in terested in recent weeks to read 
that a po licy of burning-off may be initia ted 
as a new method of fo rest conservatio n. 

Fire and con ervation 

I am no bota nist and would not ven ture 
a di cussion on the lo ng-term effects o n pla nt 
a nd soil of firing o r non-firing. However, a 
a n anthropologist. I can state tha t at the 
time of ethnographic contact with the 
Aborigines, a nd probably for tens of 
thou a nds of yea rs before, fires were 
ystema tically lit by Abo rigines a nd were an 

integra l part o f their econo my. 

What do we want to conserve? We have 
a choice. Do we want to conserve the 
enviro nment as it was in 1788, o r do we 
yearn for a n environment witho ut man, as it 
might have been 30,000 o r more years ago? 

If the former, then we must do what the 
Aborigines did and burn a t regular interval 
under controlled conditio ns. The days of 
"fire-stick farming" may no t yet be over. 
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Excavations in progress a t ebira, Cen tral Papua , last year. T he Eriarna ridge. where add itio na l 
sites will be excavated th is year, can be seen in the upper left d istance. [Photo: Au thor. ] 

Recent Archaeological Discoveries 
in Central Papua 

By SUSA1 B LMER 
De partment of Ant hropology and Sociology, niversity of Papua a nd 'cw G uinea , Waigani 

I T ha long been kno wn, largely through 
acc identally fo und ites a nd objects, that 

coa ta l a reas of mainland New Guinea have 
great archaeo logica l po tentia l. For insta nce, 
in 1907 some remarkable village mo unds 
were discovered at Ra inu village, near the 
coa t a t Collingwood Bay, o rthern Papua, 
during the const ructio n o f a missio n building. 
Repo rt of other ite fro m many pa rt o f 
the co untry have followed, e ithe r thro ug h 
the fie ldwork of amateur o r pro fessio na l 
a rchaeologists or thro ugh the inte rest o f 
va rio us members of the public. The Papua-

ew Guinea Public Mu eum and Art G a llery 
i filing the va rio u ite repo rts fo r a rchaeo-
logi t to use during their fie ldwork, 
a nd recently engaged an Austra lia n 
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archaeologist, Mr G . Preu y, to spend o me 
week s loo king into the sta te o f preservation 
o f some of the sites reported . However, 
d etailed fi eldwo rk in lowland a rchaeo logy 
began o nly last year in two region : 
Collingwood Bay, where Mr Brian Egloff, a 
re earch cho la r at the Austra lia n a tiona l 
Universi ty, is now in the field. a nd in the 
Po rt Moresby a rea, where the a uthor i now 
resident a nd engaged in a lo ng-term project 
o f a rchaeo logical research. 

At this stage it i no t possible to a nswer 
many specific que tion about the prehi to ric 
past o f lo wla nd ew Guinea, a ltho ugh a 
n um ber o f genera l remarks can be made. 
For in ta nce, becau c rad io-carbo n da ting 
uggests tha t o me prehi to ric ite in 
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no rthern Au tra li a were occupied over 20,000 
years ago, it can be assumed that parts of 
lowland mainla nd ew Guinea have been 
settled by human fo r a simila r pe riod o f 
time. New Guinea a nd Austra lia became 
separa ted o nly between 5,000 and 8,000 
yea rs ago, when the drowning o f To rres 
Stra it is tho ught to have occurred . The 
early inhabitants of lowla nd ew Guinea 
were undo ubtedly hunters a nd collecto rs o f 
the na tu ra l p roduce of the ea hore, fo rest , 
and grassla nd . At a la ter period , perh aps 
soon after the d rowning of T o rres Stra it , 
gardening a nd pig-ra ising people settled in 
pa rts of coa tal ew Guinea. Some of 
the e la te r people were po tte r , a nd the 
various styles of mod ern potte ry suggest tha t 
several po tte ry tradi tio ns were b ro ught to 

ew G uinea from di fferent parts of lndo ne 1a 
a nd eastern A ia. The variety of pottery 
present in cw Guinea. together with the 
variatio ns of language and other cul tura l 
feature , suggest that the immigra nts them
selves may have come from a ~umber of 
different a reas, but we know too little about 
the archaeology of ew Guinea a t present 
to po int to pecific p laces of origin . 

Beyond these sorts of genera l tatements, 
rema rks at present must be limited to a 
restricted ra nge o f evidence and to the small 
areas in which work i now in progress. 
In this a rticle we will be concerned with the 
new evidence coming to hand about the 
prehisto ry o f the Port M ores by a rea. 

Armchair archaeology 

The Po rt M oresby a rea is rich in written 
record about the local people a nd their way 
of li fe fro m the I 870 's, when the fi rst 
missio na rie ettled the re. The e throw 
considerable light o n the most recent 
prehi to ric peoples, a ltho ugh the e ffects o f 
European contact must be untangled fro m 
the record. A number of village of peo ple 
speaking a single language, M o tu, were 
fo und a lo ng the coa t between M anumanu, 
some 45 mile to the west of Port M oresby, 
to K apa kapa, about 40 miles to the east. 
These people were fishermen and trade r , 
Jiving in pile ho use o n the beach or o me 
dista nce out in protected lagoons. The 
inl and people, t he Koi ta, spoke a n unr~lated 
la nguage and lived either _m ham l~t s m t_he 
coastal hills or in coasta l Vil lages, e1ther wJth 
the M otu people or in their own comm un ities. 
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The K o ita occupied the lowla nds fro m the 
beach to the La lo ki River, dwell ing inla nd 
mainly in the hunt ing season . 

The anthropologica l a nd his to rica l records 
o f the Mo tu a nd Ko ita people give gene ral 
a nd speci fic cl ues to the a rchaeologist in 
ma teria l culture, such as orna ments, tools, 
a nd weapons, a nd in the search for preh i to ric 
sites. There a re a lso other a pp roaches 
which give cl ue to the prehi toric pa t; . the 
study of la nd form and cha nge, veget~ tJon, 
a nd animal life, for instance, a re essentia l to 
understa ndi ng the remains left by preh istoric 
peoples. 

