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The Functioning of the Antarctic Marine EcoSystem 
A Fragile Equilibrium 

Gilles Billerfand Christiane Lancelot* 

I N T R O D U C T I O N 

W h i l e the possibili ty o f the explo i ta t ion o f Antarct ic minera i r e s o u r c e s — t h e 
resources, existence and the é c o n o m i e p ro f i t abd i ty of wh ich are still f a r f r o m 
p r o v e d — i s c u r r e n d y p r o v o k i n g a hea ted debate , it is too o f t e n fo rgo t t en that the 
living resources o f the Antarct ic océan have been the subject o f intense exploitat ion 
fo r m o r e than a century . 

In the contex t o f the cu r r en t fisheries crisis, whe re sea c a t c h e s — a m o u n t i n g to 
some 70 million tonnes per a n n u m — h a v e practically reached their hmits in traditional 
fîshing zones, and w h e r e n u m e r o u s countr ies o f the n o r t h e m hémisphè re have an 
excess capacity in their fishing fleets, the Antarct ic f isheries could b e c o m e the 
ob jec t o f s ignif icant d e v e l o p m e n t . 

Biological resources, r e n e w a b l e by the i r very nature, are in theory pe rpe tua l l y 
available fo r a f o r m o f explo i ta t ion wh ich respects the equiHbrium o f t he na tu ra l 
System wh ich p roduces t h e m . His to ry shows, however , tha t his has no t a lways 
b e e n the case in the Antarc t ic a n d that man ' s activities have o f t e n led to the r ap id 
dep le t ion o f stocks o f the exp lo i ted resources. 

T h e ob jec t o f this chap te r is to analyse the condit ions fo r ra t ional exp lo i t a t ion 
o f the Antarc t ic mar ine ecosys tem and its sensirivity to dis turbances resu l t ing f r o m 
intense h u m a n activity. This analysis is based on the récen t findings re la t ing to the 
ecological func t ion ing o f the Antarc t ic mar ine System, w h i ch have c o m e no tab ly 
firom the Be lg ium P r o g r a m m e o f Scientif ic Research in the Antarct ic . 

THE APPARENT BIOLOGICAL "WEALTH" OF T H E 
ANTARCTIC OCEAN MASKS A GREAT FRAGILITY 

T h e ecosystem o f the Antarc t ic océan is character ized by the p résence , at the 
higher levels o f its food chain, of large organisms in comparison wi th those occupying 
similar levels in temperate o r tropical ecosystems. Thus, kriU, which is the principal 
he rb ivorous inver t eb ra te in the Antarc t ic océan, f eed ing on p h y t o p l a n k t o n i c algae 
o f 2 0 - 2 0 0 fim, reach a size o f 2 - 6 cent imètres , whereas he rb ivorous z o o p l a n k t o n 
o f t empera t e mar ine Systems rare ly exceed a miUimetre . T h e main c o n s u m e r s o f 

' Translated f r o m the French b y Ph i l ippe Sands and E m m a C h o w n . 
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kril l (Figure 7.1), b i rds , seals, fish, cepha lopods , and rorquals , vary b e t w e e n 10 
centimètres and 30 mètres, whereas in temperate seas the size o f first-order carnivores, 
such as her r ing , is on ly a f e w décimètres . 

â,^ b i rds 

Figure7.1 The Antarctic EcoSystem 

The top of the food chain in the Antarctic Ecosystem is chararterized by the présence of 
large animais, many of which dépend directly or indirectly on krill. 

