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Antarctica-Nature's Unique 
Laho1~ato1~y Scientific 

By PH ILLIP L W 
V ice-President, Victoria Institute of Colleges, Melbourne, and formerly Director of the Antarctic Division, 

Department of Extt>rna l Affa irs 

T H E motivation for Antarctic activitie 
ha varied over the yea r since the 

continent was firs t ighted in 1820. l n 
t he beginn ing the incentive was com mercial 
gain and the expeditions were largely 
organized and financed by sealjng and 
whaling enterprises. 

ext came the e ra of exploration. in 
w hich national a piration for colonial 
conque t played an important part. Before 
the exploration of Antarctica wa com pleted 
- in fac t, before little more than the fringe 
of the continent had been mapped- the 
advent of the International Geophy ical 
Year in 1957 made cienti fic di covery a 
major motivating factor in Anrarctic work . 

T he igning of the Anta rctic Treaty in 
Novem ber, 1959, pu hed into the back­
ground the 50-year-old internationa l 
competit ion a risi ng fro m ter rito rial claims, 
a nd the conte t changed to o ne in which 
t welve na tio n vied with each other to 
demonstrate t heir scientific a nd logistic 
competence in a ho tile environment. 

At pre ent, then, the urge fo r expeditionary 
activity i a lmo t comple tely cientific. So 
far. no re ource of immediate commercial 
s ignificance have been discovered . T he 
wha le tock have d iminished to a point 
where wha ling i carcely profitable any 
more and, a ltho ugh t here are great num ber 
of eat . their wide di per al m ake it 
unprofitable to hunt them . No o re bodies 
have been d i covered , let a lone a ny of 
ufficient ize to ju t ify e tabl ishing a mining 

jnd u t ry. 

E xpanding scientific interest 
But. c ien ti fica lly, Anta rctica is a treasure 

house of riches. In a n age when scientific 
research ha been extended to the second 
a nd third orde r of d ifficulty, he re i a regio n 
in which m uc h cream , a t a level of p rima ry 
simp licity, remain to be skimmed off. 
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Antarctica orfen, unu ual 
dividends in mo t d i cipline 
inte rc t in the region ha 
expand and develo p. 

and valuable 
and cient ific 
continued to 

W hy i this? T he rea on for the unique 
natu re of the re earch opportu nitie a re 
largely geographical. The d i tri b u tion of 
land and ocean in the Southern H emi phere 
i quite ditTerent from that in the Northern 
Hc mi phere. Instead of large continent 
e tendi ng toward the north with narro\J ing 
belt of ocean between and an oceanic 
ba in at the Pole, there are in the Southern 
Hem i phere wide wa tes of ocean sweeping 
uninterrupted around the world and wa hing 
o n the hore of a great polar continent. 

T hi distributio n and the comparative 
ymmetry of Antarctica re ult in a m uch 
im pler ystem of wi nds in the Southern 

tha n in the Northern Hem isphere a nd 
encourage meteorologists to attack broad 
problems of atmospheric c irculation. 

The An tarctic Convergence- that narrow 
region e nci rcl ing the globe at about 50° to 
55 S. la ti tude. where the cold Antarctic 
ocean water plunge belO\ the warmer 
temperate water- i a very rea l boundary 
infl uencing the di tribution of p la nkronic 
pecie . fi h, mammal , and bird . 

Oceanographically, the outhern region of 
the Indian, Pacific a nd Atlantic Ocean 
a re of t he grea te t in tere t. 

T he Anta rctic Continent it elf is unique. 
l t i the coldest. hjghest , driest. most steri le 
region on earth . In area 5t m ill io n quare 
mile , it i covered a lmost entirely with 
an ice sheet the average depth of which i 
about I mile. O ther Antarctic c ha racte r­
i t ic a re the unequal dist ri bution o f night 
a nd day, the convergence towards the 
magnetic pole o f line of fo rce of the earth's 
m agnetic fie ld , the i e lation of the conti nent. 
a nd the ab ence upon it o f land-ba ed 
anima l . 
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Difficulties obstruct research 
The prosecution of research in this 

interesting region is obstructed by numerous 
<l ifficu lties. C limatic conditions are severe 
with. intense cold and, in many places: 
hurncane-force winds; lines o f communi­
-cation between Antarctic research stations 
.and established centres of population on 
·other continents are long and fraught with 
l1azards; and the isolation of personnel at 

rations during the long, dark A ntarctic 
winter raises psychological problems. 
Antarctic research is thus a highly specialized 
business, and only long experience and 
meticulous attention to detail in the design 
-of equipment can produce results 
·commensurate with the expense of mounting 
expeditions. " 

Tn l967 there were ten na tions active m 

STATIONS IN 
PENINSULA AREA 

5 ARGENTINE 

6 BRITISH 
0 5 CHILEAN 

~· ' 

' o 

~H-----------~~ 

0 
0 
N 

ANTARCTICA 
SCI ENTIFIC STAT10NS 

OC--s=-~~500 
N'aut. M eles 
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Antarctica: U.S.A. , U.S.S.R., Britain, 
France, Japan , New Zealand, South Africa, 
Chi le, Argentina, and Australia. Two other 
nations active during the International 
Geophysical Year- Norway a nd Belgium­
have temporarily withdrawn. The scientific 
stations operating in 1967 are hown in the 
map on this page. The remarkably uniform 
distribution of stations is not fortuitous but 
the result of Internatio nal Geophysical Year 
planning. The in ternational co-operation 
developed during that period has been 
extended a nd firmly established. 

One of the special committees of the 
International Council of Scientific Unio ns 
is the Scientific Committee on Antarctic 
R esearch (SCAR). Twelve delegates, one 
from each of the nations listed above 
meet together, wi th t he ir advisers, one~ 

e AMUNDSEN-SCOITT 

eVOSTOK 

0 
0 
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every 2 year to arrange for adequate 
exchange of information. to propo e future 
programme . and to facili tate internatio na l 
collaboration and assistance. 

Thc.,c mar'> show how different i · the distribution 
of land and ocean in the Southern Hemisrhcrc 

to that m the onhern Hcmi~phcrc. 

AFRICA .. 
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Much cartography yet to be done 

All major feature of Antarctica have 
now been mapped in general o utline and 
there are few area of it urface that have 
no t been ighted . Much detailed 
cartography o f rock expo ure a nd mo untains 
remain to be do ne. a lot more work i 
needed on the contour of the ice ~urface 
o f the plateau, and o me difficult ice coasts 
require inte rpretation before they ca n be 
accurately portrayed on chart ; but the 
overa ll picture i well establi hed . 

Such mapping ha been a pre-requisite 
for many cie ntific tudie . no tably geology, 
biology, and glaciology. and for thi rea on 
it was gran ted high priority. AI o. the 
national pre tige to be derived from 
d i coverin!! a nd na rnin!! new feature 
encoura!!ed all the Antci'rctic natio n to 
push o n- vigoro usly with exploratio n. 

Au ·tra lia. ' hich clai m a large ecto r o f 
Antarct ica and which entered the Inter­
na tional Geo phy ical Year with a lo ng and 
proud tradi tio n of Antarctic exploration 
and re ·earch, ha produced cartographic 
re ults that tand compari o n with tho~e 
o f any o ther Antarctic na tio n. In Antarctic 
meteorology. geology. bio logy, geophysics. 
and physiology Au tralian scientist have 
shown the energy and adaptability that 
cha racterize their work i11 o ther fields. 
They have participated in a mo t rewarding 
and exci ting era. during which a virtuall ) 
unknown continent ha been opened up a nd 
inve -tigated wi th a concentra ted intensity 
never before applied to any single region. 

o,: tha t the attention of c ie nti ts ha~ 
been directed to the ric h harve ts to be 
gleaned from Antarctic re earch, it can be 
expected that activity will continue at an 
und1mini hed level until. at o me time in 
the fut ure, the di covery of explo itable 
wealth open the way for ·till yet another 
phase of Antarctic development- the 
colo nizatio n of the regio n. 

[The m aps on pages 99 and I 00 were 
prepared by the AntarCiic Division, Depart­
of Supply.] 
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T ypical mo untai n cenery in Antarctica. \\ith rena Vallc) in the foregro und and peak flanking 
Ferrar Glac1er in the background. T hi a rea i~ pan of the region in which the author of thi articl~ 

worked. [Pho to: U.S. av) ir Force.) 

Mineral Resources and Geology 
By C. T. McELROY 

Director, Geological S urvey of ew South Wale , Depa rtment of M ines 

~ Y na tio n are carrying o ut re ea rch 
project in Antarctica, and va luable 

we, , " i being d o ne by the Au tralian 
National Antarctic Research Expedition. 
Au tra lian have a l o been · uppo rted fro m 
time [ 0 time by the U nited States Antarctic 
Re earch Programme. In the au tral 
ummer of 1964-65 and again in 1966- 67. 

two mall parties from the Univer ity of 
Sydney, t he University of New So uth Wa les, 
a nd the Geo logical Survey of New South 
Wale undertook geological work in 
Antarctica. In the fi r t ea on, D. Ander o n. 
B. Hobb . C. McElroy. a nd P. William 
carried o ut structural a nd tratigraphic 
tudies in the area west of McMurdo Sound, 

December, J 968 

and in the econd ea on, J. Bryan, C. 
McEiroy. and G . Ro e made detai led 
t ructural tudie in Arena Valley, a small 

part of the previo u ly examined a rea. 

Much o f thi article i ba ed o n the 
finding o f these jo urney , a nd it is e pecially 
desired to record the det>t of grat itude 
owed to the National Science Foundation 
and the United State Navy Ajr Fo rce fo r 
t he suppo rt received . Pub1i hed literature 
ha been freely drawn upon and the reader 
i referred to the work of Harringto n ( 1965) 
and Warren (1965) for fuller account of 
certain sectio ns of the geology and fo r 
morpho logical aspects no t con ide red here. 
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~ineral resources 
Or A. P. Crary, Chief Scientist, Office of 

Antarctic Programmes, ational Science 
Foundation of America, recently gave an 
add re at M cM urdo Ba e to a group of 
VISiting cienti t and politician . In the 
course of this address. he wa a ked the 
inevitable que tion as to the potential for 
economic development of Antarctic minera l 
resource . He repl ied to the effect that if 
the mo t profitable mining operation in 
the world today were transp la nted to 
Antarctica, it would no longer be a paying 
p ropo ition. Quite simply, this is a function 
of transporation difficulties to. within, and 
from Antarctica, together with the problem 
of working year-round in the unpredictable 
Antarctic weather conditions. Neverthele , 
it is possible to envisage that an exceptionally 
rich depo it of a valuable metal or preciou 
tone might prove to be workable. At the 

pre ent time, however, although there are 
trace of a number of metals in cattered 
localitie . the re are no significant find of 
mineral to foster the hope that a re e rve 
again t the depletion of the world's mineral 
re ource exists in Antarctica. 

lt might be aid that one has read of 
"thick coal seams in Antarctica··. Un­
fortunately, most of the coal exami ned to 
date has proved to be very inferior in 
quality, thin, and of limited latera l extent. 
Commonly it has been affected (baked. in 
fact) by the occurrence nearby of masse 
of dolerite, which, whi le in the molten 

Sandstones (almost white) 
and shales (thio dark 
bands) in the lower 
cction and in patches, 

much disrupted by in­
truding dolerite (dark grey 
and black, at top and in 
centre). The width of 
the photographed area is 
80 feet. [Photo: Author.] 
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tare, intruded the coal-bearing ediment . 
sometimes \Vith violent di p lacement. a 
hown in the photo o n this page. 

Clearly, depo it of the fuel s, coal, oi l 
or na tural ga , would be mo t u~cful o n the 
pot, providing discovery d oe not come 

too late, as already a mall nuclear power 
plant at McMurdo i both upplying 
electricity and de alinating ea-water for 
domestic use at the base. 

Geology 
Although ignificant advances have been 

made in geological knowledge in Antarctica. 
the proportion of the continent that ha 
been examined in the detail desired by 
most geologists is mall indeed. 
Nevertheles , a basic as e ment of the 
geological history ha been built up from 
the rock equence so far investigated. 
Brief comment follow on the nature of 
the e equences. For convenience. these 
will be grouped into even units, which 
will be di cu ed in turn, commencing far 
back in geological time. 

Unit L 

Oldest of all, is a Basement Complex of 
o lder Precambrian age: the age o f these 
rock , based on potassium/a rgon and 
rubidium/strontium methods, is placed at 
a minimum of some 2,000 mill ion years. 
There are now to hand quite a number of 
age determination in the range 1.000 to 
2,000 million years for thi complex. The 

AusTralian NaTural Hisrory 



Sandstones of the Beacon 
Group, Arena Valley. 
T he peak on the right is 
East Beacon Mountain, 
over 8,000 feet above sea­
level. Note the extensive 
int rusion of dolerite sills 
(dark grey layers near top 
and at right, middle 
ground). The floor of 
the valley is 4,000 feet 
above sea-level. [Photo: 

Author.] 

complex includes highly metamorphosed 
sediments, schists, gneisses, and ancient, 
much altered basic volcanic and intrusive 
rocks, with veins of aplite and pegmatite 
in places. The rocks are h ighly fo.lded a nd 
the relationships between the various units 
are mostly obscure. 

Unit 2 

Overlying the Basement Complex is a 
substantially younger unit, probably not 
much older than 600 o r 800 million years, 
that is, of younger Precambrian and 
Cambrian age. This has been called the 
Ross Supergroup and it comprises folded 
quartzites, greywackes, limestones, marbles, 
and a rgillites (impure, silty, somewhat 
metamorphosed sediments). These rocks 
conta in Cambrian trilobites and other 
invertebrates, but of special interest is the 
occurrence in places of the sponge-like 
Cambrian fossil Archaeocyathus, a widely 
distributed diagnostic fossi l, which is best 
developed in rocks of similar age in South 
Australia and Central Australia. In recent 
years, the same fossil has been d iscovered 
in far western New South Wales. 

Unit 3 
All the fo regoing r ocks, from older 

Precambrian to Cambrian, have been 
intruded by granite, granodiorite, and gneiss, 
most of which are of early Palaeozoic age, 
that is, around 500 mill ion years. The 
units so far mentioned, 1, 2, and 3, may 

December, 1968 

together be considered as a nucleus that 
formed an older Anta rctica, which suffered 
fold ing, uplift, and subsequent erosion. 
Over large areas the surface was p laned 
almost flat by the agents of weathering­
presumably water, wind, and possibly ice. 
Onto this penepla in, as it is called, was 
deposited the fo urth unit in the sequence. 

Unit 4 

The Beacon Group is a flat- lying unit 
having a total thickness of at least 8,000 
feet, although the remnants of the sequence 
at any one locality aggregate less than 
5,000 feet. The most important rock type 
of the group is medium to coarse-grained 
sandstone, which occurs in layers hundreds 
of feet thick. In places, successive layers 
fo rm sheer cliffs over 1,000 feet in height. 
The p hoto on this page illustrates this feature. 

lt might be noted that the rocks are the 
same type as the Hawkesbury sandstone of 
the Sydney district, although the Antarctic 
rocks pictured a re in fact much older. 
It is now established that the age of the 
Beacon Group extends at least from the 
Lower Devonian to the Jurassic Period, 
that is, from a bout 400 to 150 million years 
ago. l t may be o lder, but no foss ils older 
than Lower Devonian have yet been found. 

Among the more interesting aspects of 
the fossi l record are fish remains of Middle 
or Upper Devonian age. Many of these 
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pnmittve fish had small polygonal plates, 
instead of "conventionar· cales to protect 
their bodie . Different specie had 
characteristic ornamentation, as is illu t ra ted 
in a specimen (see photo) collected fro m 
ALtec Mountain near the Beacon Valley. It 
is a lso of interest that fossil spores and 
pollens of , imilar age have in the last few 
months been identified from fine sa ndstones a 
few feet above the fish-plate ho rizon in the 
same locality. 

l n addition, there a re enormous number 
of "trace-fossi ls'' or "problematica ., , re­
presenting tracks and trail o r burrowi ngs 
of ancient o rgani m , but the precise origin 
of these is not known. Some of these 
a re hown in the p hotos on the next page. 

Great intere t has often been expressed 
in the record of coal in Antarctica, and 
especially the as ociation of the fossil leaves 
Glossop1eris and Gangamopteris a nd other 
plant which are so prominent in the Permian 

Plate from the ""armour"" of a fossil fish. about 
350 million yea r old, of Devonian age, collected 
from Aztec Mo untain in January, 1967. The 
width of the plate is about J ·5 cm (about th ree­
fifths of an inch). [Photo: J . M . Hamilton.] 

Coal Measures of Australia, lndia, South 
America, and South Africa. Economic 
aspects of the coal have been referred to 
above. but here we migh t pause to reflect 
upon the fact that the fossil record of 
abundant plant life in part of Antarctica, 
where now nothing grows, points to a 
milder climate in the past- in th is case, 
ome 200 millio n years ago. There a re 

also spore and pollens o f Triassic age, 
180 mi llio n years o ld. identical to those 
in rocks from the Sydney district. 
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Other evidence, includ ing that deduced 
from geophysical studies, suggests that 
Antarctica lay at variou latitude nearer 
the eq uator at different stages of its history. 
The extensions of this evidence and the 
di~tribution o f the Glossupreris­
Gangarnopteris flo ra, together with many 
other arguments, have led many geologi t 
to believe that the southern continents 
and India were once united in a great land 
mass to which rhe name Gondwanaland has 
been applied. At the same time. it must 
be pointed out that many other geologists 
have raised objections to the concept of 
"continental drift" and have been at pain 
to point o ut that there are many differences 
in the rock a ociation and geological 
histories of the G ondwanaland components. 
The ubject remain an ab orbing controversy 
with interest currently a t a high level. 