In the ea e of the Po rt More by a rea, the 
coa ta l plai n a re no t tropical, but mai nl y 
short-grass savan nah count ry, m~a.n ing that 
hunt ing people could make a IJvmg there. 
part icula rly when sufficient lowl~nd forest 
wa available fo r food collectmg. Only 
remna nt patches of fore t exist now, o n _steep 
slo pes or by river courses. Garden mg m the 
usual range of Ocean ian crop is o ut o f the 
q uestio n fo r much of the year. _As a resu lt 
of the accident of the d Jrect1o n of the 
prevailing winds bei ng para~ le) with . t he 
mo unta in ranges, the a rea rece1ves very little 
rai nfa ll in comparison with most of ew 
Guinea a nd most of the ra infa ll is in the 
season 'fro m D ecember to through April. 
During the wet season good crops c~n be 
grown. but, except in mall pockets 111 t he 
coastal hill with good ground wa ter a nd 
near the perma nent watercourses, during the 
rest of the year s taple good s must be obta ined 
thro ugh trade. Rich fis hing and sea food 
collecting were ava ilable fo r much o f the 
year a lo ng the coast a t Po rt Moresby, and 
fo r a 2-mo nth o r 3-mo nth season the Ko ita 
hunted and mo ked la rge q uant ities of 
wa llaby, which they traded to the M ot u and 
other ne ighbo urs. 

The M otu filled thi unu ual ecological 
niche by specia lizing in the manufacture o f 
pottery a nd small shell-bead valua bles. 
During the wet season the M o tu men 
travelled in ma ny-hulled canoes to trade 
wi th peoples of the Papua n Gulf, exch_a_nging 
pot a nd o the r goods for h uge quant1 t1es of 
sago wit h which to return to the Port 
M oresby a rea. 

S urveying archaeological sites 
ln o rder to move back in time and discover 

something about the earl ier peoples of the 
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Plate A.- Surface fi nds from ebira . Cent ral 
Papua. Pottery sherd with red s lip and 
burnished urface. The incised decorat ion is 

fi lled in with lime. [Pho to: C. Scholium.] 

Port M o resby a rea , and to ma ke some 
info rmed g uesse a bo ut the past histo ry of 
the Motu and Ko ita peo ple , it is necessa ry 
to look into the evidence in the gro und o f 
their settlement. If the re has been settlement 
o f a fa irly la rge community, such as has 
occurred o n o me beaches in Centra l Papua, 
a site may consi~ t of a thick accumula tio n o f 
broken po tte ry and o ther do mestic rubbi sh 
whic h i o bvio u to a lmost any eyes. If 
ettlement wa in ma ller numbers, o r if the 

re ide nce ite were relocated frequent ly, the 
accumula tio n may be ma lle r in volume, b ut 
i certa in ly no t le impo rtant in recon-
truct ing the pre hi to r ic pa t. If the dwell ing 

ha been co nfined to a sma ll space, such as 
under a rock overha ng, the rub bish left by 
huma n occupat ion may be deeper than when 
a dwelling i in the o pen. 

The di covery of a rchaeological sites is 
o ften a ma tter of sheer luck, bu t it isn ' t 
usua lly the a rchaeologist tha t has the luck ; 
excavatio n for a ho use ite, clearing fo r a 
road, o r even m ining a nd quarrying wo rk. 
commo nly lead to the di covery o f prehisto r ic 
ite . For thi reason a rchaeologists are 

grea tly de pendent o n people who know the 
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la nd bette r, ei ther ew Guineans o r 
expatria te fro m o ther countrie who ha ppen 
to have li ved there lo nger o r been a ro und 
mo re. Fo r insta nce, Mr W. E. T o mase tti . 
a fo rmer o fficer in the Depa rtment o f Di tric t 
Service fo r many yea r , a nd now Dean o f 
Stude nt a t the University of Papua a nd 

ew Guinea, i o ne of ew Guinea· most 
active a ma teur a rchaeologists. As an o fficer 
in a num ber of Di tricts he lea rned o f 
many rema rka ble a rchaeological s ite and 
refe rred them to interested archaeologists. 
Thee ites inc lude Kiowa (Eastern Highlands 
Distric t), excavated by the author in 1960 ; 
Ko ipe (Centra l Di trict), excavated by Dr 
J . P. White, now o f the Austra li an Mu cum ; 
and ebira (Central Papua), where the 
autho r i now working. 

The o ther way to find ites, gene ra lly a 
technique which ha to upplement the first 
accidenta lly di covered s ites o r objects, is to 
systema tically comb a pa rticular a rea o f land , 
u ing a ll cultura l a nd geogra phica l clues to 
record a large a number and a wide a ra nge 
o f site a nd info rmatio n as possible. This 
can give o me indica tio n of how repre enta 
ti ve ingle site o r find s a re. At the present 
sta te of the urvey of the Port M oresby a rea, 
fo r o pera tie na l purpose an area of a bo ut 
24 squa re miles, a bo ut 50 s ites have been 
vis ited o r recorded, altho ugh many mo re 
have yet to be loo ked in to. A number of Po rt 
Mo re by re idents have given assista nce in 
assembling th is ite info rma tio n, no t o nly 
searching their memories but a l o repo rting 
new o b erva tio ns. I am partic ul a r ly g ra te ful 
in thi re pect to M r Roy McKay. Pre pa ra to r
in-Charge a t the Papua- ew Guinea Museum , 
who ha taken a great interest in preh i to ric 
ite a nd fi nd . 

Two pecific survey project a re planned 
for 1969: the com bing of the coasta l hill 
fo r furthe r ite , and furthe r explo ra tio n in 
the vicinity o f the inla nd lowland La lo ki 
Ri ver. These a re two a reas where his to rica l 
account indicate very little selllement in 
the la te 19th century, a lthough a ub tantia l 
num ber of pre hi to ric ettlement s ites have 
a lready been fo und . 

Pottery collections 

One o f the commo nest eleme nt of the 
rubbish tips of pre histo ric settlement in 
Centra l Papua is bro ken po ttery. Thi is 
good fo rtune in term o f genera l Paci fic 
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a rchaeology. for other object made of 
durable material are far less common in 
open ite . al though stone and bone rubbi h 
i ometimes of great proportions in rock 
helter camp . Although pottery cannot in 

it elf provide much information about daily 
life in prehi toric times (unles , of cour e, it 
decoration include cenes of dai ly life, which 
is not the ea e in Pacific pottery), it i very 
u eful in compari ng or linking people of 
different areas, a well a in measuring 
change within a particular people, for pottery 
decoration styles and shape change over 
time and between communities. lt is a lso 
ea y to spot potsherds on the ground, once 
one· eye are focussed to this task, and thi 
ca n lead to the discovery of many new 
dwelling ite . 