M o r e o v e r , t he large size o f thèse organisms is ma t ched b y the i r considérable 
abundance. Even if estimâtes o f stocks of diese animais is subject to some uncertainty, 
c a r r e n t figures s h o w in e f fec t a biomass wh ich is comparab l e to, and somet imes 
wel l over , tha t f o u n d in t e m p e r a t e mar ine enviroimients . Thus , est imâtes o f krill 
stocks in the w h o l e o f the Antarc t ic océan (an area o f 36,000,000 square 
ki lomètres) varies d e p e n d i n g on the au thor b e t w e e n 44 and 1,000 miUion tonnes ' , 
which represents a biomass o f 100 and 2,200 mgC/m^, compared with an estimated 
biomass o f zooplankton in the Nor th Sea, a system which is far richer than the average 
global mar ine env i ronmen t s , o f 300 mgC/m^.^ Stocks o f whales in the Antarc t ic 
océan at the b e g i n n i n g o f the cen tu ry w e r e es t imated at abou t 45,000,000 tonnes , 
that is to say, a b iomass o f some 80 m g C / m ^ , wh ich is o f the o rde r o f those fish 
stocks f o u n d in t he mos t p roduc t ive fishing zones. In the N o r t h Sea, the fish stock 
is es t imated at 400 m g C / m . ^ 

This abundance o f large animais gives the impress ion o f a grea t richness wh ich 
very early o n c a p t u r e d t he imagina t ion . T h e Antarc t ic océan b e g a n to appear h k e 

' G . A. K n o x , " T h e Liv ing resources o f the S o u t h e r n O c é a n : a s c i e n t i f i c o v e r v i e w " , in F. 
O r r e g o - V i c u n a (éd.) , Antarctic Resources Policy ( C a m b r i d g e U n i v e r s i t y Press, 1983) , pp. 2 1 - 6 6 . 

^ G . H a n n o n , C . Joiris , " A seasonal analysis o f the S o u t h e r n N o r t h Sea e c o s y s t e m " , Ecology 
(1989) , 70 , 3 4 5 - 3 5 0 . 
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an inexhaust ible réservoir o f fauna . Paradoxical ly, however , successive per iods o f 
exploi ta t ion under taken in the last t w o centur ies have always resulted in t he 
exhaus t ion o f the resource in ques t ion w i t h i n a f e w décades. 

T h u s towards the end o f the e igh teen th century , the hunt ing o f seals, w a n t e d 
for the i r f u r and fat, deve loped in the sub-Antarc t ic islands. It ended wi th in fifty 
years in the virtual ext inct ion o f the t w o m o s t widely caught species, the f u r seal 
and the sea éléphant , f r o m ail sites w h i c h w e r e accessible to ships at the t ime . It 
t o o k more than a century for populat ions to recover. The current catches o f crab, 
léopard, and wedde l l seals still a m o u n t to abou t 200,000 o f each per a n n u m , a 
biomass o f 42,000 tonnes.^ 

Figure 7.2 The Exploitation of Biological Resources in The Antarctic 
The history of the exploitation of biological resources in the Antarctic shows the permanence 
but also the fluctuating character of the réductions in numbers since the beginning of the 
century. 

Wha l ing , w h i c h had b e e n car r ied ou t on a local basis since t h e b e g i n n i n g o f t he 
nineteenth century, intensified considerably at the beginning of the twent ie th century, 
w h e n ships w e r e a r m e d w i t h cannon-harpoons . O v e r half the s tock o f ro rqua ls at 
this d m e (45,000,000 tonnes) consisted o f blue whales. This spedes also constituted the 
major i ty o f catches (at least b y tonnage) up unti l 1935 (Figures 7 .2 a n d 7.3). T h e 
drasQc decrease in stock, however , forced die whaling industry t o tirni successively 
towards o the r smaUer s p e d e s . T h u s the c o m m o n rorqua l and the R u d o l p h ro rqua l 
were in the i r t u rn e l imina ted , despi te various measures to regu la te hun t i ng . N o w -
adays, stocks o f ro rqua l s still exist ing in the Antarct ic have b e e n r e d u c e d to abou t 

' Op cit. n.l. 
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7,000,000 tonnes . Antarct ic wha l ing activity, having reached its Hmit, has prac-
tically s topped since the beg inn ing o f the 1970s. Today there are only th ree J apan -
ese and Russian whaUng ships lef t . 