Other rock of the Beacon Group include 
red, green, and grey shales and siltstone ; 
fine conglomerate are well developed in 
the upper part of the equence in the Beacon 
Valley area. 

Another coarser conglomeratic ho rizon 
in places occur between rocks of Devonian 
age and rocks of Permian age. lt appears 
that this may be a record of active erosion, 
which was taking place during or just after 
the Carboniferou Period, as there are no 
known sedimentary rocks of this age in 
Antarctica. 

Rocks composed of debris formerly 
carried by glaciers, termed till ites, are found 
in some localities in the upper part of the 
Beacon Group. However. it is believed 
that mo t of the group wa deposited under 
shallow marine condi t ions, a lthough positive 
evidence i not to hand. The coal-bearing 
section was a lmost certainly deposited under 
freshwater condi tions. 

Although the Beacon G roup is essentially 
flat-lying, in place great blocks, who le 
mountain in fact, have been displaced 
hundreds of feet vertically, the movement 
going hand-in-hand with the invasion of 
mas ive ill of dolerite. Some such sill 
and other wall-like intrusions of dolerite 
may be seen in the photo on the previous 
page. Furthermore. in Arena Valley there 
are many hundreds of feet of fo lded a nd 
tilted sediments sandwiched between fiat­
lying units. It is believed that these 
structures. unique, as far as is known, i n 
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Antarctica, re ulted from gravitat ional 
... lumping at the time of depo ition of the 
'>ediment . The movement and ub equent 
deformation \\ere po ibly triggered-off by 
-.light earth ne\ure at the time. 

Unil 5 
The great invading heet ( ill ). wall-like 

ma. !:.e (d) ke ), plug and irregular bodie~ 
of doleri te to v. h ich reference ha. been 
made have been called the Ferrar Dolerite. 
The e are of Juras ic age. and, together 
with a. ociated volcanic rock , may be 
rega rded as the fifth unit in o ur discu ion. 
The 'olcanic rock compri e ba a lt . which 
v.cre poured out o er the land urface of 
the time, and other rock formed of 
fragmenb depo. ited after ejection from 
volcanic vent~. 

lt i of intere t that there i almo ·t no 
'i ible evidence of change in either dolerite 
o r and tone a t the junction between the 
tv. o. and it mu t be remembered that va t 
ma se of molten rock were involved, which 
make the lack of metamorphic effect. 
remarkable. However. the tate of 
pre ervation of pore and pollens in the 
edimentary rock and the rank of the coal 

appear to have been ub tantially affected 
by thi. activi ty. 

Unit 6 
In Graham Land. the peninsula of 

Antarctica that !retches toward the outhern 
tip of So uth America. occur exten ive 
depo it of Juras ic and Cretaceou halcs. 
lime tone , and coarse and tones with bed · 
of both fre~hwater and marine ongm. 
The la tter include mo llu c . brachiopod , 
annelid . and ammonite . There arc 
a ociated volcanic rock . but more wide­
pread are granite and gabbro which 

invaded large areas, replacing rocks of the 
Jura sic and Cretaceou equence. The e 
rock are very !:.imilar to ome of the granitic 
uite of the South American Ande . 

Unit 7 
The last unit we di cus take us from 

ome 80 or 90 million year ago, in the 
Tertiary Period. up to the pre ent day. 
The rock include calcariou and., 
conglomerates. si lt . and green ands. They 
a re characterized b) a rich fo il flora and 
fauna. and in place there are penguin 
remain dating back million. of year . 

Derember. 196 

The e two photos hO\\ trace-fossils from ro k-, 
of the Beacon Group. Devonian age. The 
marl.ing., rcprc ent track . trail , and burro'' ing 

of ancient organi ms o f uncertain t) pe. 
[Photo!> : Author.] 

Among the mo t recent . ediment . perhap 
les than I or 2 million year old. a re 
depo its. many of them of marine origin. 
which are now ituated at height ranging 
from a few ten of feet to nearly 2.000 feet 
above pre cnt ea-level. lt i clear that in 
the nea r geologic pa t there wa an uplift 
of the land rela tive to ea-level, and one 
ca n but speculate on the true origin of thi 
movement. 

Was the ri c due to the unloading of 
enormous thickne e of ice in the pa t. 
the land risi ng a a hip ri e a it i 
unloaded ? Wa ' it uplift occasio ned b) 
forces having their origin deep with in the 
mantle of the earth ? 
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Perhaps equally a exciting is the evidence, 
not only of volcanic activity in the near 
pa l. but at the present day. Unti l very 
recently it wa thought that magnificent 
Mt Erebus, rising pure-wh ite from McMurdo 
Sound to a height of over 13,000 feet, wa 
the only active volcano in Antarctica. 
H owever, two more volcanic centres have 
now been found and doubtle s others wi ll 
be discovered a exploration proceed . 

Earlier it was mentioned that extensive 
gaps in our knowledge of Antarctic geology 
exi t. However. a start ha been made 
to fill some of the e gaps. 

Particu larly appropriate to Antarctica are 
the words of one of the earlie t An tarctic 
worker , Profe or Sir Edgeworth David. 
Writing in the early thirtle on the in­
completeness of knowledge of A ustral ian 
geology, David referred to the " . . ta le 
which wi ll urely never all be told. Yet just 
therein lie it charm, for it i full of the old, 
but for u ever-new, ever-changing, yet not 
' holly elu ive, my tery and wonder of the 
world around u . To attain to ab olute 
tru th we neither a pire nor de ire, content, 
however faint and weary, to be ti ll pursuing, 
for in the pur uit it elf we find an exceeding 
great reward"' . 

METEORITE DISCOVERIES 
During the period 1911- 19 14 the Austra l­

a ian Anta rctic Expedition, under the leader­
hip of Sir Dougla Maw on, wa carrying 

out its work in the Antarctic. 
On 5th December, 19 12, the Western 

Sledging Party et out from the main base a t 
Cape Deni on. About 20 mile from the 
ba e they were travelling over an entirely 
now-covered urface with no rock expo u re 

whatever to break the mo notony, when to 
their surprise a small black object, weighing 
about 2-! pounds, was noticed lying in a 
light depres ion in the now. Thi proved 

to be a tony meteorite of the chondrite 
type. There was no way of determining 
the date of fa ll , but the fact that it was found 
at all in uch an environment is truly remark­
able. When it fell it would have penetrated 
some di tance into the now and would 
undoubtedly have been quickly covered. lt 
probably reappeared on the urface a number 
of time when phenomenal wind velocitie 
removed the now covering. lJ , however, a 
ucce ion of calm sunny day had en ued 
ome melting of now would have occurred 

and the meteorite would have un k beneath 
the urface once more. A ucce io n of high 
wind velocities and infreq uent calm unny 
day in the period preceding the a rri val of 
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the ledgiog party were probably the main 
factor leading to thi extremely intere ting 
chance di covery. 

T he meteorite wa 
Land. and the main ma 
Mu eu m collection. 

named the Adelie 
is in the Australian 

During the current period or in ren ive 
activity in the Antarctic two more meteori te 
have been found. 

l n January, 1961, rwo Ru ian geologi t 
found two portions of an iron meteorite 
weighing 22 pound and 41 pounds on a 
rocky urface in the H umboldt Mountains 
outh of Laza rcv Station. H ha · been named 

the Laza rev. 

Almo t exactly a year later a party from 
the United State Geo logical Survey found a 
ra rer type of meteorite, a pallasite, consisti ng 
of iron and the ilicate mineral o livinc. on 
the urface of a glacier in the Horl ick 
Mountains. Like the Lazarev, thi had 
broken into two piece , weighing 50 pound 
and 20 pounds, which were found about 300 
yard apart clo e to ome prominent rocky 

l ope~. T hi meteorite ha been named the 
Horlick Mountain Meteorite.- R. 0. 
Clwl111ers. 
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Hallett Station on Sea Bee Hook is shared by New Zealand and United States scientists. According to 
carbon-dating techniques, Sea Bee H ook has been an Adelie Penguin rookery for some 5,000 years. About 
300,000 penguins now breed on the spit's higher mounds which show up as grey guano deposits. The lower 
and darker areas are wet from snow meltwater and support a vigorous bloom of algae in the austral summer. 
Lichens and mosses occur on the lower scree slopes at the foot of the steep cliffs in the background. [Photo : 

U.S. Navy.] 

PLANT LIFE 
By GEORGE A. LLANO 

Programme Director, Antarctic Biology, National Science Foundation, Washington, D.C., U.S.A. 

ANTARCTICA ranks fifth in size among 
the earth's continents, with a land 

surface of 5·3 million square miJes, or about 
twice the a rea of Aust ra lia. Like Australia, 
Antarctica is an island-continent, completely 
isolated by broad reaches of the Atlantic, 
Indian, and Paci fic Oceans. It has been 
known by many names, and, until Tasman 
reached the Australian coast, Antarctica 
was called terra Australis incognila. The 
name White Continent is perhaps the most 
appropriate, since scientists considered it 
to be a "cold desert" with a landscape 
that has been Ji kened to that on the moon. 
Bio logically, the principal d ifference between 
the White Continent and al l other major 
continents is the primitive nature of the 
vegetation and complete a bsence of 
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indigenous vertebrate animals. As is well 
k nown, none of the mjJlions of oceanic 
birds or sea ls which visit Antarctica during 
the breeding season remain on the continent 
once the young are ready to fend for 
themselves. Consequently, Antarctica has 
no resident vertebrate arumals, which is a 
most extraordinary record for a major 
la nd mass. 

Antarctica is almost circular, with its 
centre at about the geographic South Pole, 
from which it extends o utward and north­
ward to about 66° 30' S. latitude. The 
shape of Antarctica accounts, in part, for 
the peripheral distributi on of its organisms, 
both plants and a nimals, a nd m akes the 
coastal regions a majo r zone of life. 
The shoreline of the continent is readily 
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Wright Valley, the la rgest of the valley com plexes in the Dry .Valley region of Mc M urdo Sound .. This 
view westward how the barrenness of the area and the relat1on of the valley 10 the va t polar 1ce-cap 
in the background. T he light snowfall brings o ut the polygona l features and other ground relief. 

[Photo: U.S. Navy.] 

acces ible a a breed ing a rea for migrato ry 
seals and ocean ic flight less and flying bird s 
which, from time immemorial, have come 
to Antarctica during the austra l summer. 
The coasts constitute a majo r area o f ice-free 
a nd snow-free land , and exhibit deviations 
of temperature to a lesser degree, on an 
a nnual basi , t han the interior. In wi nter, 
blizzards carry great quantities of snow 
from the in terior to the coasts: and . with 
the annual fo rmatio n o f ea and pack ice, 
the continent appears to more than d o uble 
in a rea in winter by gaini ng a ·'phantom" 
or secondary coastline which dis­
proportionately exaggerates the overall 
continental dimensions. T he repeated bui ld­
up and break-up of the sea and pack ice 
i a phenomenon unique to A ntarctica 
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which has earned it the addi tiona l obriquet 
of the ' 'pulsating continent". 

Becau e the So uth Pola r region i a 
major la nd area in contrast to the Arctic 
sea basin at the North Pole, t he perennial 
snowfall accum ulates as vast ice-fields w hich 
effectively cover all but lO per cent of the 
continen t. The Antarct ic ice-cap contain 
about 95 per cent of the earth 's perma nen t 
su pply of ice or, in te rm of a liq uid , about 
10 per cent of the globe's water budget. 
T he ma s of frozen water is estimated at 
about seven mil lion cubic m iles of ice, 
which gives Antarctica an average elevation 
of about 7.500 feet. the highest of a ll the 
continents. Maximu m depth of the polar 
ice-sheet is in excess of I 0.000 feet, and 
the com pacted snow at the base of the 
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ice- heet could have fallen on the continent 
50,000 year ago. The relief of the land 
where it ri e clear of ice and no" provide 
ome of the mo u spectacula r mountain 

scenery in the we rid. In term of the 
earth ' pa t hi to ry, the contra ting ice 
and mounta in landscape a ppear a a 
frozen vi ta from the Plei tocene. when 
the Ice Age dominated even the Temperate 
Zone. 

Weatherwi e, Antarctica i an extremely 
formidable region and i con idered. wi thout 
q ue tion, the coldest high-altitude de ert 
on earth. The climate i cha racterized by 
it. dry a tmo phere, due to the high elevation 
a nd predomi nance of cold air mas e over 
the continent, by it trong and per i tent 
wind . by 5 months of cont inuou darkne . 
and by the lowe t recorded temperatures on 
eart h (to minu 126·9° F). Surface ozone 
value a re about 25 per cent higher than 
in the middle la ti tude of the orthern 
Hemi phere. There ome q ue t ion 
whether thi may not be one eau e for 
the relative ab ence of a irbo rne organi m 
since ozone i highly reacti ve, and toxic 
to urface cells. Precipita tion i generally 
very low and almo t alway in the form 
of now. The relative humidity i. scarcely 
one-tenth that recorded in midd le latitude 
regions. The high tra nspa rency of it 
a tmo phere. due to the relative absence of 
poll utant or dust, favour the influx of 
·olar radiation. The unshine duration i 
greater in the Antarctic than in corre ponding 
Arctic la titude . a lthough both pola r region 
receive more ola r radia tion in their summer 
months than the tro pical region . 

One im portant effect of ola r heating i 
een in the ignificant differences in the 

radiation ba lance of rock and o il surface · 
which promote the development of micro­
climates uita ble for plant growth. A a 
re. ult, the rock urface-air boundary layer 
in ice-free region due to different ial 
a b orption of o lar radia tion create 
favourable and even exce ively warm 
micro-enviro nments. Pla nt growth in 
Antarctica, however, ucceed only when 
the combination of liq uid water and plant 
nutrient derived from nit rate-rich guano. 
i · available. While the e air- urface 
interface habi tat are relati ely warm and 
heltered . the urvival and distribution o f 

plant and anima l organi m under Antarctic 
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environmental condition requ1re o ther 
cha racteristic : the e are the ability to 
re i t long peried of extreme de ication, 
per i tent cold for the greater part of the 
polar year and the lack of solar energy 
for 5 out of 12 months. 

Vascular flora 
Two ·pecie of phanerogam - that i . 

pla nts with pi til and tamens- repre ent 
the totali ty of the va cula r flora. By way 
of contrast, one may note that the va ·cula r 
flo ra of north temperate Great Brita in 
con i t of 1.500 pecie : the dry hot land 
of Egypt a nd Israel have. re pectively, 
I ,800 and 2.500 pecie . The two flowering 
plant a re Colobanthus and Deschampsia; 
the former i a plant of a ki nd commonly 
known a. a pink, a nd the latter i a gra . 
Together. they occur in cattered. a lmo t 
i a la ted . ite a long the Antarctic Penin uta 
and a ociated i land fronting the Drake 
Pas age. Deschampsia anwrcrica, which i 
common to Pa tagonia and the Fa lklands. 
ha been fo und as far outh as Stoni n11.ton 
Isla nd. 68° 12' S. on the we tern coa ( of 
the penin ula. lt range northward i hared 
with Colohanrhus crassifolius, in a imple 
a ociation growing over rock ledge or 
forming mall patchc of green over thin 
gravel . o ils. either plant does well in 
heavy mo ma t and they a re a b ent from 
steep lope . Both genera a re. however. 
fo und el ewhere on i land in the Southern 
Hemisphere. The que tion whether the 
specie now e tabli hed in the Anta rctic 
Penin ula are of recent origin- tha t i , 
immigrant during the po t-glacia l rece sion 
- or represent urvivor which managed to 
per ist d uring the Pleistocene Ice Age. i 
difficul t to a nswer. The fact remain tha t 
the broad ocean . the unfavoura ble di rection 
of the wind a round Antarctica. and the 
per i tent low tempera tures form a n 
extraord ina rily effective barrier to the 
di tribution of eed between the continent 
of the Southern Hemi phere a nd Anta rctica. 

Since the e tablishment of more or le 
permanent tation by man in the Anta rctic 
Pen in ·ula, th ree other flowering plant - have 
been reported in the region- Poa prarensis 
and Srellaria media on the Penin ula and 
Signy I land, and Poa annua on Deception 
I land. The e were undoubtedly introduced 
as weed, wi th fodder brought in to feed 
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the dome tic tock kept at ome tations 
for food. Attempts to grow plant , both 
on the Penin ula and in the cour e of an 
experiment at Cape Hallett, have not proved 
very encouraging. and further point up the 
difficulty of cultivated plants propagating 
them elve na£Urally. 

Lichens 
Lichen appear to be the most numerous 

of indigenou plant life and ome 350 
pecies are li ted in the scientific li te rature. 

They are widely di tributed a long the 
Antarctic coa tline and a re often the 
dominant plants o n nunatak (peak of 
mountain protruding through ice- heet ) 

Yellow crustaceou lichen (Xanrhoria) growl> 
near bird roo kerie • forming ga) patches on the 

nitrogen-enriched rocks. [Photo : Author.] 

tn the interior. Lichens have been recorded 
within 4 of the geographical South Pole ; 
neverthele . they are often mi ing in much 
of the no'A--free land. Of the three 
vegetational form . the cru taccou . folio e, 
and fruitico e. the first is the one mo t 
commonly seen. Rock-cncru ting lichen 
vary in ize from the millimetre- ize thallu 
fll ling the ga -formed pit in volcanic rock 
to broad. gay patche denoting the orange 
Caloplaca and yellow Xa111!toria. which are 
the only bright colour in an otherwise 
drab rock landscape. 