As wa mentioned above. the Motu-
peaking people of the Port More by area 

made their li ving la rgely through pottery 
man ufacture. The main form of pot, an 
undecorated globular pot with a wide everted 
"collar" rim, wa the form traded to the 
Gul f people . This pot wa u ed both for 
cooking and for storage of water and ago. 
From the hi torical record the rim varied 
from a rolled fo rm to vertical pout , but 
the general form was very consistent. For 
serving food , the Motu also made open round 
bowls of va rious sizes, which comm only 
had a thickened outer rim with a narrow 
band of inci ed geometric designs. 

lt oon became apparent during field 
surveying that a fa r greater ra nge of pot 
hape and decoration than had been reported 

for the M otu potters wa pre ent on many 

Plate B. Surface finds 
fro m a site near Boera 
\illagc, Cen tral Papua: 
red-painted decoration 
on flaring "collar" 
rims. [Photo: C. 

Scholium.] 
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ite around Port More b). Large collec
tion from various ite have been made. and 
the collection is continuing. the intenti on 
being to ee if a imilar range of pot wa in 
use throughout the district or if di fferent 
communitie used a different range. Some 
of the newly recorded kind of decoration 
a re hown in pla tes A- C. One painted herd. 
a triped piece similar to the two in the lower 
right hand corner of plate 8, has previously 
been reported from Daugo Island, and M r 
Ronald Lampert , of the Australian National 
Univer ity, has collected sherd imilar to 
those in plate A from the sa me location. 
Other herds, not illustrated here, a re imilar 
to a collection made at Rainu, Collingwood 
Bay, a nd reported by Seligmann and Joyce 
( ee reading li t below). A number of 
tudie of prehistoric and modern pottery 

from ew Guinea a re now being made by 
archaeologists from the Au tralian ational 
Univer ity, and the finding of their tudie 
hould ea t some light on the po ition of the 

pottery of Central Papua. 

Excavation 

Largely as a result of the rich collections 
of pottery and an initia l urvey of the 
hi torical literature, excavation were begun 
a t Nebira, a la rge open settlement ite near 
the Laloki River, about 8 miles from the ea. 
Thi site, known in ome local tradition a 
the location of Koma, the found ati on village 
of the Eastern Koita people ( ee C. G . 
Sel igmann, page 41 in the book mentioned 
in the reading list below). cover mo t of a 
hill of abo ut 21 acre and over 400 feet high. 
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Pla te C.- These po llery she rds, with dentate 
stamp decora ti on in geometric pa llerns, a re 
urface fi nds fro m ebira, Centra l Papua. 

[Photo: C. Scho lium.] 

M uch o f the hill is heavily eroded , and 
quarryi ng for meta l i proceed ing a t one end, 
but m uch of the ite i ava ilable for 
a rchaeological inve tiga tio n, including a d eep 
tra t ified cree lo pe a t the ba e of the hill. 

Fort una tely, qua rrying i no t likely to a ffect 
much of the suita ble portion of the ite for 
o me time. 

During the 1968 ea o n g rid excavatio n 
were begun in a addle a rea between the two 
ma in peaks of t he hill. about 300 feet above 
the river. The find inc lude t he rema in of 
a pi le ho u e with as ocia ted burials, two 
midden layers into which furthe r b uria ls 
were d ug, a nd a fi na l, most recent, m idden 
layer conta ining ma inly M otu-type po t . 
Thi deposit was covered with stra tified sa ndy 
oil ide ntical to the o il a t pre ent fo und with 

the hort-g ras vegeta ti on a t ebira , 
indicating a con iderable period ince the ite 
wa la t occupied . The two early midden 
layer contain a range of po tte ry qu ite 
d ifferent fro m the recent M otu, including 
painted po ttery and inc i ed wa re simila r to 
tha t illu t ra ted in pl a te A and B. However. 
mo t of the finds fro m the first season' :, 
excavations have no t been cleaned and 
p roce ed , a nd therefore no fi rm concl u ion 
can yet be drawn. The earl ier midde n layer 
a lso conta in hell a nd bo ne refu e a nd a rich 
c hert tool ind u try. A ocia ted with o me 
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of the burials a re o rna ments-inc ised lo ng
bone bead . hell . pig tu ks. and dog's 
teeth. 

D uring 1969 excava tions will co ntin ue a t 
ebira and t rial excavatio ns will be begun 

a t rock-shelter o n a nearby lowla nd r idge, 
Eriama . There a re a l o ope n ettlement 
areas at Eria ma, in p roximity to the e rock-
helter , which conta in a s imila r ra nge of 

potte ry to tha t fo und a t ebira. ll i ho ped 
tha t these shelter s ite may p rovide a different 
range of find s to be associa ted with o r 
co ntras ted to th ose fro m the o pen settlement . 
Fina lly, it is ho ped to investiga te a site o n the 
nearby rive r fl a t , proba bly during the 1970 
ea son. 

M any questio ns can now be a ked . but not 
yet an wered . For in ta nce, doe the 
imila rity o f the ea rly pottery in Port Mo re by 

a nd Collingwood Bay mean tha t the e two 
a reas were occupied by re lated peop le , or 
was o ne a rea ettled fro m the o ther ? Who 
were the earlier people living in the Po rt 
Mo resby a rea? Were they just M otu people 
making a d iffe rent kind of pottery. o r we re 
they a nother earlie r people ? Who were 
the people li ving inland near the Laloki 
River ? Were they ancestors o f the Koi ta 
peoples, a nd were they po tter ? 

If the present programme of a rchaeological 
work in the Po rt Moresby area ca n be carried 
o ut, so me sequence of the preh istoric ettle
ment in thi sma ll a rea may be understood . 
But ew G uinea i a vast country, and it i 
to be ho ped tha t many mo re a rchaeologi t 
wi ll become interes ted in the lowla nd a rea 
a nd tha t ma ny more member of the public 
wi ll a sist them by collecting informa t ion 
abo ut uitable ite a nd interesting fi nds. 
The task of unravelling ew Guinea' 
lowla nd prehi tory i an e normo us o ne. 
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Specimens of the ea star Odontaster ••alidus on the sea noor at Cape E\ans. McMurdo Sound. Antarctica. 
According to the photographer, one animal in the middle of the large clump of stars wa feeding on a 
small heart urchin, Abatus; appa rently the other stars were attracted by materials e caping from the 
partly digested heart urchin. A sea urchi n, Sterechinus neumayeri. can be een rather faintly in the top 

left-hand corner. [Photographed at 75 feet on 28th ovember, I 967. by Paul K. Dayto n .) 