J-i ^ ) f - - - . , p.^^ , — 
1910 1930 1950 1970 

Figure 7.3 Catches of Large Cetaceans 

The table relating to catches of large cetaceans in the Antarctic since the beginning of the 
twentieth century shows that the hundng has been aimed at a succession of différent spccies as 
the stock of each has been exhausted.* 

C o m m e r c i a l f î sh ing fo r several species o f fish, especiaUy demersa l species, 
deve loped in its t u r n in .the 1920s. T h e large catches in the ear ly years (more than 
400,000 tonnes p e r year , in 1970, principally in South Georg ia ) cou ld no t be ma in -
tained b e y o n d t w o seasons. In the case o f fish, too , avaUable statistics show clearly 
a progress ive m o v e m e n t in f ishing effor ts f r o m o n e species to ano the r as the stock 
of each runs o u t (Figure 7.4). In the 1980s, keep ing catches at équiva len t levels to 
those at t he b e g i n n i n g o f the 1970s was on ly possible b y a t reb l ing o f fishing 
efforts , f o r w h i c h the ne t yield was in decHne (Figure 7.5). 

Since 1976, kriU has been the subject of significant exploitation and n o w constitutes 
the largest pa r t o f b iological takings in the Antarct ic , w i th an average o f 400,000 
tonnes pe r year (Figure 7.2). Est imâtes o f the poten t ia l catches avaûable vary con-
siderably d e p e n d i n g o n the author . W h i l e the F A O has suggested a figure o f 5 
milHon tonnes pe r a n n u m , others , basing themselves par t icular ly o n an est imate o f 
the surplus m a d e avaUable by the réduct ion o f p reda tors l inked to the ehmina t ion 
of whales, es t imate that an annual taking o f 100 mi l l ion tonnes could be 

* O p cit. n . l . 
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sustainable.^ This wou ld represen t m o r e than 200 t imes cur ren t catches and w o u l d 
const i tu te a tonnage grea ter than ail o f the t radi t ional wor ld fisheries together . In 
this contex t one can under s t and the é c o n o m i e stakes represented by the increase o f 
catches in krill. O n l y the absence o f a viable marke t a l lowing the sale o f grea ter 
quant i t ies limits such an increase f o r the t ime being. 

Figure 7.4 Fish Catches in South Geoi^a 

Fish catches in South Georgia (the main fishing zone in the Antarctic) show clearly the 
fluctuating character of thèse catches, despite sustained fishing efforts, and the rapid move-
ment from one species to another as stocks run out (NOR, Notothenia rossii; NOT, 
Patagonothoten brevicauda guntheri; ANI, Champsocephalus gunari). 
(Source: CCAMLR 1990).' 

' T. N a g a t a , " T h e i m p l e m e n t a t i o n o f the C o n v e n t i o n o n the C o n s e r v a t i o n o f Antarct ic M a r i n e 
l i v i n g Resources: needs and problems", in F. Orrego-Vicuna (éd.), Antarctic Resources Micy (Cambridge 
U n i v e r s i t y Press, 1983) , pp. 1 1 9 - 1 3 8 . 

' C C A M L R (1990 ) , D r a f t Statistical Bul le t in , Vol. 2 ( 1 9 8 0 - 1 9 8 9 ) , S C - C A M L R - I X / B G / 2 . 
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Figure 7.5 Fishing Efforts and Net Yield 

During the 1980s, fishing efforts in South Georgia grew considerably (dotted line), with a 
decrease in the net yield (soUd Une), demonstrating thus the exhaustion of stocks. 
(Source: CCAMLR 1990).' 

H o w e v e r , research is cu r ren t ly be ing carr ied ou t , no tab ly in the USSR, to 
deve lop krill p ro te ins industr ia l ly in o rde r for t h e m to b e c o m e a m o r e impor tan t 
market in h u m a n and an imal foods tu f f s . ' 

Ecological upheavals resul t ing f r o m past examples o f uncon t roUed exploi ta t ion 
o f cer ta in biological resources o f the Antarc t ic océan should lead us to be 
ex t remely p r u d e n t abou t increasing the exploi ta t ion o f kril l . Th is is part icularly so 
given that this essentially he rb ivorous organism const i tu tes a k ind o f t umtab l e 
b e t w e e n the p r i m a r y p roduc t i on o f microscopic algae and h igher o rgan i sms— 
f rom penguins to w h a l e s — w h i c h , fo r the mos t par t , d é p e n d di rec t ly o r indirect ly 
on krill fo r the i r f o o d (Figure 7.1). 