Of the fruitico e lichen , Neuropof{on i , 
with the exception of one pecie . a truly 
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Antarctic genu . In ma over rock and 
ledge . it ~was mistaken for gra by the 
early explorer . The folio e genera­
Parmelia. Physcia. and Umbilicaria- arc often 
abundant in favoured area , such a Wilkes. 
Station and Cape Hallett. On the Pcnin ula 
the e genera grow two to three time a 
large i they~ do elsewhere. Other lichen 
genera are Alectoria. Ramalina, and 
Cornicularia. The latter two are very rarely 
found on the continent outh of the 
Antarctic Circle. 

The favoured habitat of lichen is the­
warm rock-air interface, particularly when 
irrigated by meltwater, or on mall tone 
in moi t grou nd. I n the Antarctic Pen in ula. 
the Pyrenocarp lichens are truly amphibiou 
form , occupying fre hwater puddle and 
the a lt. littoral zone along the coa t. While 
many lichen are quite toleran t to alt pray. 
the remarkable genu Verrucaria include a 
ubmarine pecie which i found from 

high tide to a depth of several metre m 
the ea. 

Algae 

Algae are a conspicuou part of the 
Antarctic terrestrial vegetatio n and in species 
are a lmost as numerous as the lichen . 
The prevaili ng types a re two, the greens 
and the blue-greens; the latter a re an 
important element of the Antarctic algar 
flora. Algae occupy bare land or low rocky 
areas which are ubject to flooding. They 
often form mat clogging coa tal pond 
which warm up during the au tral ummer ; 
in the interior, rhe dried, flake-like heet 
of Hormidium algae in low place often 
mark a former Land of meltwater. The­
ubiquitou Prasiola crispa ha the widest 
di tribution of any Antarctic land plant. 
Thi i large!) due to the wide-ranging 
kua . which rarely pa up the opportunity 

to bathe in freshwater. thu tran porting 
the algae from the coa t inland and almo t 
to the~ Pole. All a lgae re pond read ily to 
nitra te and pho phate nutrient in bird 
guano. whether it be kua excreta in pond 
or on the wet-land draining penguin 
rookerie . . 

Snow and ice also provide a favourable­
habitat for algae, giving ri e to the very 
colourful display of green and red snow . 
Elsewhere on earth, coloured now are 
high-mountain phenomena; in Antarctica. 
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however. the e cryophytes are known from 
snowfields along the coast, but o nly north 
of the Antarctic Circle. With the exception 
o f Wilkes Station, all occurrences of snow 
and ice algae di play are from the Anta rctic 
Penin ula o r off-shore islands. Indeed. in 
thi region, many of the tabular tops of 
iceberg so characteri tic o f the Southern 
Ocean~ are frequently tinted pink. 

Red now i indicative of the pre ence 
of Chlamydomonas amarcricus. The 
cond itio ns which favour the growth of this 
a lga are a uccession of days o f sufficient 
warmth to thaw the now·s surface and a 

light wiodbo rne du Ling of bird guano 
fro m nearby rookeries. Thi vegeta tio n 
develops rapidly, and is evident first a a 
tinge of pink turning rapidly to a deep 
red. With the rise in colour intensity. the 
warming effect becomes mo re evident as 
the red- tained now deteriorates into ever­
widening red puddle of slush. When the 
melted snow can no longer dam back the 
head o f water, the snowfield collapses into 
a series of freshers u uaiJy flushing out to 
sea. 

Mosses 

Abo ut eventy-five species of mo ses are 
known from Antarctica. The majo r portion 
and best development of the Antarctic mos 
fto ra are to be seen. in the Peninsula region 
nor th of the Antarctic Circle. In thi 
a rea. a ll mo i t ground i freq uently occupied 
by carpets of m o , u ually con i ting of 
Drepanocladius, Brachylheciurn, a nd Polia. 
Beneath these carpets a layer of peat is 
well developed, ometime to a depth of 
a bo ut 12 inches. 

On better-drained grou nd of silt or gravel. 
the typical plant formatio n con i t of a 
mixture o f lichen , mosse , and the two 
va cular plants. Small mo tu socks a l o 
occur a nd in some cases a re para itized by 
lichens. Elsewhere on the continent 
Cera!odon, Pottia, and Bryum are the 
dominant genera of mos es. Along the 
coast where they are widely, if pettily 
di tributed. mos e form mall mounds o r 
tuntd tu ocks o f sterile plants, usually 

jammed into warm nooks o r crevice where 
carpet development is re tricted to very 

This plastic model of Antarctica shows clearly the ring-like shape of the continent a nd its isolation in 
the Southern Ocean. New Zealand a nd Ta mania arc een at lower righL [Photo: National Science 

Foundation.) 
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Gcorge Doumani, palae­
ontologi t with an Ohio 
State University geo-
logical party in the 
Horlick Mountatn • 
points to a large log of 
petrified wood found by 
the pan)' . T hi:- indicates 
that Antarctica once had a 
milder c limate. Thi in­
vc tigation was part of a 
geological ur\1!) of the 
Horl ick Mo untains pon­
!>Orcd by the National 

cicnce Foundation a 
part of ib U.S. Anta rctic 
Re carch Programme. 
[Photo : atio nal Sctence 

F oundation.] 

mall areas and there i rarely m o re than 
a token presence of peat formati o n. Mo e 
are found inland a well. but to a much 
more limited degree than lichens or a lgae. 
They fail. however. to reach the higher 
latitude . At Cape H allett . where the 
vegetation i a con picuou feature, studie 
revealed that plant covered o nly about 
15 per cent or the land area. algae compri ing 
12 ·8 per cent, mo e 2 ·4 per cent. and 
lichens 0·2 per cent. Antarctic mosse 
rarely produce ~porophyte . apparently 
because or the rigorou environmental 
condition . a nd reproduce mainly by 
vegetative means. Mosse occupy rock and 
oi I ha bitats: o ne pecie . Bry um 

kororket•ic=iae. grow at a depth or 33- 36 
inche in the freshwater Lake Figurnoye, in 
the Buneer H ill . lntere tingly e nough. 
Sphagna, ~common in Arctic and Alpine 
zones, ctre ab ent from Antarctica. 

The endemtc mo s Sarconeurum g/aciale 
was fir t collected by Hooker during the 
1839- 1843 British expedition to the 
Antarctic Pe nin ula. lt i now known ro 
be widely di tributed o n the continent. 
According to repo rt or Soviet cientis t . 
S. glaciale. a well a othe r m o e . occur 
in "pure wards"' at the Bunger Hill ei ther 
o n to ne or fine earth ub trate. The 
Bunger Hill a re reported to be "extreme ly 
eve re dry and cold. tony de ert"·. Summer 

i aid to be warmer and drier becau e 
the dark rock urface a re warmed by the 
· un to a temperature of 30 C or more. 
The air temperature is 2 to 3 ~ and sometimes 
5 higher than the urrounding ice-covered 
land and may reach a high a 10° C during 
the day. 
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LiYerwort 

Only about half-a-dozen pecte of 
Hepaticac are de cribed from Antarctica. 
and. until 1965, it wa widely believed that 
the e were re tricted to the Penin ula. 
H owever. in J 958, a pecie of the genu 
Cephalo=iel/a wa collected by the author 
at Wilke Statio n ; o ther pecimen have 
since been found at H a llett Station, a nd 
1t 1 pos ible that thi genu may be fou nd 
el ewhere. An equally intere ting find 
occurred in 1962 at Cape Spri ng, Danco 
Coa t, where the Argentine discovered 
the genu Marchanria, not previo u ly kno wn 
to grow in Antarctica. Hepatics or 
liverwort are incon picuou plant u ually 
fou nd mixed with mosses in fa irly wet 
a rea . They d o not occupy a prominent 
role in Anta rctic vegetation, altho ugh 
hi to rically their pre ence i or great interest 
to plant geogra pher . 

Ancient floras 

While Antarctica today ha o nly a parse 
cryptogamic Ao ra (plants which reproduce 
by pore or fragmentati o n and not by 
eed ) and not hing comparable to the 

tundra and taiga bio me which girdle the 
ubarctic regiot~ , the South Pola~ geologic 

hi to ry reveal that past climate favo ured 
a va riety of pla nt life. The evidence lies 
in coal earn , fo il wood fragment , 
spores. and leaf imprint that have been 
di covered ince the first exploration . l n 
west Antarctica the earlie t known plant 
are o f J ura ic aee. while in ea t Antarct ica 
plant remain ra nge in age from the Devonian 
to the Triassic. In the Carboniferou of 
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This view is typical of the 
Chalikosystem habitat, 
which is cha racterized by 
the ab cnce of vegetal ion. 
However even in these 
plantle s a reas mites and 
s pringtails may occu r. 
The two entomologists 
are searching for Aca­
rina and recording oil 
temperature variati ons. 
{Photo: Natio nal Science 

Fo undation.] 

Antarctica. forty-three plant pecies, 
predominantly Glossopteris flora, have been 
reported with close relationships largely to 
contemporary floras o f India and South 
Africa and, to a le ser extent, to Au tralia 
and South America. The fossil occurrence 
and di tribution of Mesozoic ( 180 mil lion 
years ago) and Te rtiary (60 million years 
ago) conifers, i.e., podocarps a nd araucarians, 
in we t Antarctica show close ftoristic 
relation hips with South America. These 
ancient floras a re proof that this seventh 
continent was not always icebound. More 
than that, they ugge t that the environment 
and the flora in the land masses of the 
Southern Hemi phere were contempor­
a neous. Indeed, Hooker, when reporting on 
the observations a nd studies of plant he aw 
whi le on his Antarctic voyage. jdentified 
Antarctica as the o rigin of much o f the 
Southern H emisphere flora. Fifty year 
later, two Swedi h bota ni t , F lorin a nd 
Skott berg. publi hed view in accord with 
those of Hooker. Florin's evidence i based 
on the "southern group of conifer ", for 
whose origin he give Antarctica. 

Where woody plants, hrubs. grass, and 
herbs occur, even the layman is aware of 
changing vegetatio nal pattern . Since these 
fam il iar plant form are absent in Antarctica, 
one m ay think that the contine nt is without 
vegetatio nal di tinctio ns. However, one 
quite obvious vegetational change in the 
plant zones js revealed by the o uthern 
limit of Desclrampsia and Colobanrlrus, 
which occurs at about the Antarctic Circle. 
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Actually. the precise limit of Angiosperms, 
or seed plants, in Antarctica and the 
Southern Hemi phere is 68° 12' S. , 62° 02' 
W. This is a lso the limit of the hie:her 
fungi and of the luxuriant ca';-pet 
communities o f bryophytes (non-flowering 
plants, incl uding mosses and liverworts). 
Indeed, H oldgate identifies the Low Antarctic 
Province as the regio n of seed plants a nd 
of clo ed plant comm unities. The res t of 
Amarctica is referred to in Holdgate·. 
terminology as the High Antarctic Province. 
This latter is an area of sparse vegetation, 
d o minated by cryptogams. The High 
Anta rctic Province may be further divided 
into maritime and continental regions. In 
the maritime region, the presence of bird 
excreta and alt spray are biotic factor 
which influence the di tribution and growth 
of the plant cover found over bare g';ound. 
The continental region include two 
types of habitats which Janetschek calls 
Chalikosystem and Bryosy tern. The former 
i de criptive of the bare expan e of rock 
and oil which occurs widely in Antarctica, 
part icularly inland, and appear to be 
without apparent plant or animal life. 
The Bryo ystem js identified by mosse 
but includes lichens and a lgae which occur 
on flat area ; this vegetation is often 
inhabited by microfauna consisting o f mites, 
o r Acarina, a nd springtails, o r Collembolla. 
T ogether. the a rthropod and cryptogam 
of Antarctica fo rm the most di tinctive and 
diminutive fauna and flora of all the 
continen ts. 
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Kille r Whale at the surface in the Antarctic, photogra phed by Herbert Ponting during Scott"s last expedition. 
[Photo by courtesy of Paul Popper Ltd.] 

WHALES 
By J. L. BANNISTER 

Cura tor of Mamma ls, Western Austra lian M useum, Per th 

N ONE of the Cetacea (the whales, 
porpoises, and dolphins) a re endemic 

to the Antarctic since none of the species 
recorded from that region are known to 
breed there. However, the "Antarctic zone'' 
- the area between the convergence and 
the ice edge-is extremely important in 
the lives of many whales, particularly the 
large southern baleen whales, which rely 
almost entirely on the high productivity 
of its waters for food. 

Almost nothing is known of the biology 
of the few dolphins or porpoises recorded 
from the region. Most of the whales are 
better known. mainly because their 
commercial importance has forced 
Govern ments to spend money on research 
and has provided specimens for scientists to 
study. Of the thirty or so cetaceans 
commonly known as whales (cetaceans 
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more than about 12 feet long) eleven have 
been recorded fro m the Antarctic (as in 
the list below), but a few more may yet 
be found there. Representatives are present 
of both main divisions of the order-the 
Mysticetes or baleen whales (which feed 
on plankton o r small fis h strained from 
the water tlu·ough horny baleen plates 
suspended from the upper jaw) a nd the 
Odontocetes o r toothed whales (feeding 
mainly on squ id or fish). 

L1ST OF THE BETTER KNOWN ANTARCTIC 
W H ALES 

Baleen wha les (sub-order M ysticeti) 
Eubalaena austral is. the Southern R ight Whale 
Balaenop1era musculus, the Blue Whale 
Balaenoptera physalus, the Fin Whale 
Balaenop1era borealis, the Sei Whale 
Ba/aenoptera acurorostrara, the Minke or Lesser 

Rorqual 
Megaprera novaeangliae. the H umpback Whale 
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Toothed wha les ( ub-order O dontoceti) 

Physeter carodon, the Sperm Whale 
Orcinus orcn, the Killer Whale 
Cfobicephafa melaena, the Pilot Whale 
Hyperoodon planifrons, I he Bott le no ed Whale 
Ber(ll·dius arnouxi (a beaked whale) 

The baleen whale are. on the whole, 
very much larger than the toothed whale . 
and include the large t animal known to 
have lived. the now rare Blue Whale. for 
which the greate t recorded length i clo e 
to I 00 feet and the greate t weight about 
130 tons. The Blue Whale's close relative. 
- the Fin, Sei, and Minke- range in 
maximum size from 85 feet down to 33 
feet. Together. the e four pecie are known 
as the rorquals. All fo ur al o occur in 
the orthern Hemisphere, but as eparate 
race . with northern individual tending 
to be maller than tho e from the out h. 
Other Antarctic baleen whales are the 
Humpback (to about 50 feet) a nd Southern 
Right (to about 60 feel), both now rare, 
like the Blue Whale. Righ t Whales got 
their name because they were the "right'' 
one to catch when whaling was done by 
hand from open boat . They were "right" 
becau e they were slow. and thus relatively 
easy to kill, and becau e they floated when 
dead : their thick blu bber gave large 
quantities of valuable oil, and they had 
long plate of baleen, ideal for kirt hoops, 
cor et , and umbrella pokes. The 
Humpback, though not large by Blue Whale 

tandard . wa fat and low and had the 
unfortunate habit of swimming close to 
land on its migra tion . To shore-based 
whalers it was an ea y prize. 

The be t-known Antarctic toothed whale 
i probably the Killer. notorious a a 
voraciou predator- an image heightened 
by it reported habi t of overturning icefloe 
bearing penguin or eals. The Killer i 
probably important a a predator on other 
cetaceans, and is disliked by whaler because 
it will attack the carcasses of larger whale . 
Bu t the largest Antarctic toothed whale, 
and indeed of the whole group, growing 
to around 60 feet. i the Sperm. In thi 
polygamous pecie . only the males are 
recorded from the Antarctic zone. and in 
many other re pect it i unu ual. The 
Sperm Whale i one of the only two 
cetacean wi th the blowhole to one ide­
on the left, toward the front of it ma ive 
head. female Sperm Whales grow only 
to abou t two-thirds the ize of the males. 
a nd keep to warmer waters with the calve 
and juveniles. Another gregariou pecie , 
the Pilot Whale, ha not often been recorded 
fro m Antarctic water but has occurred in 
chools around the coast of South Georgia. 

Pilot Whale are better known from more 
temperate water and can grow to more 
than 25 feet. The on ly other relatively 
large cetaceans that certainly occur in the 
Antarctic. the Bottle-no ed Whale and 

A F in Whale on the flen -ing platform. Grytvikcn , 1960. The blubber i about to be removed. T he whale 
1 lying on it right-hand side. ote the ventral groove, typical of the ro rqual . [Photo : Author .] 
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Berardius arnouxi, are very little known, 
and then almost only from occasional 
tranding or capture . Both grow to about 

30 feet. Berardius hasn ·r even got a common 
name; both have more common relative 
in the Northern Hcmi phere. 