Antarctic Sea Star 
By .JO H S. P EA R E 

Resea rch Fellow, 'W. M . Kcck Laborator y California Institut e of Technology, U .. A. 

A YO 1E who peer out over the hallow 
ea floor of McMurdo Sound, 

Antarc tica. either through crack and holes 
in the ea ice or while diving. is bound to 
be impre ed by the abundance of small 
reddi h ea star . They are everywhere. 
Meat-baited trap~ invariably collect large 
number of the e little animal s. Renc 
Koeh ler, who had many specimens in his 
collec ti on from the First French Antarctic 
Expedition, de cribed them in 1906 as 
Odomaster l'a!idus. They have been pre ent, 
oft r n in very large number , in the collection 
of virtual!) every o ther expedition to the 
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Antarctic. Certainly they are among the 
mo t abu nda nt animal in hallow Antarctic 
ea~. Thi article ummarizes what i known 

a t present of this characteri tic animal of 
the Antarctic coasts as revealed mainly 
by tudie in Mc M urdo Sound. 

S ystematics and distribution 
0. l'alidus belongs to a ma ll (5 genera, 26 

pecie ) phanerozonid family, Odontas
teridae. that i characterized by the presence 
of pro minent "teeth" (hence the family 
name) around the mouth. The famil y is 
fo und mainly in colder water of the Southern 
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Hemisphere. All seven specie o f the gen u 
Acondontaster are found in Anta rct ic water 
and o nly o ne (or two) of the e a lso occurs 
northward ofT outhern South America. 
Two pecie of the genu Asterodon occur ofT 
southern South America, wh ile three o the rs 
occur off cw Zealand . The single specie 
of the genus Eurygonias a lso occurs off ew 
Zealand . Odomaster is the largest gen u 
and ha a much wider distributi on. 0. 
l'alidus i re tricted to the Antarctic, whi le 
a second pecies is Anta rctic and sub
a nta rctic in occurrence. A ingle specie 
each occur off southern South America, 
South Africa. and 1ew Zealand. while 
another i known from a single o uth 
Atlantic abys a l record. In the orthern 
Hemisphere, one pecies of Odontaster occurs 
at bathyl depth off western orth America, 
three o the rs occur off eastern o rth America. 
and a fourth occurs off Europe. A fina l 
rare pecie of que tionable status, Hop/aster 
spinosus. ha been taken from the aby a l 
floor of the Bay of Biscay. 

The disjunct distributio n of the Southern 
and orthern Hemisphere species of 
Odontaster i puzzling. Mo reover, if a 
fo il of Jura ic Age i a pecimen o f 
Odontaster. as reported by Profe sor 

Diagram of analom) o f 
0 . •·alidus. The abaclinal 
body wall has been folded 
back a nd lhe gonads of 
lhe lefl and righl in lerradii 
and lhe pyloric caeca of 
lhe lefl radius remo\ed. 
(I) radial mu cles and 
me enlery auachmenls. 
(2) lnlerradial me enlery 
auachmenl. (3) I nleslinal 
caeca. (4) Slo ne canal. 
(5) Cardiac slOmach 
pouch on capiwla of firsl 
ambulacral ossicle. (6) 
Tiedemann 's po uch. (7) 
Fo lds of pylo ric caecum. 
(8) Median duel of pylo ric 
caecum and radia l 
mescnlcry a u achmenls. 
(9) Ambulacral ossicles. 
(10) T win ampullae of 
wbcfeel.( I I)Go nad . (12) 
Marginal ossiclcs. ( 13) 
Aclinal spines. (14) 
Abaclinal paxillae. 
[Drawn by Kalhlcen T . 

Pearse.] 
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H. B. Fell, it is remarkable tha t such an 
o ld genu co uld be o uccessful in cold 
outhern waters while being co mpletely 

absent from the Arctic. 

0. mlidus ranges a ro und the Antarctic 
continent and extends as far north a South 
Georgia a nd Bouvet I la nds. It ha no t 
been recorded fro m the Falkland I land 
nor the Patagonian Shelf. Such a 
di tribut ion ugge t that it is highl y 
tenothermal a nd is re tricted to water 

temperatures between a bo ut 2° and 1 2° 
C. Its vertical di tribution extend from 
the water's edge to at least 914 metre 
depth. 

Anatomy 

0. l'alidus a "cu hio n· · star and, as 
uch, has a thin , soft in tegument wit h 

rela tively widely cattcrcd sma ll os icles. 
It is not a large ea tar, averaging abo ut 
25 g ram me wet weight and 70 millimetres 
arm-length . The a bactinal (aboral ) o ides 
carry clusters of spine on sma ll stalks 
(paxi llae) tha t give the tar a soft velve ty 
appeara nce. A single white madrepo rite is 
conspicuou . The mall incon picuous 
ma rginal ossicles arc unusual fo r a 
phanerozonid sea ta r. Almost all 
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pecimens of 0. l'alidus have five hort arms 
that a re joined broadly at the base to give 
a "bat.. star appearance. Rarely, four
armed or six-armed specimens turn up in 
collections, these apparently being growth 
abnormalitie rather than results ef injury. 
Regeneration of arms, in fac t, doe not 
seem to occur. 

The internal anatomy of 0. l'a!idus is 
similar to that of other sea stars (see diagram). 
The eversible cardiac stomach i anchored 
by stout cords to unusually large capitu la 
of the first ambulacral . Simple folded 
pyloric caeca have well developed 
Tiedemann's pouches along their oral sides. 
The intestina l (rectal) caeca are also well 
developed. These two truct ures, 
Tiedemann 's pouches and intestinal caeca, 
seem to be be t developed in sea star 
that employ a ci li a ry-mucoid type of feeding. 
A pair of lobular gonad are located in 
the angles between each a rm, and separate 
gonoduct connect each gonad to gonopores 
located on the edge of the abacti nal surface. 
The thin abactinal body wall is trengthened 
by prominent muscle bundles that radiate 
from a central point near the anus. 