T h e eventua l es tabl i shment o f krill quotas should b e based o n a be t t e r u n d e r -
standing o f the pr inciples wh ich g o v e m the f imct ion ing o f the Antarc t ic mar ine 
ecosystem. In this r ega rd , progress in récen t years in the ecological s tudy o f the 
Antarctic océan t h r o w s light on the characteristics o f the f imc t ion ing o f this eco
system wh ich m a k e it par t icular ly vulnérable to excessive takings. 

' A . Fokin, S. Rogozhin , Y. Vainerman, "Protein from krill". Science in the U S S R , (1988) 4: 5 4 - 5 6 . 
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THE FUNCTIONING OF T H E ANTARCTIC MARINE 
ECOSYSTEM 

AT THE BOTTOM OF THE F O O D CHAIN, RESOURCES ARE 
LIMITED IN TIME AND IN AREA 

T h e f o o d for kriU is cons t i tu ted mainly o f m ic rop l ank ton o f a size b e t w e e n 20 and 
200 | im. Thèse are d o m i n a t e d by algae w h i c h deve lop e i ther in the ice o r in the 
water . T h e first are on ly accessible to kxiU at the m o m e n t the ice melts. 

Antarct ic minus algae are r emarkab ly adap ted to the ex t remely l o w t e m p é r a 
tures (—2°C to + 2 ° C ) to wh ich they are p e r m a n e n t l y subjected. T h e main fac tor 
Umiting g rowth is the availabiHty o f l ight, in spite o f the significant amounts o f sun 
which characterize the spr ing and s u m m e r in the Antarct ic . This Hmitation is 
expla ined d e p e n d i n g o n the area o f the Antarc t ic océan, by the size o f the ice 
cover, or by the tu rbu lence i nduced b y the v io lent winds which occur in this par t 
o f the g lobe. In areas cove red by ice, in e f fec t 95% o f the sun's rays are re f lec ted 
back, leaving on ly a very smaU a m o u n t o f ene rgy to pene t ra te d o w n to the wa te r 
co lumn. O n l y those communi t i e s o f algae associated wi th the ice are able to 
deve lop . In areas f r ee o f ice, on t he o the r hand , losses d u e to ref lec t ion on the sur
face o f the wa te r a m o u n t to on ly 15%. T h e level o f Hght in the wa te r is t h e r e f o r e 
significant, bu t the increased tu rbu lence induced by the winds which constant ly 
stirs u p the algae f o u n d in the l o w e r depths , prevents t h e m f r o m benef i t ing suff i -
cient ly to g r o w in to a large popu la t ion (Figure 7.6). O n the o the r hand , in the 
zone o n the edge o f the re t rea t ing ice field, the p roduc t ion o f low-saHne wa te r 
result ing f r o m the ice mel t ing w h i c h starts in the spring leads to the fo rma t ion o f a 
layer o f surface wa te r o f a l o w e r dens i ty and which is t he r e fo re very stable. T h e 
phy top lank ton circulat ing in this layer encounte rs op t imal condi t ions o f hgh t . It 
can the re fo re deve lop rapidly and reach ex t remely high levels o f concen t ra t ion . 
Thèse crops o f algae are never the less ve ry ephemera l : the violent w inds w h i ch 
ravage thèse régions des t roy the vert ical s t ructure o f the wate r co lumn, n o longer 
p ro tec ted by the ice cover, and di lu te the phy top lank ton which had accumula ted 
in the surface layer in to the dep ths . 