Distribution and movements 
Nearly a ll the Antarctic baleen whales 

make long easonal migration . They feed 
exten ively during the ummer on the 
warming "whale-food", known to whalers 

a "krill'' (a euphausiid shrimp, Euplwusia 
superba), and then move north to warm­
water breeding ground in winter. One 
pecies, the Humpback, ha. relatively well 

defined migration path . Mark ing with 
tainles steel darts-fired into the back 

muscle and recovered when the carca:s 
i processed- has shown that there are 
probably ix eparate H umpback locks in 
the Southern Hemisphere, related to ix 
different breeding grounds, one each off 
the east and west coasts of the southern 
continent . The different . tock cem to 
remain more or le distinct, o that mo t 
of those Humpback that, ay, feed to the 
outh of Western Australia in summer will 

return to their We tern Au tralian breeding 
ground in winter. Blue and Fin Whale . on 
the other hand, are more oceanic than 
Humpback , and the exact location of 
their breeding ground a re not known even 
yet. (n the Antarctic the e two pecies 
catter more widely than Humpbacks; the 

ba ic pattern may be similar, but there i 
probably more interchange between different 
breeding groups. Even le i known of 
Sei Whale movement , and till much les 
of Minke-. though both pecie seem to 
move north and outh in the ame way a 
thei r larger relatives. The Blue Whale 
tend to penetrate further outh, into the 
coldest waters, than the other . though 
the Minke may go as far or even further. 
Sci Whales tend to occur less far outh 
than Blue, Fin or Minke whales. Indeed, 
a very clo e relative of the Sei, Bryde· 
Whale, rC' mains in warmer water and 
never gets into the Antarctic at a li. The 
Southern Right Whale may not be a 
migratory a the other baleen whales but. 
agai n, very little is known about it. 1 t 
cems to go not quite a far outh a Blue 

and Fin Whale . but ha been fi hed near 
South Georgia and o qualifie. a an 
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T wo Humpbad .. Whales. nearing the end of their 
migratio n from the Antarctic, on· Shark Bay, 
Western Australia. [Aerial photo: S. Fowler. 

CSIRO.] 

Antarctic wha le. Female come close to 
warmer coa t in winter to give birth. 

Male Sperm Whale fou nd in the Antarctic 
tend to be ei ther lone and rela tively old 
bull . or younger adult males which may 
return to warmer waters later. There is 
receJH evidence of thi return in the pre ence 
of Antarctic diatoms on the kin of bull 
caught at Au tralian and New Zea land 
land tation . However. the detail of 
these movement a re not known and there 
i no obviou epara tion of feed ing and 
breeding behaviour. o perm Whale move-
ment cannot ea ily be cla sed a 
"migrations" in the ame sen c a those 
of baleen whale . Nothing i known of 
the detailed movement ~of the other 
Antarctic toothed whale', though Killer 
eem to be widespread and have often 

been ob ·erved near the ice edge. Berardius 
(a \\ell a Killer and Minke) has been 
recorded in open pools in the ice during 
winter. On that occa ion the whale were 
probably trapped becau e their e cape route 
to the north became frozen 0\er. 
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:'<-ing Edward Cove. outh Georgia, where the fi~ l Antarctic land-based whaling statio n began operating 
tn 1904. H umpback Whale \\ere o nce caught m the open waters or Cumberland Bay which opens to 

the ea in the left middle di tance. [Photo: Author.] ' 

Man' effect on stocks 
The po ttton today ( ummarized for 

baleen whale except Southern Right and 
M inke in the table at the end of the article) 
is that the Antarctic rocks of a t least three 
. pecie - the Blue, So uthern Right, a nd 
Humpback- have been reduced to mall 
remnant of their former ize by over­
hunting, while the tocks of Fin Wha les 
are considerably reduced and Sei Whales 
may oon be in danger. The position of 
Sperm Whales i not o certain. The 
world catch of over 20,000 ma le Sperm 
Whale each year is probably near the 
limit that can be with tood by the tock , 
though the Antarctic catches of about 
4,000 to 5,000 per year hould be mo tly of 
male urplu to tho e needed to maintain 
breeding. 

The main depletion of Antarctic baleen 
whale began in 1904 when the first land 
station o pened at Sou th Georgia. Before 
thi the Southern Right Whale fishery, 
centred mainly on this species· coastal 
breeding gro unds, had reduced the stocks 
to uch a level that even roday the number 
are still very low. though there a re 
encouraging report o f increased sightings 
of Right Whales in the south Atlantic. 
" Modern .. whaling. with fast team catchers 
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bearing harpoon gun that could fire 
explo ive grenades, soon depleted the stocks 
of Humpback Whales near South Georgia, 
and attention turned to the Blues and Fin . 
From 1925 the introduction of the pelagic 
factory ship, independent of land and able 
to ra nge over the whole area of the feeding 
ground , al lowed the e species to be hunted 
much more extensively. Jn the 1930' . and 
again after the Second World War, an 
average of more th~n 30,000 whale were 
taken from the Anta rctic each year, the 
Anta rctic being re ponsible for about 60 
per cent of the total world catch. Since 
1946 the In ternational Whal ing Commi sion 
ha regulated whaling by defining protected 
pecie , open or clo ed wate r , size limit , 

the whaling period. and the maximum 
Antarctic catch, but the regulation have 
o nly been able to low the rate of depletion. 
A one pccics has become depleted, 
attention has turned to another. Thu , 
from pre~war empha i on Blue Whale , 
t he indu try turned to Fin, a nd now even 
the rela tively sma ll Sei Whale has become 
impo rtant. Sperm Whale catches have 
increa ed at the ame lime. Calculations 
ba ed o n biological evidence, data of catches 
and ighting , and modern methods of 
tock a es ment have given the maximum 
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A small group o f medium-
sized Sperm Whale • 
seen from the ai r . 
[Photo : J . Bell, Cheyne 

Beach W haling Co. I 

number that could be taken each year 
from the tocks of the more important 
pecies. both at the pre ent reduced level · 

of the tock and at their optimum level 
( ee table). The difficulty today i not o 
much the lack or inadequacy of cientific 
evidence but the problem of economic 
and international politics. 

In the Antarctic ecosy tern whale are 
important a highly efficient " terminal 
concentrators·· in the fairly imple food 
chain . In particular, the baleen wha le 
a re at the end of a ·imple chai n which has 
only three tep., from phytoplankton (minute 
dia tom , algae, and other plant life) via 
the krill (Euphausia superba) to the whale 
it elf. Sperm and other toothed whale 
are at the end of a more complex chain. 
from phytoplankton through zooplankton 
(including the kri ll ) via fi sh and quid to 
the whale. In the ea e of the Killer Whale, 

penguin , ea I·. and even mall whales 
a re interpo ed in the chai n. Man can make 
u e of the efficiency of baleen whale by 
harve ti ng them a highly convenient parcels 
of fat and protein . Indeed. it ha been 
said that with one hot a harpoon gun can 
ecure, from a large Antarctic baleen whale. 

up to 20 or more tons of oil and the 
eq uivalent, in protein. of a quarter of a 
million helping· of roa · t beef. 

lt i po ible that with the great reduction. 
of 80 to 90 per cent, in the number of the ·eo 
"terminal concentrator .. other Antarctic 
fauna may increa e. There are sign that 
Sei Whale in o ne area and one specie of 
penguin may be doing o a lready. People· 
thought now turn to the pos ibility of 
harve ting kr·ill. rather than whale : modern 
technology may olve the problem but man 
will find it hard to be a efficient a the 
whales. 

RECE T ESTIM TES OF T H E CONDITIO 1 OF TAR TIC BALEE1 WHALE STOCK , 
BA .EO ON WORK C RRJED OUT FOR T H E INT.ERNATIO AL WH LING COMMIS I ON 

BY ITS CI ENTLFI C COMMITTEES A 0 F.A.O. 

Species Original srocf.. Present stock Prc>sent SUS!ainable 
Maximum Years to reco1•er 
sustainable to optimum 

si=e si=e yield y ield srocf.. ~i:e 

more than about 
Blue 150,000 I ,000- 2,000 0- 200 6.000 50 

a bout abou t about mo re than 
Fin 200,000 40,000 5,000 20,000 10 

more than about about 
Sci 60,000 60,000 5,000 5,000 nil 

less than about 
Humpback• 22,000- 27.000 600-1.300 100 700 30--60 

• Assessments for .. Australia/ Antarctic" stocks on ly. 
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COASTAL FISHES 
By HUG H H . DeWlTT 

M arine Science Institute, University of South Florida, U.S.A. 

T WO features of the Antarctic Continent 
have cont ributed heavily toward 

crea t ing in the waters which bathe its 
s hores ~cond itions suitable for the evolution 
of a peculiar and highly endemic fish fauna. 
T he first is its geographic isola tion. T he 
closest land mass is South A merica, which 
lies 450 miles north of the A ntarct ic 
Peninsula. South Africa, Tasmania, and 
New Zealand are much more distant, with 
about 2,460, 1 ,320, and I ,260 miles, 
respectively, of open water between them 
and the continent. These distances com pare 
favourably with t hose separating many of 
the isolated islands which dot the Pacific 
Ocean. 

The second feature of importance is d ue 
to Anta rctica's being nearly centred upon 
the South Geographic Po le. The low 
temperatures o rd ina rily associated with h igh 
latitudes have been pushed still lower by 
the development of a huge ice shield o n 
the continental la nd mass. T he limited 
so la r radiatio n which reaches the ice shield 
is absorbed and reflected without creating 
a ny sign ificant change in temperature. T he 
conti nenta l mass prevents the oceans f ro n1 
distr ibuting to the Po la r region the heat 
they have abso rbed in low la ti tudes. The 
waters surrounding Antarctica are therefore 
cold , ra rely reach ing zero degrees centigrade 
even duri ng the summer, excep t for local 
areas. especia lly in the peninsular region. 
T o the d ifficulty in traversing t he oceanic 
barrie r surrounding the conti nent is added 
the great change in temperature which must 
be endured for an a nimal to colo nize 
A ntarctic waters. 

A th ird factor which may be important 
in maintaining t he isolation of Antarctic 
continental waters is that the surface currents 
of the Southern Ocean at no p lace flow 
south from the northern la nd masses. On 
the contrary, north of about 65° S. la titude 
these waters, in their clockwise cycling 
about the conti11ent, actua lly drift north­
ward, eventually being sp li t off when they 
are intercepted by land masses, to pa rticipate 
in northward-moving currents such as the 
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R epresentat ive n otothen ioids (fro m to p): 
Trematomus eu!epidotus, fami ly No to theni idae 
(from R egan, 19 14); Histiodraco veliler, family 
Harpagiferidae (from Regan, 1914); Bathydraco 
antarcticus, fami ly Bathydracon idae (after 
Gi.i nther, 1887, fro m Dollo, 1904); Chaenodraco 
wilsoni, fami ly Channichthy idae (from R egan, 

1914). 

Peru C urrent along the west coast of South 
America and the simila r current off the 
west coast of Australia. 

These facto rs of geography, temperatu re, 
and ocean current have been so effective 
in preventing fis hes from passing to a nd 
from the A ntarctic that , at the p resent 
time, about 90 per cent of the species fo und 
there have been discovered nowhere else. 
This endemism is reflected even a t higher 
taxonomic levels : abou~ 7J.. per cent of 
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the genera are endemic, and three of the 
eight fami lies found there contain only 
one or two pecie. which inhabit more 
temperate water . . 

Notothenioids 
The fi hes which are found living today 

nea r the Amarctic coasts can be divided 
into two group with respect to the length 
of time they have probably inhabited the e 
waters and in their relation hips to :fishe 
elsewhere in the world. The great majority 
of pecies belong to the uborder 

otothenioidei, a group with rather uncertain 
relation hips. which i confi ned primarily 
to the Antarctic and the member of which 
extend no further northward than the waters 
about the southern parts of South America 
and New Zea la nd and the ri ver of outh­
eastern Australia, where the only freshwater 
specie i found (Pseudaphritis urvillii, 
com monly known a Congolli). At variou 
time ichthyologi t have believed the 
notothenioids were related to the cod-like 
fi hes, the blenny-like fishes, or the great 
order of perch-like f1 hes in which they have 
generally been placed. In appearance the 
notothenioid are ra ther elongate, generally 
with rather depre sed head . Tbey have 
.large eyes, long do rsal and anal fi ns. and 
fan-shaped pectoral fi ns with broad, nearly 
vertical ba es. Characteri tic is the 
placement of the pelvic fins. which are 
in erted below and anterior to the pectoral 
fin . 

The notothenioid are the ancient endemic 
fi shes of the Antarctic. Thei r isolated 
y tematic po tlton. their diver ity, and 

thei r peculiar adaptations to life in Antarctic 
water all indicate that they have inhabited 
the South Polar coa ta l waters for a long 
time, po sibly for most of the Tertiary. 
They have evolved into four di tinct familie , 
each with a number of genera and pecies. 
Mo t are bottom-dwelling and probably 
omnivorou in their feeding habit . early 
all of those which have been ob erved in 
aquariu ms were rather low-moving, 
spending most of their time upon their 
pread pelvic fin and the lower edges of 

their broad pectoral fins. The ice fi hes 
(family Channichrhyidae) have become fish­
eating. at least as adu lts. and ome have 
left the bottom to become partly or wholly 
pelagic. In the family of Anta rctic cods 
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(family ototheniidae), one specie has 
become entirely pelagic, and i the only 
fi h captured in abundance a an adult 
in the midwater over the continental helf. 
A econd specie probably has similar 
habit . but ha been captu red only rarely. 
Three other specie have adapted themselve 
to Jiving on and in the under urface of the 
ea ice 'Close to the continent, feeding upon 

the numerou amphipod and other small 
invertebrate which have become simila rly 
adapted. 

The larvae and juvenile of ma ny species 
of a ll four fami lies form a n important 
element of the midwatcr over the 
continental helf \Vhere, because of the 
udden drop in temperature from the 

deep open waters off- hore, the mid watcr 
fi hes characteristic of the world ocean 
are ab ent. lt would seem tha t the young 
no tothenioid have entered a habitat over 
the continenta l helf which ha been a lmost 
entirely unoccupied. Although ome of the 
j uveniles how no pecia l modifications 
fo r pelagic life, others definitely do. Larval 
ice fisbe are unmi takable because of thcit· 
hugely expanded pelvic fin , which probably 
aid them in their semi-drifting exi tence. 
Some of the juvenile deep dragonfi he 
(family Bathydraconidae) are very elongate 
and slender, a nd one species, Prionodraco 
et•ansii. has four rows of projecting pines 
a long the body which may erve both for 
protection and a impediments to rapid 
inking. Juvenile plunderfi he (famtiy 

Harpagiferidae) have a globular head and 
body, with a hort and stumpy tail behind, 
looking somewhat like a tadpole. The 
incorporation of the gelatinous material 
about the head and body probably serve 
to reduce the pecific gravity of the young 
fi he , enabling them to maintai n them el e 
more easily in the midwater . 

Ice fishes 
The ice fi he have become famou for 

a characteri tic which i unique among 
vertebrates. All the pecie have vi rtual ly 
no red blood cell or haemoglobi n. There 
i . . in fact. no oxygen-ca rrying pigment in 
the blood of these fishe . In appearance. 
the blood i a lightly opaque. very pa le 
greenish or yello""vish white. The colour 
of the gill of a livi ng or freshly-dead 
specimen is not red. a in other fi she . 
but a cream-white. The colourle sne of 
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the blood probably accounts for the ir 
somewhat translucent a pect, especially in 
the tail region, and perhaps is responsible 
fo r their name. The Jack of an oxygen­
carrying pigment indicate that these fishes 
probably have reduced metabolic rates or 
that they are able to be active for only 
short periods. Certainly they appear to 
suffer fro m asphyxia mo re rapidly than d o 
other Antarctic fishe , for when they are 
brought up in trawl they nearly a lway 
have their large mouths a nd gill-covers 
stretched open. At the present time there 
i. no information about the metabolic 
rate of ice fishe , a ltho ugh research in 
~l<?od chemistry and cellular respiration 
1 1 n progres . 

The respiratory rates of several species 
of Antarctic cods have been determined, and 
all o f them show dist inct cold adaptation, 
that is, their rates a re higher than those 
o f temperate specie in waters o f low 
temperature. Furthe r, the respiratory rates 
of Antarctic cod reach a maximum at a 
temperature of about 2- 3° C, and recent 
investigations have shown that the maximum 
lethal temperature i about 6° C. The e 
fishes are therefore highly adapted to very 
low a nd unvarying temperatures. 

Second major group 

The second majo r group of fishes consists 
of Antarctic representatives of families wi th 
worldwide distribution . uch as the 
Zoarcidae (eel pouts). Liparidae (snail fishes), 
and Rajidae (rays). Of the e, the Zoarcidae 
are the most important, having evolved 
into everal genera and species peculiar 
to the Antarctic. The endemic genera 
appear to be related to the widespread 
genus Lycoc/es, which has many deep-wate r 
representative . There i little doubt that 
most of the Z oarcidae reached the Antarctic 
via the Scotia Ridge, a large submarine 
m ountain chain extending in an eastward­
bending arc between So uth America and 
the Anta rctic Peninsula. The same i · 
pro bably true for the Liparidae, which are 
known from southern South America and 
South G eorgia as well a the Anta rctic 
continent , and i certainly true for the 
Rajidae. o f which o ne pecies inhabits both 
the Patagonian Shelf off the ea t coast of 
South America a nd the helf a long the 
northwest coast of the Antarctic Peninsula. 
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Some secondary A ntarctic fishes (from top): 
Lycenchelys ontarcticus, family Zoarcidae (from 
Regan. 1913); Para/iporis anrarcticus, family 
L iparidae (from R egan. 1914); Muraenolepis 
microps, family Muraenolepidae (from Regan, 
19 14); Cha/inura ferrieri, family M acruridac 

(from Regan, J913). 

The Antarctic pecie of these last two 
fa milies all belong lo genera of worldwide 
distribution. 