Food, feeding, and nutrient stores 
Specimen of 0. l'alidus eem to be rat her 

un selective o mnivores that feed mainly on 
bottom detritus. Their att ract ion to seal. 
beef, or fish meat in traps suggests that they 
can also be scavengers. Moreover, 
specimens have been collected with their 
cardiac stomachs everted around sea urchins, 
amphipods, and shrimp. They al so often 
clump around , and feed upon , eal faeces, 
making one wonder what they would not 
eat! 

Detritus and small invertebrates such a 
crustacean s and snails are commonl y found 
in their tomach . In the summer numerous 
diatom s are also o ften pre ent in their 
tomachs. These small food materia ls are 

a lmost alway enmeshed in masses of 
mucus. The mucus is probably secreted by 
the everted cardiac tomach where it can 
entangle mall food particle . The mucus
food mas then pas es through the mouth 
and into the pyloric caeca along the 
Tiedemann's pouches to be sorted and 
dige ted. 

The pylo ric caeca are the main digestive 
and nutrient storage organ o f ea- star . 
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On a dry weight basis, pyloric caecal lipid 
and carbohydrate content in 0. l'alidus 
ranges from about 15-25 per cent 
and 2-12 per cent, respectively. In areas 
of high plant production. such as at Cape 
Evans in McMurdo Sound, the pyloric 
caeca nearly double the ir size during the 
summer when they accumula te the e 
tores. Carbohydrate content (mai nly 

polysaccharide), in particular. increases by 
nearly 500 per cent. Accompanying these 
increases, there is an accumulation of 
chlorophyll derivatives that give the p yloric 
caeca a deep-green tinge. The ize of the 
pyloric caeca, and the amount of their 
accumulated stores. decrease during the 
winter after diatom production has ce-a ed. 

Little easonal change occurs in pyloric 
caeca size or composit ion in areas where 
summer benthic diatom production is 
relatively low, uch as near the ice-locked 
southern end of M cM urdo Sound. 
Moreover. there is little trace of green 
chlorophyll deri vative in the pyloric caeca. 
Animals in these areas have a pale coloration 
in marked contra t to the deep red and 
orange colours of the animal s feeding on heavy 
diatom concentration . T he red and orange 
colours are likely to be due to carotinoids 
of plant origi n. Specimens of 0. l'a/idus 
have never been collected from under the 
permanent ice cover of the Ross Jce Shelf 
south of M c M urdo Sound: perhaps o me 
plant food is necessary for the maintenance 
of the popu lations. 

Reproduction 
The sexes of 0. l'alidus are eparate. 

Spawning occurs onl y during the winter 
mon ths between late May and mid
September in McMurdo Sound. Spawn-out 
seems to be gradual becau e the gonads 
slowly decrea e in size. Gametogene i 
begins some 18 month to 2 years prior 
to spawning, and the gametogenic cycle 
overlap so that gametes dest ined to be 
spawned for two or three uccessive an nual 
spawning period can a lways be found in 
the gonad . In full-grown females two o r 
three d iscrete ize classes of oocytes, re
pre enting yea r classes, a re a lways present. 

The beginning o f oocyte growth occurs 
primarily in the summer mo nths, and, 
during the first year of oogenesis. many 
mo re oocyte are formed than actually 
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complete growth . Abo ut 20 per cent of 
the oocytes gro w ra pidly to full size 
during the second year, while the 
rema inder disintegra te. The ovarie (and 
te te ) o f 0 . ralidus, unlike those o f ea 
urchins a nd some other ea tars. conta in 
very few no n-gametogen ic " nur e ·· ce ll : 
a ppa re ntly many oocyte act as n utrient 
cell fo r o the r growing oocyte . 

T he izes of the gonad vary sea o na lly, 
increasing during the um mer whe n 
ga me togene is seem most acti ve, and 
decrea ing durin g the winter sp awn-o ut 
period. T he gonad . like the pylo ric caeca. 
a re u ua ll y much la rger in area o f high 
dia to m product io n than in a reas o f lower 
production (Ca pe Evan a contrasted with 
Mc Murdo Sta t ion in McMurdo Sound), o 
that the amount of gamete produced seem 
di rectly pro po rtio nal to t he abunda nce of 
food. 

Alth ough to tal ga me te production is 
rela ted to the a mo unt of food pre ent. the 
tim ing o f both gametogene i and spawning 
i very imilar a mo ng di iTe rent population 
in Mc M urdo So und . Mo reover, oocyte 
ize cla ses in gonada l a mple taken from 

the Ba lleny Islands (66 S.), Ro bertson 
Bay (71° S.), a nd Ha llet Statio n (72 S.) 
a re nearly identical to compara ble sample 
taken fro m McMurdo So und (77° S.). Thi 
s imi larity over such a wide la titudina l 
ra nge uggests tha t gametogenesis and 
spawning a re synchronized in the pecie 
thro ugho ut its Anta rctic di st ributi o n. 
Sea o na l fluc tua tio n o f light a nd tempe ra ture 
diffe r ma rkedly in the e different a reas, 
ma king it unlikely that uch fac to rs are 
im porta nt fo r synchro niza tio n. (The un 
never sets fo r mo re than a day at the 
Balleny I lands, while it i below the horizon 
fo r 2! mo nths a t M c M urd o So und. ) The 
o ne ea o na l cha nge tha t seems to be 
imilar in t ime thro ugho ut Anta rctic wate r 

i the peri od of phytoproduc tio n : bloom 
occur fa irly sudde nly during the mid-
umme r mo nth of ovem ber o r December. 

Pe rhap the ma rked ea ona lity of 
phytoproduction so me how direc tl y 
sy nchro nize game te productio n. 

Development 
A in most o ther sea ta r . egg a nd sperm 

a re re leased free in the ea where fe rti liza tio n 
take place. Ea rly embryology p roceed s 
thro ugh tages that a re typical of sea sta r 
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with "indirect .. d evelo pment. The egg a re 
a bo ut 0· 1 mi llimetre in diamete r a nd d ivid e 
co mpletely and equa ll y to form a much 
convoluted ho llow ba ll o f ce ll s. After 
a bo ut 7 d ay this convoluted blastu la 
ro und out in to a p herical bla t ula 
(coelobla tula), the fert ili za ti on membrane 
b reaks down. a nd the embryo swim free. 
Ga t rula tio n and la ter d evelo pmenta l stage 
proceed lowly: it i no t unt il the econd 
mon th a fter fe rt ili za tio n that a feedi ng 
ea rly bi pinna ria tagc is reached. Fu rther 
develo pmenta l stages a re unknown. 