O p t i m a l condi t ions o f Hghting for the g rowth o f phy top lank ton on ly exist in 
the Antarct ic océan t empora r i ly in the marginal zone o f the mel t ing ice, w h e r e the 
weaker sahni ty o f the surface layer o f the wa te r c o l u m n ensures a cer ta in stabUity 
in the face o f the t u rbu lence i n d u c e d by the winds. 

A high concen t ra t ion o f algae in the Antarct ic on ly occurs, t he r e fo re , in the 
n e i g h b o u r h o o d o f ice f ronts , thus foUowing f r o m O c t o b e r to M a r c h and at a dis
tance o f 300 to 800 k i lomèt res b e h i n d the re t reat o f the ice field (Figure 7.7). 
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Figure 7.6 Lighting Conditions in the Antarctic 

Optimal conditions of lighting for the growth of phytoplankton only exist in the Antarctic 
Océan temporarily in the marginal zone of the melting ice, where the weaker salinity of 
the surface laver of the water column ensures a certain stability in the face of the turbu
lence induced by the winds. 
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Figure 7.7 Seasonal Variations in the Biomass of Phytoplankton 

Seasonal variations in the biomass of phytoplankton (measured by the concentration of 
chlorophyll) during the retreat of the ice field in the Weddell Sea.' 

' C . Lance lo t , G . B i l l en , S. M a t h o t , " E c o p h y s i o l o g y o f p h y t o - and barter iop lankton g r o w t h in 
the S o u t h e r n O c é a n " , in S. C a s c h e t t o (éd.) , Elelgian Scientific Research Programme on Antarctica. Vol . 1: 
Plankton Ecology (Pr ime Min i s t er Services Sc i ence Po l i cy O f f i c e , 1989) , pp. 1 - 9 7 . 
C . Lance lo t , C . Vetn , S. M a t h o t , " M o d e l l i n g ice e d g e p h y t o p l a n k t o n b l o o m in the S c o t i a - W e d d e l l 
Sca sec tor o f the S o u t h e r n O c é a n dur ing spring \9SS"Ajournai oj Marine Systems (1991) 2: 3 3 3 - 3 4 6 . 
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Figure 7.8 The Antarctic Food Chain 

The first levels of the food chain in the Antarctic marine ecosystem are characterized by 
the présence, next to large diatoms directly consumed by krill, of an important tnicrobial 
loop consisting of organisms which are too small to be directly consumed. 
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T h e essential resources o f f o o d fo r kri l l are t h e r e f o r e p r o d u c e d in the fo rm of a 
puise w h i c h is ex t r eme ly h m i t e d in t ime and in area . 

M o r e o v e r , no t ail o f this p roduc t ion , wh ich is so short h v e d and locaHzed, is 
avaUable fo r feed ing . Krill, by taking the largest algae by p ré fé rence , encourage 
the d e v e l o p m e n t o f nanop lank ton ic algae o f a size b e t w e e n 2 and 20 |Jm which to 
a large ex ten t escape the feed ing process. Typically, the nanophy top lank ton takes 
over immed ia t e ly a f t e r the first passage o f the kri l l . The rea f t e r , a complex f o o d 
chain develops , in wh ich the bacter ia , using dissolved organic materials p r o d u c e d 
by the algae or liberated otherwise, and protozoans, filtering the nano- and bacteria 
plankton, constitute additional intermediaries be tween the algae and the kriU (Figure 
7.8), f u r t h e r d iminish ing the potent iaUy avai lable food resources for the h igher 
t roph ic levels. 