The member o f this second group are 
more recent a rriva l into the Anta rctic a nd 
have become much less diversified than 
have the Notothenio idei. Evidence of their 
recent derivatio n from more temperate 
forms has come from physiological a well 
a y tematic tudie . The respiratory rate 
of a zoarcid from McMurdo Sound proved 
to be very low, hawing no cold adaptatio n. 
Further, the re pirato ry rate rose with 
increasing temperature up to a maximum 
of 4° C. higher than the temperature of 
maximum re piration recorded for the 
notolhenioids, and the fish survived be t 
in the laborawry at a temperature of 1-2° C. 
higher than that fo und in it normal habitat 
a t the bottom o f McMurdo Sound. The 
low respiratory rate a nd tolerance to higher 
temperatures indicate that the zoarcid have 
not yet become ful ly acclimated to the 
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Antarctic. Perhap they are able to exist 
there because none of the notothenioids 
have evolved into elong:ate, eel-li ke forms 
with which they would~ have to compete. 
Unfortunately, even less is known about 
the Liparidae and Rajidae than is known 
about the Zoarcidae. 

Other families 
Two other families of fishes are 

encountered in Antarctic waters. One, the 
M uraenolepidae, comprising sma ll fishes 
which have chin barbels and a pointed tail 
joined to the dorsal and anal fins, and 
which are related to the cod fishes, is found 
only in the Antarctic and subantarctic. 
There are only four species known, and it 
i not possible to tell whether they form 
a part of the older endemic element of the 
Antarctic fauna or whether they have more 
recently moved south. H owever, together 
with the notothenioids they add to the 
peculiar nature of the Antarctic fish fauna. 

The second fami ly is the M acruridae, a 
family of worldwide distribution in deep 
water. Several species of this family inhabit 
the deep waters of the Southern Ocea n, 

Antarctica and the 
Southern Ocean. The 
horizontal lines delimit 
the East Antarctic faunal 
district ; the vertical lines 
delimit the West Antarc-

tic faunal district. 
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and one or two have been captured from 
the upper part of the continental slope and 
the edge of the con tinental shelf. A pparent ly 
they are unable to withstand temperatures 
below - 1 o C, and occur only on the outer 
parts of the shelf where warmer water is 
able to penetrate a hort distance to the 
south. 

Two zoogeographic regions 
Although some fi hes have been fou nd 

enti rely about the Antarctic continent, others 
have more restricted di triburion. . I t i 
possible to recognize two zoogeographic 
regions in the coastal waters on t he basis 
of the restricted distributions of fishes. 
The smaller has been termed the West 
Antarctic D istrict, and encompasses the 
region of the A ntarctic Peni nsula and 
nearby islands, includi ng the South Orkney 
lslands. lts outstanding feature is the 
development of a number of species of the 
large genus Norothenia, a characteristic 
shared with South Georgia Island to the 
north . The larger region has been called 
the East Antarctic District, and encompasses 
most of the rest of the continental coast, 
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from the Ross Sea o n one side to the 
Weddell Sea on the other. This region 
is characterized by the development of the 
genus Trematomus, the absence of nearly 
all species of Nolothenia, and the presence 
of a number of other endemic genera and 
species. The East Distr ict, with about 
fifty-two species, is significantly richer than 
the West District , which has about thirty-fi ve 
s pecies. 

W hy should the Antarctic, where water 
temperatures are so uniform, have two 
apparen tly different biological regions? 
Although the Eastern District bas somewhat 
more severe conditio ns than the Western 
District , the d ifferences a re not great, being 
not more than 1 or 2 degrees, and in the 
winter tempera tures are the same. A clue 
may be found in the depths of t he 
conti nental shelves of the two regions. 
In the Western District, the continental 
shelf extends to depths of about 100 metres 
before dro pping o ff more steeply into 
abyssal water. The o uter edge of the 
continental shelf in the Eastern District 
is much deeper, averaging abo ut 250 metres, 
and in some places being as deep as 500 
metres o r mo re. Often the slope o f near­
shore areas is very steep, dropping q uickly 
to severa l hundred metres before 
encounte ring the mo re level shelf. Thus, 
fishes inhabiting relatively level shelf regions 
at 100 metres may not be able to exist at 
greater depths, and vice versa. 

The relatively great depth of the continental 
shelf in the Eastern District may a lso be 
responsible for another peculiar d istribution 
pattern. The greatest number of species 
is not found in sha llow near-shore areas, 
as in most regions of the world, but rather 
a t depths between 350 and 550 metres. 
This depth range coincides with the depth 
of much of the continental she lf. T he 
absence of a littoral fau na and the relative 

GIANT PETREL BANDED 
A white G iant Petrel (Macronectes giganteus) 

which was captured by surfers at Narrabeen, Sydney, 
and held by Taronga Zoo until fit for release was 
banded by the Curato r of Birds at the Australian 
Museum, Mr H. J. deS. Disney, with CSIRO band 
number 130.13531 on 6th August, 1968. The 
Giant Petrel is a subantarc tic bird and the usual 
form is dark brown. They breed on Macquarie 
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paucity of shallow-water forms inhabiting 
depths less than 50 metres is probably due 
to the severe ice conditions at the shore 
line. The West Antarctic District also 
shows a depression for the depth of maximum 
diversity, but it i s shallower, being between 
200 and 350 metres. Further, the species 
maximum is less well marked and there 
a re m ore species found in sha llow water, 
perhaps implyi ng somewhat less severe 
conditions. 

Studies on blood chemistry 
In th is presen t period of intense act1v1ty 

in the Antarctic, a number of people have 
become in te rested in the coastal fishes, 
especially in regard to the p hysio logy of 
cold adaptation and the activity of the 
Channichthyidae. Of pa rticula r interest wi ll 
be the results of studies on blood chemistry 
a nd m etabolic rates a nd pathways in the 
cold-adapted groups. W o rk on the ecology 
of under-ice communities, of which fishes 
a re a prominent part, is a lso in progress. 
I nvestigations into life-histories, food habits, 
age and growth , and reproduction have 
also begun since the advent of well-supported 
Antarctic stations, where biologists are 
able to pursue their work in all seasons of 
the year. Yet because the Antarctic is 
remote and relatively inaccessible, our 
systematic knowledge of the animals which 
exist there is still incomplete. Much val uable 
work remains to be done in determining 
phylogenetic rela tio nships, especially of the 
Notothenioidei, and in the description of 
new fotm that continue to ap pear in our 
nets. 

[This article is a contribution from the 
Marine Science Institute of the University of 
South Florida. l.t is based, in part, on field 
work supported by a National S cience 
Foundation Grant to the University of 
Southern California, Los Angeles.] 

Island, which is about I ,400 miles southeast of 
Melbourne, where it has been estimated 7 per cent 
o f the population belong to the white phase. The 
bird from Narrabeen was unusual, as it was pure 
white ; usually there are a few black feathers in the 
white plumage. T he Sydney section of the 
Albatross Study Group have banded five of the 
white fo rm when catching albatrosses out at sea 
near Malabar Heights, Sydney. 
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INSECTS AND 
THEIR 

RELATIVES 
By J. LJN LEY GRESSITT 

Chairman. Entomology Department. Bishop 
'lu eum. Honolulu, Ha\\aii 

I NSECTS and thei r relatives form an 
important egment of the terre trial 

fa una of the Anta rctic Continent. Althoug:h 
the marine environment of the fringe of 
the Anta rctic Continent support a- very 
extensive fauna. the terrestrial environment 
is a much more rigorous one, si nce the 
tempera tu re of Lhe air (and consequently 
of the rock • p lants or other element 
forming the habitable niches) fa lls far 
lower than that of the water (wh ich canno t 
go below about - 2° C). The temperatures 
of the enviro nment of the free-living fau na 
may fall a low a - 50° o r - 60° in winter. 

With the adverse factors of the terrestrial 
environment, the number of pecies 
occurring i qui te limited. There a re about 
150 species of a rthropods known from 
the conti nent, incl uding parasitic species 
a nd ma rine mites. They include the 
principa l major group o f mite , Collembola 
(springtails), bi ting and sucking lice. a flea, 
and midge . 

The principal environments of the 
a r thropod include the vegetation, the under­
sides of rock , soi l, carcas es, ne t of ome 
kinds of birds (but not those o f the 
southernmost birds), and the intertidal 
zone. Some mites are also marine, and, 
though not part of the terrestrial fauna, 
they belong to the p rincipal group of 
free-Jiving terrestrial mites. 

Southernmost record 
Arthropod (in eeL and their relative ) 

occur a far o uth a 85u 32' S.. by 
the R obert Scott G lacier. at the southern 
end of the Ro Ice Shelf. One specie , 
the pro tigmatic (trombidiform) mite 

anorchesres antarcricus. ha been found 
there. Thi i the southernmo t known 
record for animal . and the outhernmost 
plant record from just a little farther 
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A worker collecting insects for the Bishop 
Museum. Hono lulu. on D eception Island, a rich 
insect environment in the South Shetlands, in 
1961. The collector, Thomas Leech, i in a moss 
field by a melting snow patch, and i u ing an 

a pirator. a common collecting tool. 

south in the same genera l area, at 86° 09', 
in the Ho rlick Mountain , where lichens 
have been found. The next southernmost 
record for animal is for rotifers, at 85° 09', 
on the Shackleton Glacier, and a lgae and 
bacteria were a lso fou nd in that area. 
At ju t a little farther north. 84° 47'. five 
sp_ecie of a rthropods were found- three 
mt te , allfarcticus, Prorereunetes 
maudae. and Stereotydeus shoupi, and two 
springtails, Anurophorus subpolaris and 
Tullhergia mediamarctica. 

I nsect and mites are actua lly the 
dominant land animal o f the Antarctic 
continent. ince the vertebrate are all 
associated with the ea, though a partial 
exception might be made for the kua. 
which feed at times on baby penguins. 
carrion or garbage. The arth ro pods occur 
in all habitable environment . The principal 
requirement for life are, of cour e, food. 
protection. ufficient humidity. and tolerable 
temperature. . All of the e factor have 
severe limitation in Antarctica, and are 
not nece ari ly at i fled in all area · without 
permanent ice. The continent i e entially 
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a cold de ert environment, a nd the normal 
humidity of the air i genera lly too low. 
a t lea t in more outhern a reas, to support 
li fe. In uch area the evaporation rate 
i too great. and li fe can only exist where 
now-melt on warm days can provide 
ufficient moi ture. Where temperatures are 

so low, and the a ir o dry, that snow ub­
limates directly on being heated by rock 
warmed in the un. life cannot exist. Thus 
there i a trip of a rea, in general landward 
o f coastline , where plants and animals 
cannot live, even where ice is absent, becau e 
of the dryne of the a ir, combined with 
con ta nt low temperatures. In the Ross 
Ice Shelf a rea, with exten ive mountains 
to the west and outh, li fe exists much 
farther outh than el ewhere. Mo t of 
the inland a rea of the continent a re covered 
with an ice-cap a mite or two thick. 

The lower winter temperature are perhap 
not a great a deterrent a might be suppo ed . 
Experimenta lly. ome of the Antarctic 
pecie have urvived temperature of about 

-50° C. T hi i pro bably clo e to the 
minimum tempera ture beneath the ground 
urface in the a rea where humidi ty j high 

enough to permit life. 

Lmportance of plants 
Since the primary food of the free-living 

(non-parasitic) arthropods consi ts of p lants, 
the former cannot exist without the latter. 
Be ide thi . the plant appear to be more 

Anurophorus subpolaris, 
one o f the two southern­
mo t springtail , Queen 
M aucl Mountain , near 
the south end o f the Ro ~ 

I ce Shelf. 
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tolerant of the extreme conditions of 
humidity and temperature. because they a re 
found a bi t farther from the coasts. and 
occur in more expo ed situa tions, uch a 
on the urface of rock. In general, the 
in ect a re in crack in rock and under 
loo e rock , pa rticularly flat rocks lying on 
soil. where humidity is generally much 
higher than in the open a ir. The e 
environment al o provide the necessary 
protection, for the winds of Antarctica a re 
general ly strong to severe. Flat rocks on 
oil or fi ne gravel (more common than 
oil ) eem to provide one of the most 

favou rable niches. The rocks mu t be 
heavy enough, or o situated as not to be 
blown by trong gusts of wind, but not o 
thick that the heat of the sun wi ll not 
pen~t rate ufficiently to warm the 
env1ronment beneath. This provide a 
tolerable envi ronment fo r the in ect. and 
al o favo ur more plant growth to provide 
food. Some arthropod . particularly the 
minute (and outhernmost) mite Nanorches1es 
antarcricus, appear to occur where no plants 
are in evidence. However. there are often 
micro copic a lgae and fungi in soil and 
gravel or under rocks. 

Favourable environments 
On the more northern fr inges of the 

conti nent, types of favourable enviro nments 
are more numerous. Bird ne ts. various 
type of debri , added type of p lant (grass, 
herb, hepatics, la rger fungi). eaweed. carrion, 
old bone , and human a rtefact (like boa rds) 
provide added niches. Volcanic heat al o 
provide favourable envi ronments. Among 
the niche where highe t popula tions have 
been found a re the under ides of old dead 
penguin with algae growing on the fea ther 
-even where the feather and meat have 
been eroded off the upper ide of the keleton 
by windblown and and now. The 
popula tion under one dead subadult penguin 
on Po e ion Island, off Hallett Station, 
approached 10,000 mite of two free-livi ng 
pecics, each just over a q uarter of a 

millimetre long a adult . H igh population 
of certain springta ils or mites are fo und 
in moss, among Prasio/a al!me. Usnea and 
Ramalina lichen-, and bulky ~bird nests such 
a tho e of the gull Larus dominicanus. 
Gra , or debri such a accumulated 
moulted fea ther . clo e to rookerie , and 
kua feather bolu e . may harbour very 
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Oribatid mite AlasJ..o=etes antarcticus on the 
underside of whalebone, A ntarctic Peninsula, 

196J. 

high population . The very den e 
population on the Anta rctic Penin ula 
often con~i t of the pringtai l Cryptopygus 
antarcticus or the wingle midge Belgi.ca 
antarclica, allhough the oribatid m1te 
Alasko::etes anlarcticus may occur in great 
numbers. The minute prostigmatic mite 
Tydeus tilbrooki occur in great numbers 
in everal genera of fru ticose lichen . or in 
mixture of Prasiola algae wi th lichens. 
Snow wi th growth of algae, Red Snow 
(Chlamydomonas) and Green Snow 
(Pandorina), are niche for pringtai l 
(Cryptopygus) or the mites anorchestes 
and Ha/o::etes helgicae. One Cryptopygus 
was even fo und in Green Snow on an 
iceberg. 

Greatest known concentrations 
The greate t known concentration of 

number of pecies of a rthropod in 
Antarctica are in the Antarctic Pcnin ula 
area, with the South Shetland I land and 
the South Orkney Island . Le er 
concentratious arc in orth and South 
Victoria Land . Jt is intere ting that eight 
free-living pecie have been found in 
Southern Victoria Land, and outhward. 
much farther outh than a ll the ice-free 
portions of East Antarctica (includi ng the 
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Au tralian and French terri tories. and the 
U.S.S.R., Japanese, South African, and 
Norwegian tation ), whereas on ly ix (one 
questionable) are known from East 
Antarctica (exclusive of Victoria Land). 
Twelve free-livi ng pecie are known from 

orth Victoria Land. ot only i there a 
high concentration of free-l ivi ng pecie 
in ictoria Land. but the greatest 
concentration of endemic genera occurs 
there, with three endemic genera of pring­
tail . a well a one of mite ·bared with 
Queen Maud Land. Only o ne endemic 
genu of free-living fo rm i known from 
Ea t Antarctica. al though the Antarctic 
flea, repre cnting an endemic genus, i known 
only from the area. There i only one 
endemic genu (midge, Belgica) known 
from the Antarctic Penin ula area (including 
the South Shetland ). 

The group of a rthropods repre cnted in 
the Antarctic terrestrial fauna include the 
five major group of Acarina (mite and 
tick ). pringrail . biting lice on bi rds. 
ucking lice on eals, the flea in petrel 

nests, and two species of midge , both in 
the South Shetland J land . and the wingles 
midge abo on the Antarct ic Penin ula. 
There are about equal number of free­
living and parasitic pecie on and around 
the continent. There are about SO terrestrial 

T he pringtail Cryptopygus antarctic-us. with eggs. 
young. anll moulted kins, Antarctic Peninsula. 
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mite (of which a dozen o r o a re parasitic), 
18 Collembola. 40 bird lice, 4 eal lice. 
I flea, and 2 midges- thus about 120 land 
pccics, plus nearly 30 known mari ne or 

intertidal mites. There are probably till 
a number of localized endemic free-li ving 
pccie to be di covered. a o me part of 

the continent known to upporl plant 
have not been iove tigated for insects. 

The arthropod . occurring in great 
number in favourable environment , play 
an important role in the ecology of land 
life on the continent, limited as that i . 
The numbers of individual of arthropods 
may reach population densities of up to 
100.000 per quare metre. although in more 
outhern populated area densitie may 

u ually be below 100 per quare metre. 
The higher populatio n densities may be 
hardly exceeded by tho e of the 
lower invertebrates- tardigrade , rotifers, 
nematodes, and protozoan . These lower 
group have not been ufficiently studied, 
and may have more or fewer pecies on the 
conti nent than do arthropods. 