The slow ra te of early d evelo pment i 
pa rtic ula riy nota ble. In fast de\eloping 
!>ea ta r . such a Luidia sarignyi o f the Red 

ea (at a bo ut 30 C), ga t ru la tio n occu r in 
le s than a d ay a fte r fe rt iliza tion and the 
b ipinna ria is formed by the econd d ay. 
Gast ru la tio n occur in the previo usly known 
lowe t develo ping sea ta r, Por·ania pulri/lus 

of Scotla nd (about 15 C). in 3 to 4 day 
after fe rtiliza tio n, and the bipinnaria 
develop in 7 to 10 day . ot o nly i t he 
developmen ta l ra te o f 0 . ralidus not 
tempera tu re ad a pted. but the time to reach 
the bipinna ria i exceptiona lly low. T he 
low ra te o f develo pme nt of 0 . ra/idus 

pl ace the feeding la rvae in the early summer 
when pla nt food i ava ila ble, even though 
spawning occu r in mid -winter. 

The behavio ur o f the embryo a nd la rvae 
is a lso unu ua l : they remain cl ose to the 
botto m of culture di hes. M oreover. they 
have neve r been collec ted in the plan kto n. 
Such behavio ur sugge t tha t they a re 
ma inly demer al in ha bit , and feed and 
develop while swi mm ing d o e to the bo tto m. 
The feeding plutei la rvae o f the comm on 
Antarctic ea urchin, S terechinus newnayeri, 
a l o pro ba bly a re demersal. In po la r seas, 
uch a the Anta rctic. a pelagic larval habit 

appare ntly is hazard o us because of ice a nd 
low urface salinitie , and ma ny other 
le common echinode rm brood thei r larvae, 
thus keeping them com ple tely o ut o f the 
pla nkto n. Feeding d emersal larvae tha t 
have lo ng develo pme nta l times probably 
represent an ada ptive "compro mise.. tha t 
keep larvae out of hazardo u pelagic 
cond itio ns but a llow for wide dispersal. 
In accord ance wi th uch a hypothe i . 0. 
ra/idus and S. neumayeri a re bo th amo ng 
the mo t widespread and commo n of the 
Ant a rctic echi noderms. 
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Growth and age 

Oogene i begin when specimen s of 0. 
ra/idus arc about 3-5 gra mmes wet weigh t. 
and spawning first occurs when about 5-8 
gramme wet weight i reached. Because 
oogenesi require nearly 2 years for 
completio n. 0 . ralidus may grow at the 
ra te of o nly 1-2 gramme per year and are 
omewhere between 3 and 6 years old a t their 

first spawning. The majority of pecimen 
col lected fro m McMurdo Sound weighed 
about 25-30 grammes indicating an a ve~·age 
age of perhaps 20 year . Some specimens, 
however. weighed nearly 100 grammes, and 
may have been between 50 and 100 year 
old. The c age e timate are ba ed on 
the assumption that growth i!> constant 
and linear in time. lt almo 1 certainly i 
not: in o ther ea tar that have been 
studied, growth nearly cea e after "full'' 
size i!> reached but the ani mals co ntinue 
to live and produce gametes fo r ma ny 
ucceeding years. lt is probable that many 

specimens of 0 . ra/idus urpass I 00 years 
of age and the turnover of individual in 
a populatio n i!> very low. 

General ecological considerations 

0. ra/idus is found mainly fro m the 
horeli ne down to about 50 metres depth 

on the we t coa t of Ross Island in Mc Murdo 
Sound. From the shore to about 20 
metre . the bo tto m i rela tively barren and 
con ists of ba altic gravel and boulders. 
Common large animal occu rring in thi ~ 
area wi th 0 . ralidus include ea urchins 
(Sterechinus newnayeri). giant i opods 
(Giyptonotus antarcticus), large ribbon worms 
( Lineus corrugarus), and fish ( Trematomus 
bernacchii). At Cape Evan s, nails 
(Neobucciw11 eatoni) and leafy red algae 
(lridoea and Phy llophore) are also abundant. 
Below abo ut 50 metre . the fauna beco mes 
much more diver e and con i ts mainly 
of large ilicio u ponges. a Icy onarian , 
ectoproct . tubicolo us polychaete . and 
associated infauna . 

The shallow coasta l area down to about 
15-20 metres is a particularly un table 
environment. C o n iderable freshwater 
runoff o ften occur during the summer 
mo nth . Perhaps indicating adaptatio n to 
occasio na l peri od s o f dilutio n. specimen 
of 0. ralidus un i' e and show little volume 
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increa e when kept in ea-water diluted 
50 per cent with fresh wa ter fo r over 24 
hour . 

During the late summer a nd winter, icebergs 
and storm-to ed icefloe cour the shallow 
sea bo tto m. Moreover, la rge ma es of 
anchor ice fo rm o n the shallow botto m 
during the winter and are released to float 
to the under urface o f the fl oating sea 
ice in the early ummer. Animal rn the 
area, including 0. ra/idus. occa io nally are 
trapped in the e rising mas e of ice crystals 
and frozen into the sea ice above. 

0. l'alidus eem to be rema rkably free 
of both predator and commensa l . The 
o nly commensal so far fo und a re everal 
species of ciliates occurring in the tomachs 
of abo ut 5-15 per cent o f the animals. r 
never found any predatio n o n 0. ralidus, 
a lthough a photograph in the March-April, 
1968, is!> ue of the U.S. Antarctic Journal 
show a pecimen of 0. ''alidus being a ttacked 
by a ea anemo ne. 0 . ralidus therefore 
eem to be a species near a to p trophic 

level in the relatively imple enviro nment 
of the shallow Antarctic ea . Co mparative 
tudie in McMurdo Sou nd uggest that 

population ize i regulated partly t hrough 
the effect of food abunda nce o n gamete 
production. Much more co uld profi tably 
be studied on this re latio n hip between 
food abu ndance and gamete production, as 
well a s on growth rate. turnover, 
synchroniza tio n of reproductio n. and larva l 
eco logy. 
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BOOK REVIEWS 
FI ELD G IDE TO T ilE AL PII E PLA T OF 

EW ZEALA ' D. by .J. T. a lmon. A. H. & A. W. 
Reed Pty, Sydney, 1968: 327 pages, 477 coloured 
plates, 2 maps. Price, ~5.60. 