Sea~onal activity is variable and till 
poorly understood. There appear to be 
many overlapping generation . with perhap 
each free-living specie over-wintering in a ll 
stage . There appears to be lowest mortality 
of eggs during winter, but a lways with 
adults surviving. Mo t stage can be found 

The winged midge Paro('lt/us steineni, South 
Shetland Islands. Thi i the ou thernmo t 

flying in~>cct. 
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The \\ingless midge Belgica anrarctica. Antarctic 
Pen in ·uta. Female at right. male a t left. 

at the beginning of pring and the end of 
autumn (say November and February in 
the far south). Sudden onsets of colder 
weather may retard activity a t any time in 
ummer, as during blizzards, or during 

midnight hour when the sun is quite low 
in the ky. r n the latter part of ummer 
continued cold weather may terminate the 
growing eason early, and even trap 
individual in in ufficiently protected 
environments for over-wintering. In the 
far o uthern areas it i difficult to find the 
hibernating in ect , but thi is perhap 
largely because the now-free ummer 
environment may be ice (frozen now)-
covered in wi nter. till at lea t la te October in 
the fa r outh . 

Zoogeographical relationships 
The zoogeographical relation hip of the 

Anta rctic fa una a re not very clear. This 
i becau e the primitive groups repre ented, 
particularly the free-living group (which 
are of more zoogeograph ic ignificance. 
~ince the para it ic one travel only wi th 
their ho ts) are poorly known in general. 
and for the Southern Hemi phere in 
particular. Apparent relationship are with 
all the outhern continent . but particula rly 
with South America and New Zealand or 
Au tralia. Only two fossil jnsects a re known 
- po sibly water beetle - from the north 
end o f the Antarctic Peninsula, piu an 
indeterminate neuropteroid type wing fro m 
the interior. Since their relatives are not 
known. they are of little help in working 
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out the history o f the fa una. In any case, 
it i obviou that Antarctica had an 
exten ive temperate fa una in the late Tertiary. 
l t i a l o certai n that distribution of land 
life was more limited during Pleistocene 
ice ages than at pre ent. Thus, probably 
a few specie per isted through the ice age, 
and additional ones have been brought to 
the continent ince the Plei tocene by wind 
and bird . Chance of repopulation by 
these method are. of cour e. limited. For 
instance. normal surface winds blow outward 
from the centre of the continent. However. 
a number of non-Antarctic in ects, mite 
and pider have been trapped from the 
ai r on and around the continent. 

The hi tory of d iscovery of Antarctic 
a rthropods i fairly brief. About one-th ird 
of the known specie were discovered by 
the early expedition of the "heroic period' ' 
of the end of the nineteenth century and the 

start of the twent ieth century. T hen less 
than one-third (mo tly parasit ic species) 
\ ere di covered during the following five 
decade . and the balance of more than 
one-thi rd came to light in the past decade, 
ince the International Geophysica l Year, 

mainly through the effort of the United 
States Anta rctic Re earch Programme. the 
Briti h Antarctic Survey. the Au tra lian 
1 ational Antarctic Re earch Expedi tion , 
and the New Zealand Antarctic Re earch 
Programme. The information on the fauna, 
both taxonomic and ecological, has been 
umrnarized, o r pre ented for the fir t 

time, in Emomology of Anrarcrica. Antarctic 
Re earch Scrie volume 10 (American 
Geophy ical mon. Wa hington. D.C.), 
1967. 

[The phoTos in rhis article are by R. Leech; 
the drawings. 1rere prepared under the direction 
of Fire aurlror.] 

BOOJ REVIE T¥ 
A IJ\1A L LOCOM O T ION, by ir James Gray. 
Wcidcnfeld and icol on. 458 pages. ~1any 
illus tra tions and diagra m . Bibliography a nd index. 
Price. $18. 

During his long career as P rofessor of Zoology 
at the University of Cambridge, Sir James Gray 
became not only the "Grand Old Man of British 
Zoolog) ·· but al o the world authori ty on the 
locomotion of animals. More than thirty of hi 
cicntific paperc; were concerned with the topic. 

So also was hi H ow Animals M ol'l!, fir 1 published 
in 1953. 

1t is certain that the insight and illumination 
which Sir James shed on the problems of animal 
locomotion by using comparati,ely simple 
techniques of analysis enthu ed a considerable 
number of undergraduates and junior colleagues 
to follow his lead. Thi re ulted in the growth 
of a literature which has now become voluminou . 
Most of it is scattered through the learned journals 
and. therefore, in as embling much of it between 
two covers thi pre ent book performs a very 
useful sen ice. Animal Locomotion is essentially 
a te\t "hich is a mu t for an) specialist in the 
field. but it i also a book that ma) be read with 
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profit and indeed pleasure by anyone interested 
generally in animals and or functional anatomy. 

The first and larger part of the book is devoted 
to the \arious problem (and their solu tio ns) 
encountered by the differcru classes o f vertebra tcs. 
That the vertebrates should occupy such a 
prominent po ition in the book i understandable, 
not only becau e they are the most studied but 
al o because it is in them that o ne can sec the 
veq clo e correlation between their evolutionary 
history and the extraordinary adaptability o f 
their limbs. This is not to say that invertebrate 
an ima ls are dic;regarded. They are consider ed 
in six chapter in the second part o f the book. 
but here the emphasis i more on mechanisms 
of the co-ordinatio n of mo,ement than on the 
dynamics o f skeletal and mu cle systems. 

The book, as one expect from the publi hers 
of the serie .. The World aturali · t .. , is attracti\cly 
presented with clear print, many line drawi ngs, 
and seve ral interesting photograph . The 
bibliography comprehensi'e and the inde\ 
good. 

- J. R . Simons. 
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Amarctic echinoderms: A , an ophiuroid with branching arms, Gorgonocepha/us chi/ensis: B, a crino id. 
Notocrinus virilis; C , a regular echinoid, Ctenocidaris s pecies. [Photo : Smithsonian Institution.] 

ECHINODERMS 
By OA YID L. P A WSON 

Supervisor, Division of Echinoderms, Smithsonian Institution, Washington, O.C., U.S.A. 

MOST people are fami liar with the 
starfish, which clings to rocks on 

o ur seashores. This animal is a 
represen tat ive of a very large group of 
an imals called echinoderms ("spiny skins'·). 
which includes the starfish (asteroids), brittle 
stars or serpent stars (ophiuroids), sea 
cucumbers (holot.burians), sea -urchins or 
sea eggs (echinoids), a nd sea lilies or feather 
tars (crinoids). A representative of each 

group from Antarctica is illust rated here. 

Echinoderms are exclusively marine 
a nimals, and they are found in a ll seas, 
from the shore to the bottoms of the deepest 
trenches. Indeed, in very deep water, they 
can comprise up to 95 per cent o f the total 
weight of ani ma ls (biomass) on the sea 
floor. They are generally rest ricted to 
the ocean floor, although a few are known 
to wim for varying periods of time. 
Echinoderms are unique in having a water 
vascular ystem- a y tern of fluid-filled 
tubes withi n the body that controls the 
function of special organs caJled tube feet , 
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which the animal uses for locomotion . 
The body is generally enclosed in a rigid 
or flexible armour (test) of hard plates 
made up of calcium carbonate in the form 
of calcite, and many echinoderms have 
spines, lumps, and bumps on the body, 
also made of calcite. In mo t sea cucumbers, 
the plates of the body are reduced to form 
tiny microscopic particles, and thus the 
body wall is usually soft or leathery. 

As a gro up, t he echinoderms have a very 
respectable history, being known since the 
Cambrian era ; they have therefore had a 
known time-span of at least 600 million 
years in which to develop into their present­
day forms. Some echinoderms live attached 
to hard bottoms (for example, rocks) and 
feed on small organisms drifting in the 
surrounding water, whi le others are soft­
bottom dwellers, deriving nutriment from 
the sea floor either by swallowing mud or 
by selectively picking up small o rganism s. 

Our knowledge of Antarctic echinoderms 
stems from over I 00 yea rs of exploration 
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in Antarctic and subantarctic seas. The 
echinoderms collected by several Aust ralian, 
British, and other European expeditions 
have been described and di cussed in large 
ill ustrated monographs. but nevertheless the 
job is nowhere near complet ion and there 
is still much to be learned a bout the 
echinode rms of the southern oceans. 

Origin 
There are very few clues as to the on gtn 

of the Anta rctic fauna. Fossils, which are 
so useful in o ther parts of the world in 
determi ning origins and relationsh ips ?f 
echinoderm faunas, are not common 111 

Antarctic rocks, or at least few have been 
d iscovered. On Snow Hill Island, near 
the Antarctic Peninsula. a small collection 
of fos il echinoids was made by the Swedish 
South Polar Expedition !901 - 1903. The 
spectmens were from the Eocene and 
Cretaceous eras. They incl uded 
representatives of two families and one 
s ubfamily that a re no lo nger represented 
in Antarctic waters. It is possible that 
t he Antarctic fauna at that time was quite 
different from what it is today- probably 
the water was warmer. I f this is true, 
then the fauna of today is relatively "young". 
H owever, results afforded by various living 
groups of echinoderms are conflicti ng. On 
the one hand the echino ids of Antarctica 
appear to have evolved there from previously 
existing forms, and there is no evidence 
that echinoid pecies have migrated from 
elsewhere into Antarctica. O n the other 
hand. the structure and relationships of 
the holothurian fauna indicate that the 
fauna was derived fro m the north and 
west, and we can eek and fi nd relatives 
of Antarctic species in a reas such as 
southern South America a nd the su b­
antarctic islands. 

Structure 
All five gro ups of echinoderms a re 

represented in Antarctic a nd subantarctic 
regio n . The approximate number of species 
o f each group known from depths of less 
than 1,000 metres (abo ut 3.300 feet) in 
Antarctica proper is as follows: astero ids. 
I 00 ; o phi uro ids, I 00: echino ids, 50: 
holothurians, 40 ; crinoids, 20. 

T he total number of species fro m 
Antarctica is thus approximately 310: this 
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represents about 5 per cent of all known 
living species of ecbinoderms. T his figure 
is surprisingly smal1, in view of the vastness 
of t he Antarctic ocea n. but it may tend to 
be misleading. for a characteristic of the 
echinoderm fauna of Antarctica is that 
seve ral la rge groups of echinode rm s are 
not represen ted in Antarctic seas or a re 
very poo rly represented. For example, 
among the sea u rchins there a re more than 
fifty families living today, and only six 
occur in Antarctic waters. The strange 
composition of the Antarctic fauna is 
undo ubtedly a reflection of the very low 
temperatu re of the area. 

Distribution and relationships 

Analysis of the southern oceans 
echinoderms shows that the re are four 
main patterns of distribution, when we 
consider the genus leve l of classification : 

e Genera which are circumpo la r 1n the 
Antarctic region o nly. 

e Genera which are circumpo la r in the 
Antarctic region only, but which also 
extend n o rth to the Magellanic region of 
South America (a few a lso extend north 
towards Kerguelen Island). 

• Genera with circumpolar o r partly 
circu mpo lar distribution 111 the sub­
a ntarctic region, bu t with no representatives 
in the Antarctic region (except perhaps 
South G eo rgia. which is an intermediate 
i land). 

(Continued 0 11 page J 32) 

OPPOSITE 

A nta rctic echinodcrms: A , an astero id, 
Bat hybiasrer /oripes, dorsa I view : B, an 
ophiuro id, Ophiurolepis gelida, parasitized by the 
sponge lophon radiarus; C. a brooding asteroid, 
Diplasterias brucei, with young c lustered a round 
the mouth: D, a n irregular echino id , Abmus 
spec ies, dorsal view; E, the same as D , bu t with 
spines removed to show four brooding chambers 
in which the you ng are carried : F , a ho lo thurian. 
Cucumaria species, lateral view; G , a 
holothurian. Psolus squamatus. lateral view ; H , 
a n ophiuroid , Ophiurolepis species, ventra l view: 
l. same as H. do rsal view. (The I cent imetre 
scale applies to a ll specimens except A , which 
has a 2 centimetre sca le. One centimet re eq uals 
a bout two-fifths of an inch. ) [Photos: Figs A. 
C. by cou rte y of Helen E . S. Cla rk ; others. 

Sm ithson ian lnstirution.] 
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• Genera which occur in various southern 
land-masses, but are unknown elsewhere. 

There are some exceptions to the 
categories above. but most genera display 
one of these distribution patterns. Several 
Antarctic echinoderms are shared with the 
Magellanic region, and tha t area is regarded 
as a portal of entry into the Antarctic region. 
No clo e relationship exists between the 
fauna of Antarctica and that of New Zealand, 
Australia, or South Africa. The southern 
oceans may be broadly divided into severa l 
fauna! regions on the basis of echinoderms. 
These, broadly speaking, are the New 
Zealand-Australia region, southern Africa 
(which shares several species with Western 
Australia), the high Antarctic region, the 
ubantarctic region (which includes all of 

the isolated subantarctic isla nds). and 
southern South America. Southern South 
America is unique in having a mixture of 
subantarctic a nd Antarctic faunas. 

Breeding and brood protection 
In the echinoderms the sexes are usually 

separate, males and female existing a 
such. unchanged, for their entire lives. 
However, many pecies are hermaphrodites, 
producing eggs and sperms at the same 
time, or at different times. Various kind 
of development can take place in 
echinoderms, but two broad types are 
recognizable. Most warmer water specie 
have a f ree-swimming stage called a larva. 
The fertilized egg develop into the minute 
larva, which swims a nd feeds in the plankton 
fo r several week , and then becomes trans­
formed into a miniature adult which sinks 
to the sea floor. This type of development, 
egg-larva-juveni le, is termed indirect. The 
other type, in which the free-swimming larval 
rage is om itted, is termed direct; here the 

egg develop more o r less directly into the 
juvenile. 

It is an interesting fact that in the 
southern oceans the direct type o f 
development is prevalent. and many 
Antarctic echinoderm have developed special 
mechanisms which enable them to protect 
their developing young- a phenomenon 
known as brood protection. The brooding 
habit is not restricted to Antarctic form s, 
but by far the greatest number of brooding 
echinoderms are found in Anrarctic seas. 
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Let us consider the brood ing habit in each 
of the five main gro ups: 

• Sea cucumbers: The young may simply 
be held on the external surface of the 
mother, in the tentacles or somewhere on 
the body wall, or they may be retained in 
specially developed pouches or pockets. 
Still another kind of brood protection is 
found in one species, where the eggs are 
retained inside the ovary of the mother 
and develop there into juveniles ; presumably 
they are liberated to tbe outside by rupture 
of the body wall. 

• Sea urchi ns: Several Antarctic species 
carry young either a round the mouth or 
the anus, protected by spines; in some, 
the a rea around the mouth may be unken 
to form a brood chamber. In the irregular 
echinoids (that is. those echinoids which 
are more or less elongate and flattened) 
brooding takes place in four unken brood 
chamber on the upper su rface of the body. 
The young are he.ld in the chambers by 
means of short spine , which form a roof. 
It is believed that almost al l of the Antarctic 
irregular echinoids brood their young in 
this way. 

• Sea lilies: Most crinoid have a free­
swimming larval tage. but several Antarctic 
specie have developed special brood 
chambers on the a rms in which the young 
develop, and the larval stage is suppressed. 

• Starfish: In most of the brooding 
Antarctic asteroids the young are held on 
the under ide of the body, a round the mouth. 
The minute starfishes are often held together 
by a serie of trands of tissue om'l;what 
reminiscent of umbilical cords; however, 
it is believed that no nourishment passes 
through these strand . ] n a few other 
species the young are carried on the upper 
surface of the body. 

• Brittle stars: 1 n the brooding oph i u roids 
the eggs are discharged into special sacs 
inside the body called bursae. There they 
are held until they have developed into 
young brittle star , when they are released 
to the exterior through the ten bursal slits, 
which open on the underside of the body. 
One can often see tiny arms projecting 
through the bursal slits when one is 
examining a fresh or preserved Antarctic 
brittle star. 
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Although there a high incidence 
of brood protection in the Antarctic region. 
brood protection i nowhere near a common 
in the Arctic. A po~ ible advantage of 
brood protection lie. in the fact that there 
are no larvae to be expo ed to the vagarie 
of ocean current s. and thu a high 
percentage of the young have a good chance 
of urvival. In the ea e of echinoderm~ 
with indirect development. the pre ence of 
floating larvae help to di per e a specie!. 
but the chance~ of urvival of any one 
embryo a re relatively lim. lt i for thi 
rea on, apparently. that pecies which 
develop indirect)) produce great number 
of egg , and con equently larvae, while 
direcr developing or brood-protecting pecie 
produce far fewer egg5.. 

The que5.tion which ha not yet been 
ati factorily an!.wered 1 : wh] i brood 

protection '>0 much more common in 
Antarctic than in Arctic ea , and "h) 
ha 1t ari..,en? The only ph) ical factor 
which may po!...,ibly be re pon ible for the 
high incidence of brood protection in 
Antarctica i. the low ambient temperature. 
Perhap a biological factor i!-. acting. too, 
for it ha!-. been hown that. in the ea e of 
at lea t o ne indirect developing Antarctic 
·tarfi h, development of the la rvae i timed 
to coincide with the ummer bloom of the 
minute plant~ which constitute the 
phytoplankton and upon which the 
echinoderm larvae feed . During other time 
of the year in Antarctica the available food 
material i dra!.tically reduced. and thu it 
may be more "convenient"· to protect a 
brood rather than be tied to a n a nnual 
bloom of phytoplankto n. Low temperature~ 
and annual bloom of ph) toplankton are 
at o t) pica I of Arctic . ea . and the 
di crepancy between the Antarctic and 
Arctic in the incidence of brood protection 
remam a my tcry. 

General biology 
The t ud) of the general biology of 

Antarctic cchinoderm i~ till very much 
in it infancy, becau e of the obviou!. 
difficultie!. involved in conduclin!! fieldwork 
in the area. However. !.omc -land-ba ·ed 
re earch ha~ been carried out in the Ro 
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Sea area, and the technique of taking ea­
floor photograph from hip i now 
providing \Cry aluable information. A 
triking feature of the fauna (which the 

photograph ho\ ) i that in ome area 
echinoderm a re dominant. and they form 
a thick carpet over the sea floor. lt i not 
uncommon to pull up a dredge crammed 
with britt le star or feather tar and little 
el e. The Antarctic echinoderm have the 
u ual complement of para ites, perhap the 
most interesting being a sponge which 
grow all over the disc and arm of certain 
brittle tars. Many ea urchin are burdened 
by other animal , which live on their pine!). 
The e include various hellfi h. worm , 
sponge , coral-like animal . and even other 
echinoderm . namely ea cucumber . 

Future re earch 
Many detail · about the di tribution of 

Antarctic . pecie remain to be gathered. 
Until recently. ampling of the ._ea fl oor 
ha been ··~potty ... but e ·pedition at prc ent 
in progress and tho e planned for the near 
future ~hould help to fill numerou~ gap . 
and wi th in the next few year we hould 
have a far more meaningful picture or the 
patterns of di. tribution. 

A great number of que tions remain to 
be an wered. How do e entially tationary 
Antarctic echinoderm (that i . tho e attached 
to rock~) which have no floating larvae 
achie e uch a wide di tribution ? Wh) 
are ome group of echinoderm unable to 
tolerate Antarctic condition while other 
apparently nouri h there ? What are the 
real advantage of brood protection. and 
wh) i it prevalent in Antarctica? How 
do the variou echinoderms live? When 
do they breed? And o on. 

With the aid of re earch ba ed on the 
Antarctic continent. dredging, and ·ea­
floor photography. it i hoped that ome 
of the above que tion may be answered. 
So far. !-tome of the an wer have been 
completely unexpected, and an em inent 
zoologis t wa recen tly prompted to ay of 
these animals: " I a lute the 
echinoderm as a noble group e pecially 
de igned to puzzle the zoologist··. 
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The author (left ) and Jack 
Liulepage. another 
American biologist, lower 
a trap through the sea ice 
at McMurdo So und. A 
variety of fish and inver­
tebra te were obtained in 
thi manner. Mount 
Erebu b in the back­
ground. [Photo: U.S. 

Navy.] 

BENTHIC INVERTEBRATES 
By JOHN H . DEARBOR . 

As istant Professor , Oep~utment of Zoology, Uni\'ersity of Maine, Orono, Maine, U.S.A. 

THE circumpolar eas outh of the 
Antarctic Convergence abound with an 

a toni hing variety of life. Some of the 
larger vertebrate which occur there. uch 
a whales. seal • and penguin , a re rea onably 
wel l known. Not so fami liar a re the 
drifting (plank tonic) and bottom-dwelling 
(benthic) invertebrate animals, which are 
found in very la rge number . For example. 
one species of ma ll pelagic cru tacean, 
Euphausia superha. commonly known as 
krill, occurs in such number that literally 
ten of thou ands of individual may be 
eaten by a baleen whale a t a ingle feeding. 
The number of benthic organism in this 
region a re no le impre ive. At McMurdo 
Sou nd in the outhwe tern Ro Sea 
individuals of everal genera of mall 
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gastropod mollu c such a Margarel/a and 
Subonoba may number in the thou and per 
quare metre of bottom. In certain part 

of McMurdo Sound the tanaidaccan 
cru tacean Nowtanais antarclicus occu r in 
number exceeding 14,000 per ·quare metre. 

To the pecialist, each group of Antarctic 
benthic invertebrate pre ent unique and 
chal lenging problem . yet there are ome 
generalization which can be made a bout 
the Antarctic fauna a a whole. Although 
there a re exceptions to all of these general 
statement . the marine benthic invertebrate 
fauna seems to be characterized by great 
diversitv. an abundance of e ile colonial 
. u pen "ion feeding organi m • many endemic 
form . and many pecie with direct 
development. 
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Diversity 
All major extant phyla of invertebrate 

and most minor phyla with marine member 
a re repre ented in Antarctic eas. 
Foraminifera are abundant and a re the be t 
known of the Protozoa in the region. 
Sponge are very abundant. e pecially in 
depth between 50 and 400 metre . 
Siliceou ponge with long glassy picule 
are mo ·t common and may reach 
con iderable size. Individuals of the genu 
Ros.se!la. for example, grow to a height of 
nearly I metre in the Ro Sea. 
Coelenterate are con picuou , particularly 
toloniferans such as C/a1•u/aria, gorgonacea n 

(horny corals). pennatulacean (sea pens 
and ea pansie ). and actiniarian ( ea 
anemone ). emertean worm are 
abundant as are the polychaeles or egmented 
marine worms with over 450 species knwon 
from Antarctic water . 

Certain group of marine arthropods a re 
very abundant in the Antarctic, but other 
are carce or absent. 0 tracods. copepod , 
my id . cumacean , and e pecially amphipod 
and isopods are very numerou . However. 
only eight or nine pecies of decapod 
cru tacean have been recorded from the 
Antarctic and these a re all hrimp . Such 
common animals in temperate and tropical 
water a crab and lob ter are ab ent. 
The cavenging ro le u ually filled by crab 
and lob ters in temperate sea are taken 
up in the Antarctic by amphipod and large 
i opod uch a Glyplonotus antarclicus. 
The pycnogonid or ea spider are mo t 
abundant in the Antarctic. with at lea t 
three time a many pecie there as in the 
Arctic. 

The molluscs a re not well represented 
in the Antarctic compared with other 
regton of the world, although a ll of the 
major types are pre cnt- amphineurans 
(chiton ). ga tropod ( nails). bivalve · 
(clam ). caphopods (tusk ·hell ). and 
cephalopods ( quids and octupu e ). Only 
about 90 fami lies averaging le than four 
specie each are found ..... compared with 
about 160 familie known from New Zealand. 
This is one of the few large phyla that are 
more abundant. in term or number of 
pecie . in the Arctic than in the Antarctic. 

Brachiopod (lamp hell ) and bryozoan 
(mo animal ) are abundant in outhern 
ea . the latter group. together with pongc 
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and coelenterate , forming a very sub tantial 
part of the thick mat of uspension feeding 
organisms wh ich is so characteristic of 
many parts of the sea floor in thi region. 

One of the mo t colourful and obviou 
elements of the benthic fauna i the phylum 
Echinodermata. All group of echinoderm 
are well repre enred- crinoid ( ea lilie 
and feather tar ). a teroid (sea tar ). 
ophiuroid (bri ttle star ), echinoid ( ea 
urchins), and holothuroid ( ea cucumbers). 
There are 37 pecie of sea star and 33 
pecies of britt le tars or serpent sta r 

known from the Ro Sea alone. There 
are. at present. about 270 specie of 
echinoderms known from Antarctic ea . 
compared with about 60 pecie known 
from the polar Arctic. 

uspension feeders 
The wealth of biological material collected 

recent ly by various expeditions in the 
Antarctic and the evidence provided by 
recent underwater photograph taken mo tly 
by American and ew Zealand worker in 
the Ro s and Weddell Sea confirm the 
fact that ses ile, colonial, suspension feeding 
organi m dominate the benthic community 
in high southern latitudes. The mo t 
obvious of these a re ponges. colonia l 
coelenterate uch as gorgonacean , and 
bryozoans. They form an intricate mat of 
livi ng animal which may reach a height 
of nearly I metre. Other benthic u pen ion 
feeder include many tube-dwelling 
polychaete , bivalves. mall cru tacean . 
brachiopod , and a cidian . 

In using the term " u pen ion feeder .. 
here I am referring to the general condition 
in which animals obtain pa rticulate material 
from the water for food. Strictly peaking, 
u pen ion feeder like colonial coelenterate • 

certain polychaete . bryozoans. brachiopod . 
and certain echinoderm • which imply 
remove particle from the water a it pa e 
over their bodie , ma) be di tingui hed 
from filter feeders like sponge , many 
ga tropods and bivalves. and many 
cru ·taceans, which actively pass water 
through parts of their bodies. The 
. pecialized tructure!) u ed to filter the 
water usually retain particle according to 
ize and hape. However. difference 

between filtering and non-filtering u pen ion 
feeders are no t alway well defined. The 
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Common bent hie iO\ertebratcs at McMurdo Sound. A teroid · a t left centre arc Odo111a fer l'()/idiiJ 
(one o ral and two aboral views). at the top and right centre three s rccimen of Dipltwerias br11cei, and 
at lower right a Perkna~1er /11.\'CII.\" alllarclicus. The i-.opod (lower left) i- G/ypiOIIolus anla!·cficu.\". The 
-,hrirnp (bouom cent re) i Chorismus fmlarctim.\. An echinoid. 'iterechinus neumareri. is at lefl centre 
near the Odonlmler ''ttlidus. and the three ophiuroid in the centre are Opltiurolepis recie . l the 
upper right b a pycnogonid. '' ith shadow creating the appearance o f an extra set of leg . a nd at top 
centre are two ,aJ"e of the clam Throcia meridionalis. Bit of br)OLoan colonic a nd a calcarcou-. 

\\Orrn tube are also seen. [Photo: a\y.] 

imponam point is that in Antarctic ea 
s u pen ion feeder of o ne ort o r another 
dominate. 

Man) other organi ms live in or on top 
of the living mat. Some are mall u pen ton 
feeder , other are carnivore or cavenger!., 
and ome are both. They freque ntly show 
modification for their ·pecial exi tence of 
clinging to delicate branche of other 
animal . Many bivalve . for example. have 
e ten ive by u Lhread by which the) 
auach themselve . Certain cru taceans and 
brittle ta r have pine or other projection 
which pre umably aid in maintaining a 
favourable po ition in the mat. 

Endemic form 
An important con ideration about the 

dbtribution of the Antarctic benthos is 
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that many group are high ly endemic­
that i , many genera and pecie are confined 
to the Antarctic region and d o not occur 
el ewhere. There are many example that 
can be cited. Seven out of eight pecie of 
cleractinian coral known from the Antarctic 
he lf are re tricted to the region. The 

polychaete fauna con i t ~ of r'iiore than 
50 per cent endemic pecie . More than 
70 per cent of the ·pecies of amphipods 
and i opod are apparently endemic. 
Among the mollu c . probably 80- 5 per 
cen t of the pecie of ga tropod are 
re tricted to high o uthern latitude and 
at iea t 75 per cent of the bivalve are o 
limited. About 70 per cent of the 
echinoderm ~pecie~ and 30 per cent of the 
genera arc confined to the Antarctic. 
Among pccific group of echinoderms-

rluslro/ian J\ a rural H i.vlory 



den c mat of ponge:., 
bryozoan~. a nd gorgo­
nacean~ o n the sea Ooor 
at a depth o f 110 metre 
ca::.t of Beaufort i sland in 
the outhwestern Ros 

ea. crinoid i seen at 
upper left. and part of a 
ea !>tar in the top left 

corner. [Underwater 
JlhOtO b) COUrteS) Of the 

ew Zealand Oceano­
grarhic lnstitULe.] 

for exa mple. crinoid - the percentage are 
even higher. lt i clear from these data 
that the invertebra te fa una of the Antarctic 
·ea fl oor, in general, i very independent 
and restricted in it redi tri bution. Many 
of the form that arc not restricted to an 
Antarctic distribution a re found in other 
pa rts of the world only in deep water. 

Direct de,•elopment 

Many Antarctic invertebrates have re­
productive habit in which eggs and larvae 
a re protected during development Large 
yolky egg are usually produced . Many 
pecies are ovoviviparou . tha t i . the yolky 

egg are retained and hatch within the 
female and the young are l hen released to 
the o utside. Many other fo rm have pecial 
brood pouches for the pro tection of egg 
and young. Thi habit of providing ome 
form of protection for developing offspring 
is termed direct develo pment a oppo ·ed 
to indirect development in which mall 
egg are relea ed and the orga nisms pas 
through a series of free- wimming pelagic 
larva l tage . 

Direct development 
e pecially common 
anemone . polychaete . 
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of ome ort i 
among Antarctic 
bivalve . asteroid . 

ophiuroid . and echinoid . The production 
of large yolky eggs and brood protect ion 
of egg and young increase the chance 
of . urvival for each new individual. Many 
fewer eggs are produced by animal having 
direct development than by rh o e having 
indirect development. 

ome ecological considerations 

The 12 million quare miles of Antarctic 
ocean represent one of the richest biological 
a reas in the world. Upwelling of water 
around the cont inent replenishe nutrient 
~uch as phosphates, nitrate . and ilicate 
in the upper layer . In pring and urnmer 
rich blooms of phytoplan kton provide food 
for myriad of animal . So me of 
the planktonic animal feed directly on 
the plant . but many others. like the large 
copepod Euchae1a a171ar c lica. are carnivorou . 
The planktonic plant and animal and 
their remains, along with the uspended 
particulate remain of benthic form , a re 
uti lized by tho e va t numbers of micro­
phagou u pen ion feeder which dominate 
the benthos. 

Water temperature throughout Lhe year 
a re low and. e pecia lly in the highe t 
latitude , are very con tant. At McMurdo 
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An oral view of a living female asteroid, Diplasrerias brucei, with brooding young co mpletely 
covering the mo uth and basal portions o f the arms. The specimen was co llected at M c M urdo 

So und in December, 1959. [Photo : U .S. Navy. ] 

Sound water temperatures from the surface 
to the bottom vary throughout the year 
less than 2° C around a mean of minu 
1·8° c. 

The irregular topography of the bottom 
around the Antarctic Continent and the 
fact that sediments are carried north away 
from the conti nent by strong bottom currents 
mean that there are few large areas of level 
ea floo r where oft ubstrates accumulate. 

However, many other kinds of materials, 
such a s shell !lravel. rocks, and 
combinations o f thes'e, a re co mmo n, and 
this variation in botto m type is reflected 
in the kinds of pla nts and animals that are 
found. 

At McMurdo So und, for example, most 
of the shoreline and bottom o ut to a depth 
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of 15 to 20 metres i compo ed of rocks, 
cobble, gravels, and sand of volcanic origin. 
Scouring action of ice a long the sho reline 
and frozen substrates in very shallow water 
effectively eliminate a permanent intertidal 
fauna. Between 20 and 50 or 60 metres 
the bottom usually con i ts of gravel or 
rocks co vered with debris from dia tom , 
siliceo u sponge . hydroids and b ryozoan , 
some living ponge , and biva lve remain , 
mostly the empty valves of Limatula hoc/gsoni 
and Thracia meridionalis. In deeper water 
the bottom is covered with the thick mat 
of sponge , coelenterates. and bryozoans 
already discussed . 

What of the invertebrate animals living 
on the bottom beneath permanent sea ic'e 
o r extensive ice shelves such as the famous 
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Ro Ice Shelf? How far back from the 
leading edge of uch ice barriers do botto m 
animals live? Are they the same kind of 
organi m that occur on the sea floor over 
which there is no permanent ice cover? 
One recent study of specimens co llected 
thro ugh crack in the Ros Shelf nea r 
White Island and the mouth of the Koettlitz 
Glacier, outh of McMurdo So und. has 
hown that a variety of different type o f 

invertebrates do indeed occur on the botto m 
a much as 28 kilometre back from the 
leading edge of the Ross She lf. The absence 
from lhese ... collections of certain very common 
beuthic organisms found regularly at 
M cM urdo Sound outside the influence o f a 
permanent ice cover, such as the bivalve 
Limaru/a lwdgsoni and a ea s tar, Odontaster 
va/idus, uggests real difference in the 
composition of the two faunas. The 
difficultie of drill ing or blasting through 
hundreds of feet of jce are obvious. Perhap 
detailed studies of faunas under permanent 
ice will have to wai t until appropri :3 te 
ubmer ible vehicles are available. One 

a pect i clear. Without any avai lable 
light for photosynthe i to occur, all the 
living phytoplankton and plan t debris, upon 
which all animals ultimately depend for 
food , would have to be tra nsported under 
the ice by currents. The amount of nutrients 
a nd dissolved oxygen in the water would 
a l o be controlled largely by currents. 
Such a pecialized environment poses new 
and fa cinating que tion to the marine 
ecologi t. 

Benthic invertebrates a re important foods 
fo r certain vertebrate in the Antarctic. 
Tremaromus bernacc!Jii, the most common 
bottom fi h at McMurdo Sound, feeds on 
representatives of at lea t nine invertebrate 
phyla. Prey organisms most heavily utilized 
by thi luggish, big-headed, rather stubby 
noto theniid fish are polychaete worm , 
gammarid amphipod . i opods. and 
ga tro pod . A close relative, T. centronotus. 
ha very similar feed ing ha bits, except that 
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o tracod and ga tropods are taken more 
freq uent ly. 

Benthic invertebra tes are of less 
importa nce in the d iet of Antarctic seals 
which tend to feed more on fish o r pe lagic 
invertebra tes such a the shrimp-like krill 
or quids. (See " The Ross and Othe r 
Antarctic Sea l ··, by Judith E. King, 
Australian Natural History. Vol. 16. o. J, 
Ma rch, 1968, page 31- 32.) Wedde ll Seal . 
however. in addition to feeding o n fi sh and 
certain planktonic crustacean , a l o take 
benthic a mphipod s, isopods, shrimp, a nd 
cephalopods (e pecia lly small octo puses of 
the genus Pareledone). 