Anyone "ho bu)S this a llracti \e lill lc book to 
enjoy the pictures is u nliJ..ely to be d isappointed, 
tho ugh he will occasionally be misled by a pla te 
tha t is la rger than life. But Profes or Salmo n does 
not yield too often to this tem pta tio n. Most of his 
colour-photographs do not exaggerate a t all. and . 
in any ea e. t here a rc measurement s in the text 
beneath. A ustra lians may conclude tha t there is 
nothing that surpasses their own alpine eyebrights 
fo r colou r. o r a lpine bullcrcup and hclipte rum fo r 
distinction. but they must ad mit tha t the rcla ti ,cly 
extensi'e alpine area of ew Zea la nd offers variety. 
Admi!lcdly, in most genera the pollinato rs have 
favo ured a glea mi ng wh ite, but the fruits ha\C a ll 
the colours tha t the flowers lack, a nd s tems and 
fo liage are often hoary or tawny, e'en brill iant red. 
Many of these pictu res show how perfectly the ha bit 
fit s t he sell ing. 

A a look-and -say manual fo r identification this 
book. ' ' ith its ecologica l classifica tion, should a lso 
uccccd \ery \\CII, and it may well gi'e ew 

Zea landers suffic ient knowledge to crea te a dema nd 
for somethi ng more tech nica l. The brief descr ip
t ions here make lillle allcmpt to cmphasiLC key 
charactcri tics. You will not learn to te ll a 
pentacho ndra berry by its pips, o r tha t " rock 
snowbcrry'' bears a completely dry fru it. 

This bring up the q uestion of popula r names. 
Pro fessor Salmon is eo m inced tha t there must 
a lways be o ne. But it is o nly fo r the commonest 
plants tha t they acquire p recision . Even he cannot 
decide whether Dacrydium bidu·illii sho uld be " bog" 
(page 316) or " mou nta in '' (page 74 ) pine, and why 
use " m o unta in tota ra" fo r Podocarpus ni1·alis when 
P. /101/ii has a lmost as good a c laim, a nd snow 
tota ra wo uld be unambiguo us? There is surely 
lillle advantage in the longer Maori names 
(hunanga moho, panakena kc) or in " north-west 

elson gentian" and the like, but "speargrass", 
" woolly hcad'', e' en "Haast's carrot" ' may help the 
layma n to begin to kn ow o ne plant fro m ano ther . 
The book as a whole will certa inly do so, a nd it 
will please the mo re sophisticated much more than 
it will a nnoy them.- G. T. S . Bay/is. 

A TREASURY OF AL' TRALIAN WILDLIFE, 
edited by D. F. M cMichael ; Ure mith. Price, 
$7.95. 

For 48 yea rs the Austra lia n M uscum has pro
duced it s quarterly maga.dnc. During th is time 
the a rticles ha\e ranged O\Cr ma ny interesting items 
o f t he Austral ian em ironment, pa rt icularly its 
fauna. Fo r teachers in part icu lar, it o ften provided 
the on ly up-to-da te info rmatio n o n ma ny aspects 
o f zoology. Howc,cr. back numbers are not easy 
to obtain. so with this in mind a c ros -sectio n of the 
a rticles has been p ubli hcd in book form. The 
editor, Or D. F. Mc Michacl , had t he problem of 
ma king the best sampling o f the riches ava ila ble. 
lt must have been a d ifficult task deciding wha t had 
to be left o ut. 
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A glance at the contents page sho"~ that \\ith 
the mam mals a good coverage has been managed. 
The birds, with their greater n um ber of species and 
di,crsity, only featu re a few groups. The reptiles 
ha'c a more adequate co,cragc. With the imcr
tcbrates it was a ma!lcr of sampling tho e major 
grou ps in which most people arc inte rested. 

Howc, cr, to remedy these deficiencies the editor 
has. in each sec tio n. added a summary packed with 
information to senc as an introd uction. Also. in 
all the a rticles the info rma tion ha been brought 
up-to-date by the ad d itio n of ma teria l obtained 
ince the a rt icle was first wrillcn. The illustrations. 

in both black and white and colour, are upcrb and 
enhance the text. T he result is a satisfying piece 
o f work. 

There a rc a few wcaknes c in the book. I 
found the glo sy paper , tho ugh giving high qual ity 
in the p ic tu re . maJ..es fo r sl ightly less easy reading. 
Also, the capt ions for the colo u r blocks ha'e been 
run together in a most confusing way, though 
there was am ple space for these to be spread out. 
In addition . the lack of an index maJ..cs finding 
informat ion difficult, though the con tents page does 
indica te the broad areas of in terest. In a second 
ed ition and a wo rk o f this va lue should soon 
ach ie'e this- an index should be added. 

In conclusio n, it is a book ' ' hich can be recom
mended for all prima ry and secondary school 
l ibraries, as well as the librar) of the naturalist. 
T he layman '' ill also find the articles in general ea y 
a nd enthralli ng reading. 

l t is to be hoped tha t in the years to come more 
o f the best a rtic les in the magazi ne Ausrralian 

arural 1-/isrory will be published in this way 
Vincenr Sen•enry. 

FLOWERS At D PLA TS OF VICTORIA, b) 
Cochra ne, Furher, Rotherham, and Willis. A. H. 
and A. W. Reed, Sydney, 1968; 2 16 pages. Price. 

9.95. 
There a re many books in print abou t Austral ian 

plants, most covering only a very limited section of 
the flora or o nly a limited a rea of a ny one Sta te. 
Howe, er, this p ubl ication dea ls with all t he ecological 
a reas of Vic to ria a nd a la rge pro po rt ion of the flora 
of each a rea. The a reas covered arc: hcathla nds. 
G ra mpia ns, Malice, a ll-ma rshes, detached gra nite 
hills and o utc ro ps, rocky gorges a nd esca rpment . 
basalt pla ins, swamps, streams. river ban ks, coastal 
d unes and c li ffs, box and ironbark fo rest o f the 
goldfie lds, stringybark and pep perm illl forests. 
mo untain fo rests, fe rn-gul lies, East G ippsland and 
a lp ine areas. 

Probably the most striking aspect of the whole 
book is the q ual ity of the colour pla tes. O bviously, 
the original transparencies must ha'e been as 
excellent for them to ha\e prin ted so well. T his i 
to the c redit o f the photographers. Details of 
pla nts, incl ud ing flower struc ture, a re clearly shown 
in many o f the pla tes, a fac tor which adds to the 
'alue of this book for both a mateur and pro fessional 
botanists. 
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The di' ision of the State into broad ecological 
areas "ith a co\erage of each area photographically 
is a much beller method of pre enting the flora of a 
State than by a purely taxonomic arrangement, 
which often only confuses the amateur instead of 
in tructing and in~truction should be the prime 
purpo e of a publication of this nawre. 

The descriptions and general information abou t 
each species illustrated a rc "ell compiled and 
prc ented, due, of course, to the cxtcnsi'e knowledge 
and field experience of the author, J. H. Willis. 
There arc a fe" additions "hich could be made to 
the range of occurrence of some specie . e.g., 
L eptomeria aphyl/a (plate 87) also occurs in ew 
South Wale and Western Au tralia. 

There arc one or t\\O a pccts of layout a nd 
presentation "hich, in m) opin ion, could be 
impro,ed. The use of the common names of the 
plants in t\\O places i unnecessary: repeating the 
plate number preceding the botanical name would 
ha\e been sufficient. This alteration would allow 

space for inclu ion of an appro,imate magnification 
factor under each plate. The use of phrases such 
as ··about natural size"", ··t\\ice natural size··, or 
just ··1x··. '"2X"", ··-tx·· etc. would add much to the 
'alue of the book, particularly for use by amateurs, 
'' ithout adding to the cost of publication . 

The te't "hich precede and folio" the ection 
of plates (a di tinct from the description of the 
plates) is quite "ell "rillen and informati\e, but is 
somewhat rambling, a problem always associated 
with general de criptions of areas of 'egctation . I 
would ha'e preferred more use of botanical names 
in this te-<t instead of common names. Although 
refe rence is made to the particular plate "here the 
botanical name can be loolo.ed up, I consider that 
the use of scientific names is more precise and 
effectual. 

The few a pects of the book ''hich 1 ha~c criticized 
arc relati,el) minor and in no way detract from m) 
earlier statement that thi i an excellent and useful 
publication . I hope to cc similar publications for 
other State in the near future. - D. F. Blaxe/1. 

MEET OUR CONTRIBUTORS • • • 
SUSA BULMER is affiliated \\ith the Department 
o f Anthropolog) and Sociolog) at the Uni,ersity of 
Papua and ew Guinea, Waigani, and during 
March , 1969, she was also a temporary Lectu rer in 
Preh istory. She fir t took up studie in prehistory 
''hi le a Fulbright Scholar at the Uni,crsity of 
Auckland, ew Zealand. In 1959 and 1960 she 
carried out the first field suney of sites and archae
ological c'ca\ations in the Austra lian ew Guinea 
Highlands. 

THISTL[ Y. HARR IS (Mrs Thi tie Y. Stead), 
B.Sc. (S)d.). M.Ed. (Melb.), \\a former!) Lecturer 
in Biological Science at Sydnc) Teachers College. 
She is Vice-Pre ident of the Wildlife Prcscnation 
Society o f Australia and the Wildlife Research 
F oundation of Australia. and is a Councillor of 
the a turc Conscnation Council and the Australian 
Conscnation Foundation. She is editor of 

aturecraft in Australia, and is the author of a 
number of publications, including Wildjlo11-ers of 
Australia, Australian Plams for the Garden, Eastem 
Australian 1Vild{lo11·ers. Australian Plant Ltfe, and 
Alpine Planrs of Australia (in pre ). 

RHYS JOt ES ''a born and bred in Wales. He 
rccci' ed a university education in England, where 
he read natural sciences and palaeolithic 
archacolog). He became a teacher of prehistory 
at the Uni,crsit) o f S)dney, and i now a Re carch 
Fcllo\\ in the Department of Prehistory, Au tralian 
'ational Uni,ersity. Canberra. Most of hi 

fieldwork has been carried out in Tasmania. where 
he ha~ excavated some archaeological ites. He 
has a general interest in human ecology and 
C\ olution. 

JOH S. PEARSE li,ed and worked at McMurdo 
Station. Antarctica, from member, 1960, to 
J anuary, 1962. After recei,ing a doctoral degree 
from Stanford ni,ersity. U.S.A., in 1965. based 
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on his \\Ork on 0. mlidus, he joined the American 
Uni,ersity in Cairo. Egypt, as an Assistant 
Profe sor. Work on reproduction of marine 
an imals was continued in Egypt with stud ies on 
tropical pecics in the Red Sea and Gulf of Suez. 
He left Egypt after the 1967 Arab-Israel i war to 
teach a t Stanford Uni,cr ity and Oregon State 
Universit), U.S.A. He is at present doing research 
on the regulation of reproduction in common sea 
urchins in Californian kelp beds. 

M. G. RIDPATH read zoology at University 
College, London, and graduated in 1952. He then 
joined the British Ministry of Agriculture. where 
he carried out re earch on the ecology and cont rol 
of va rious birds of economic importance, especially 
pigeons. He came to Australia in 1959 to become 
a member of the Di' is ion of Wildlife Re earch, 
C SI RO. He has been engaged in re earch on the 
ecolog). economic importance. and con en at ion 
interest of two birds- fir tly the flightless ati\C 
Hen in Tasmania, and now the Wedge-tailed Eagle 
in Western Australia. 

ALEX RITC H IE, Curator of Fossils a t the 
Australian Museum ince February, 1968, was 
born and educated in Scotland ( B.Sc. and Ph.D. 
Edinburgh , 1959 and 1963). He lectured on 
geology and palaeontology in the University of 
Edtnburgh ( 1960 63) and the University of Sheffield 
( 1963- 67). He ha worlo.ed on some of the earliest 
kno,~n 'ertebrates from the Silurian and Devonian 
o f Scotland and orway, and on the cur)pterid 
arthropods occurring with them. Field projects 
ha'e ranged from mapping in Arctic orway to a 
fish-collecting dig in the depth o f a defunct oil-shale 
mine in southern Spain. In Australia Or Ritchie 
ha continued collecting and studying De,onian 
fish, from western 1 ew Sou th Wales initial I), and 
hopes to extend these studies to other parts of 
Australia and to Antarctica. 
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