Since 1958 probably more marine 
invertebrates have been collected in the 
Antarctic than in a ll previous year put 
together. This wealth of materia l has been 
obtained through the efforts of many 
nations, especially Argentina, Austra lia , 
Chile, France, Great Brita in, Japan, New 
Zealand, the Soviet Union, and the United 
State . Research workers in these and 
other nations are now faced with the 
fo rmidable task of identifying, describing, 
and reporting on the e collections. The 
re ult of such sy tematic and zoogeographic 
s tudies should provide us with a fi rm 
knowledge of what organ isms are pre ent 
and how they a re d istributed . But thi i 
not enough. We need to know the 
mechanisms by which animals a re adapted 
to tbe uniformly cold environment. We 
need sufficient life-hi tory informatio n to 
te t conclusively the generalizatio ns abo ut 
the Antarctic benthos discussed a bove. 
With the excellent bore Jaboratorie and 
oceanographic ves els now availa ble, 
biologists are able to investigate, using live 
specimens, basic problems in the physiology. 
behaviour, and ecology of Antarctic 
in vertebrates. lt i these sorts o f stud ie . 
only recently made possible. that will 
provide answers to ome of the mo t 
intriguing que tio n we now have abo ut 
the animals of the ea floor. 
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LIFE IN PRIMAEVAL TIMES 
By EONA P. PL MSTEAD 

Univer it. of Witwa tcrsrand, J ohannesburg, outh Africa 

F O U R hund red year ago. in 1570. 
Orteliu publi hed a map of the world. 

The outl ine of Africa were fair ly well 
known becau e of the route to India, and 
Magellan had circumnavigated South 
America 50 yea r before: the o the r two 
great o uthe rn continents. however. were 
ti ll hro uded in mystery and fable. o that 

Oneliu placed a wavy line right ac ro s 
the o uthern portion and w rote beneath 
it. " Te rra Au trnli nondum cognita·· (the 
Southern Land not yet known). for he 
believed that it exi ted. 

T wo centurie later Captain Cook wa 
e ngaged on hi three fa mo u voyages which 
played o great a ro le in sou thern e ploration. 
He wa~ the fir t to sail right round t he 
world on latitude 60- S .. a nd so demon'ltrated 
that Au tralia v.a a eparate continent. 
It wa on the -.econd of hi voyage that be 
:.ai led far enough ~outh through the pack-ice 
to ee unbro ken ice rising in a lti tude. He 
counted ninety- ·even "ice hill ·· bu t could 
ee no land. Thi wa Antarctica, and he 

described it as follows: " Countrie 
condem ned to everla ting rigidity by nature. 
never to yield to the warmth o f the un. 
for who e \Vi ld and desolate a peel I find 
no word ··. 

In rhi century. explorers have di covered 
that the two continent of Au tra lia and 
Antarctica. linked together by Orteliu in 
ignorance. mu t have been far mo re closely 
related a nd may actually have been connec ted 
in the pa t. for they shared the same 
clima te and upported the ame plant and 
ani ma l life for an immen e length of time. 
T o Captain Cook uch a tatement would 
ha e eemed ab urd. The pre-hi tory o f 
Antarctica i , however. wri tre n in it rock 
in the form of remnants of plants and 
animals of diffe rent kinds and of many 
ages. which o nce li ved in the now ice­
b'O und a nd lifele continent. The c fo il , 
a they are called. have told u o much 
about the climate a nd the envi ronments 
in which they lived and have revealed uch 
c lo e relation hip with the pa t life of 
o ther outhern continent that geologi -r . 
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Arcllfleocr(lthul. an e 'tinct Cambnan mari ne 
im cnebrate related to coral . This specimen 
came from Whichawav unatak moraine. 

[Photo : Jon Slephcn~on.] 

biologi b. and geophy ici t are now faced 
wi th a puzzle of enormo u proportion 
but wi th fascinat ing implica tio ns. 

The age re ference quoted arc ba ed 
p art ly o n recent ab ·o lute ages determined 
b] radiometric mea urement but mainJy 
by compari on wit h knO\\ n equence of 
plant and animal life in o ther part of the 
world . 

A glance at a map how~ that Antarctica 
ha two lobe eparated a t either end hy 
two large indentations, the Ro Sea a nd 
the Weddell Sea, but connected in the 
cen tre by the covering ice- heel. T hey have 
come to be called We t a nd Ea::,t Antarctica. 
respective ly. The we tern portion i much 
maller and ha now been hov. n b) ei mic 
o unding to be an archipelago o f large 
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i lands which bo th geographica lly and 
geologically re emble the fold mountain 
c ha ins o f the Ande . in South America, 
and of New Zealand. The rocks are either 
volcanic or marine a nd the o ldest land 
fossils are Jura s ic. Ea t Antarctica, o n 
the o ther h and, i a true continental hield 
o f great ize which lie completely within 
the Antarctic circle. and 95 per cent of it 
i under ice. owaday the central pla teau 
i buried under o many thou a nds of feet 
of ice that it i heavi ly weighed d own and 
no rocks ca n be een, but in places around 
the rim of the a uce r i o lated mou ntain 
project. In particular.. the we tern marg in 
faci ng We t Antarctica i~ a great wall of 
mountain broken frequently by wide glaciers 

A twig of Elaw('/adus, a Jurassic coniferous ancestor 
o f Podocarpuv. collected in the Ro~s Sea area. 

flowing fro m the platea u a nd in tercepted 
from time ro time by ice-field . 

The rocks have revealed that land life 
comme nced in t he Devonian period, a 
earl y as e l ewhere in the world. that it wa 
in terrupted by an ice age. a in Au tralia. 
South Africa. South America, a nd India. 
a nd that it then wi[h renewed v itality 
extended to the Jurassic, when it wa 
a pparently abruptly terminated by the on et 
o f g lacia l cond itions. o record o f modern 
land pla nt or a nima l life ha been p re erved. 
no r doe it exi t today. o blade of gra 
nor tiny fern ha ever been fo und in Ea t 
Antarctica and the plant li fe is confined 
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to patche of caly lichens o n o me of the 
rocks a nd algae in some of the lake . They 
lie dormant most of the time but in the 
sho rt ummer. if the ice melts. may form 
a patch o f coloured weed on the water 
before the cold and darknes envelop the 
a rea o nce mo re. 

Becau e o f lack o f ·pace. the account 
whic h follows must be confined to thi t rue 
continenta l area. The story of Ea t 
Antarctica' rich life in former time has 
bee n built up during the past half-century 
by explo re rs from a number of differen t 
countries: the evidence ha been pieced 
together fro m area hundred , and o me time 
thou a nd . of mile a part. but it i now 
u fficicnt to fo rm continuo u chapter 

heading~ a t least, and details are being 
fi tied in by each new field party. 

The fi r t and mo l dramatic record of 
fo si I plant in Ea t Anta rctica i v. orth 
retelling. ll wa fo und by Edward Wil on. 
who erved a bo th doctor and geologi t 

on Captain Scotfs tragic Po lar journey 
in 1910. On their return from the Po le. 
weak fro m ·carci ty of food a nd fue l, the 
ab ence o f vitamin . a nd the train of 
man-hauling their ledge • and di appointed 
becau e Amundsen' Norwegian party had 
reached the South Pole a head of the m. 
Wilson fou nd an ou tcrop o f rock o n the 
Beardrno re G lacier, which contained seam 
of coal and hale bearing impre ion of 
leave re embling tho e of the gum tree 
of Au tralia. Ln hi diary Wilson compa red 
them to large beech leaves, for he had not 
seen e ucalypt . b ut he recognized the great 
scientific importance of uc h large-leafed 
plant a nd coal at a latitude of 85 S. H i 
enthusiasm resto red. he collected 35 pound 
of peci men to take back to Bri tai n. 
Captain Scott himself ha red the extra loadl 
for they were very near the end of their 
physical e ndurance. Only a few day far ther 
the party were caught in a blizzard a nd 
died in their tent. The preciou fos il 
and diarie were found the foll owi ng year 
by the re cue party, a nd the specimen can 
ti ll be seen in t he Natura l History Mu eum 

in Lo ndo n. Profe sor Seward, o f 
Cambridee, who described the m, recoenized 
the leave~ a fragment of t he tongue- haped 
Glossop1eris, a plant which i the commo ne t 
fo il in a ll Southern Hemisphere coal 
earns. 
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Part of a Triassic cycad 
frond (Zamires), from the 

Ross Sea area. 

The econd chapter wa enacted by the 
Au tralian expedition in 1914-15, under the 
leader hip o f Sir D ougla Maw o n. A 
mall party con i ting of Or Madigan. 

McLean, a nd C o rrell found fossil leave 
a nd coal at H orn Bluff o n the coa t of 
King G eorge Land, longitude 150° E.. a 
con ide rable distance from the Beardmore 
Glacier. From the de cription the e leave • 
too, were of Glossopreris, but unfortunately 
a ll the specimens were lost at sea. 

In 1935 a party with the U.S.A.' econd 
Byrd expedition found similar plant fossils 
on Mo unt Weaver (86° 58' S. , 152° 30' W.), 
only 210 mi le from the Po le a nd the highest 
la titude from which fossil plants have been 
recovered. but unfortuna tely the e were 
wrongly identified. 

The Second Wo rld Wa r intervened. and 
it wa not until 1955-1958 that Sir Yivian 
Fuch' great concept of a C ommonwealth 
Tra n -Antarctic Expedition could become a 
reality. On thi journey great ad vance 
in knowledge were made. One pa r ty under 
Sir Yivian took the previou ly unexplo red 
ro ute from the Weddell Sea. The geologi t 
wa Or Jo n Stephen o n, now o f Armidale 
Uni ver ity, New South Wales, who proved 
to be an expert fossi l h unter and fo und in 
one mountain range, the T heron Mountains, 
four ho rizons o f coal and three othe r 
conta ining fossil plants. In the Whichaway 
Mo unta in he likewise fou nd excellent plant 
fo sil , which have added considerably to 
our knowledge. In each case the plants 
proved to be of Permia n age. 

Page 142 

Meanwhile, on the Ros Sea ide o f the 
cont inent, partie of ew Zealander unde r 
the leader hip of Sir Edm und Hillary were 
explori ng. and they. too. had wonderfu l 
ucce , for they found plant fo il a t 

twelve diffe rent ites which later proved 
to range in age fro m Devonia n to Jura ic. 

I had the great privilege o f de cri bing 
t he plant fossils from both ide o f the 
continent. T wenty-five genera and fo rty- ix 
pecie of plants were found and a n 

addi tional 20 too imperfect ly pre erved to 
be placed in genera. All showed c lo e 
affinilie with plants fro m o ther outhern 
conti nents. The fo il wood were ent to 
Professor Krause!, of G ermany, who found 
two genera with outhern relation h ip . 

T wo genera of D evonian fo il were 
fo und by H . J . Ha rringto n's party: they 
proved to be clo ely related to tho e found 
in Devonian rocks of the Cape Fold 
M ountai n of So uth Africa and a l o to 
o me de cribed long ago from ea tern 

Au tralia by Fei tma1~tel. ~ 
The Coal Mea ure or Permian plant fa r 

exceeded a ll o thers. From the combined 
Weddell Sea and Ros Sea area twenty-two 
ge ne ra and fo rty-three pec ies were de c ribed , 
of which seventeen were of the do mi nant 
genu Glossopreris. Only two pecie of 
the la tte r were new. A s rega rds re la tion-
hip , twenty-eight species were commo n 

wi th tho e of India, twenty- even with tho se 
o r Africa. [WO have been found o nly in 
A ustra lia and Antarctica, and two in South 
America and Antarctica- but t he maj o rity 
arc com mon to a ll the e a rea 
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The wood all exhibited marked annual 
rings. a proof that di tinct seasons exi ted. 
Northern Hemi phere coal-period fo il 
wood , o ther than tho e of lndia. show no 
growth ring . The pecimen were collected 
by a number of geologists from six different 
areas. 

Seven genera of Trias ic age were found 
at four differen t ite by the New Zealanders 
Gunn and Warren. All are closely related 
to plants of this age in Africa, Brazil, 
Australia, and India. Finally, Gunn and 
Warren fo und a lso a sm a ll area at the head 
of the M ackay Glacier in which four genera 
of Jura ic plant were pre e rved. This was 
an amazing record for one expedition. 

Soon afterward the results of an American 
expedition Lo the H orlick Mountains 
were publi hed. This area revealed one 
succession ranging from Devonian to 
Permian which yielded many fossils. Later 
exploratio n by American in the Pensacola 
a nd Ell worth Mountains and by ew 
Zealander in Victoria Land have resulted 
in many new specimens of both Permian 
and Tria ic age a nd have confirmed strongly 
the relation hip of Antarctica with the 
other outhern con tinents and India. 

Today seventeen floral provi nces a re 
recognized throughout the world. They a re 
of different izes but are the areas in which 
p lant life is closely related. They are 
eparated from o ne another by barriers 

of climate, high mountain chains or wide 
oceans. In the late Palaeozoic Era only 
fo ur such provinces can be recognized : 
th ree were in the Northern Hemisphere, but 
the largest was in the Southern Hemisphere 
and included all the southern continents, 
South America, Africa, and Australia a nd 
also , omewhat urprisingly, India . The 
as ociatio n of plant life in the e areas wa 
so close that geologists conceived the idea 
of one great o uthern continent which they 
named G o ndwanaland. l t is now apparent 
that Antarctica, too, must be jncJuded. 

Animal records are not nearly as 
numerous as those of plants. Marine 
invertebrate are known from a few 
horizon . Archaeocyathinae, which are 
long-extinct relations o f corals, have been 
found in Cambrian limestones in South 
Victoria Land and also in fra~rmenrs in 
the glacial moraine of a numbe~ of other 
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area . They must have been widespread, 
and Profe · o r Do ro thy Hill. of the University 
of Queen land. who described them. found 
a clo e relation hip wjth those of the ame 
age in South Au tra lia. 

Devonian invertebrate marine fossils have 
been found in the Ho rlick and the Ellsworth 
Mountain and are related to those found 
in South America and in the Cape. Remain 
of fre h-water Devonian fish have been 
recorded from several areas but are not 
well preserved. 

Some freshwale r invertebrates, known as 
Leaia, of Permian age have been collected 
in the Ohio Range o f the H o rlick Mountains 
by Do umani and T asch. They were 
a ociated with Glossopteris flora a nd provide 
a useful age check as well as close 

Glossopreris para/le/a from Antarctica, showing 
vena ti on . ( x 2). 
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A Permian Coal Measure rhizome, Verrebraria, 
as ocia ted with Glossopteris in many areas. 
Locations: Whichaway Nunataks, T heron 

Mountains, Weddell Sea area. ( / 2). 

c omparison with similar shells in South 
America. South Africa, and New South 
Wales. 

Freshwater conchostracans (crustaceans 
e nfolded by a pair of shell-like extensions 
of the carapace) occur on Carapace Nunatak 
in assoc.iation with Jurassic coniferous twigs, 
and also in J urassic sediments intercalated 
with the Kirkpatrick basalts of Queen 
Alexaodra Range. 

Records of land animals are far more 
ignificant but are difficult to find ; up to 

now only two are known, but are extremely 
important. On a specimen from the Theron 
Mountains on wh ich six different plant 
species are preserved 1 found the impressions 
.of parts of large insect wings superimposed 
o n those of the leaves in three different 
places. This is still the only record of 
insect life in Anta rctica. The second record 
is more spectacular, fo r it is the firs t land 

Page 144 

vertebrate found. It wa di covered les 
than a yea r ago by geologists fro m Ohio 
State University ( U.S.A.) on a ridge above 
the Beardmore Glacier, and has been 
described by Profe sor C o lbert, of the 
American Museum of Natural History. 
who has worked extensively in So uth Africa 
and in other Gondwana countries. He wa 
able to identify the fossil as part of the 
jawbone of a salamander-like amphibian 
closely related to a species which lived in 
South Africa and in other southern continents 
in the early Triassic period approxi ma tely 
230 million year ago. The animal was 
normally between three and four feet in 
length, lived partly on the land and partly 
in freshwate r. and could not have cro ed 
the expanse of ocean which now separate. 
these lands. Jt was. moreover, a warmth­
loving an imal, yet it was fo und o nly 325 
mile from the South Pole. 

In every po rtion of the southern floral 
province of G o ndwanaland where a 
ucce sion of distinct southern floras i 

fou nd, the plants are associa ted with a 
steady development of vertebrate life. 
ranging from amphi bia to reptile to 
mammal-like reptiles. It was, therefore. 
natural to prophe y, a I did in 1962. that 
such vertebrate foss ils would be fo und in 
Antarctica. Future efforts wi ll no doubt 
be concentrated on fi nding more of them . 

The records of land life in Antarctica 
p resent a challenge and provoke many 
question . How can plant migration of 
complete flo ras have crossed the vast oceans 
which now separate them ? How could 
the plant of the now steaming plains of 
India a nd of the now icebound Antarctic 
Continent have been so closely related in 
former ages? Shall we find the same 
succession of a nimal life hidden in the 
rocks? Why did the succession of plant 
life in Antarctica cease so abruptly? 

D o all these contradictions suggest the 
existence of former land links or an actual 
movement of the present continents to 
former juxtaposition within the same climate 
zone? Has continental drift occurred and 
wa Gondwanaland a reality? 

The age of discovery is not past. The 
opportunity of searching for and fi.nding 
the missing Links in the evidence remains. 

[Photos in 1his anicle are by the author, 
except ll'here stated otherwise.] 
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