IN THE UPPER LEVELS OF THE F O O D CHAIN, ORGANISMS 
ADOPT A K-STRATEGY 

T h e l imi ted character , be ing episodic a n d var iable in space, of the f eed ing 
resources o f f e r e d by the lower levels o f the Antarc t ic f o o d chain consti tutes an 
e x t r e m e l y severe constraint fo r the h f e o f h ighe r organisms in the Antarct ic océan . 
Ail thèse organisms have deve loped , in a comple t e ly convergen t manner , a cer ta in 
n u m b e r o f adapta t ions wh ich can b e seen as responses to this fundamenta l c o n 
straint. Ail o f them, as w e have seen, are relatively large compared to the organisms 
o c c u p y i n g a cor responding t roph ic posi t ion in t e m p é r a t u r e or tropical ecosystems. 
T h e y a re capable of rapid movements over long distances. They have the capacity for 
storing large reserves o f food a n d fo r mobi l i z ing t h e m to mee t their ene rgy needs 
d u r i n g p r o l o n g e d per iods o f s tarvat ion. T h e i r basai m e t a b o h s m is w e a k and the i r 
r e p r o d u c t i o n rate ex t remely low. T h e y have considérable longevity. 

Ail thèse characteristics, shared b y ail the u p p e r organisms o f the polar régions , 
correspond typically to a K-strategy in the exploitation o f resources in their environ-
m e n t . In ecology o n e can dist inguish b e t w e e n t w o ways of exploi t ing the 
resources o f the env i ronmen t . 

r -S t ra tegy favours speed o f g r o w t h to t he dé t r imen t o f the d e v e l o p m e n t o f 
e labora te structures. This is the s t ra tegy o f coloniz ing organisms and, in a gêne ra i 
manner , o f ail organisms which dominate in the early stages o f ecological succession 
a n d a re character ized by a r ap id rate o f renewal . 

K-strategy on the o ther hand , favours t he deve lopmen t o f complex s t ructures , 
o f f e r i n g pro tec t ion against p reda to r s o r pe rmi t t i ng a m o r e p r o f o u n d and c o m p l è t e 
explo i ta t ion o f env i ronmenta l resources . T h i s is the strategy adopted by organisms 
having a p lur i -annual d e v e l o p m e n t w h i c h dominâtes in the ma tu re stages o f 
ecological Systems. K-strategy is charac ter ized by a l o w rate of r enewal . 

In o rde r to exploi t the th in and fi igit ive resources o f f e r ed by the b o t t o m o f the 
Antarc t ic f o o d chain on a p e r m a n e n t basis, on ly a K-strategy is cons ide red 
appropr ia te . 
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THE ANTARCTIC ECOSYSTEM IN THE FACE OF 
EXPLOITATION A N D POLLUTION 

A SYSTEM DOMINATED BY K STRATEGIES CANNOT 
SUPPORT LARGE DEDUCTIONS 

T h e dominance o f K stratégies in the u p p e r levais o f the Antarc t ic food chain 
explains bo th the apparen t r ichness and the ex t rême fagility o f the ecosystem. T h e 
bu i l d -up o f the biomass o f h ighe r organisms o f a large size, cons t i tu ted to a large 
ex ten t b y reserves, is considérable , b u t the rate o f renewal o f this biomass is, on 
the o t h e r hand, ve ry Hmited. Thus , i f in the t empera te or t ropical mar ine env i ron-
m e n t t en to twen ty généra t ions o f zoop lank ton occur annually, the longevi ty o f 
kriU is at least seven years. 

T h e richness o f the Antarc t ic ecosys tem is only in appearance . Richness should 
b e seen as a dynamic no t ion , Hnked to the speed of renewal , to income; by con-
trast w i th abundance , a static no t ion , h n k e d to s tanding stock, to capital. 

T h e richest env i ronments , that is to say those most susceptible to the largest 
déduct ions , are those env i ronmen t s d o m i n a t e d by the r - strategy, capable o f p r o -
vid ing a surplus o f expor tab le p r o d u c t i o n rapidly. By contrast , t he l eng thy pe r iod 
for the r enewal o f the h igher organisms o f the Antarct ic renders t h e m ex t remely 
vulnérable to déductions which rapidly affect the stock, sometimes in an irréversible 
manner . 

THE ANTARCTIC ECOSYSTEM CAN BE EXTREMELY 
SENSITIVE TO LOCAL DISTURBANCES 

T h e fragi l i ty o f the Antarct ic ecosys tem in the face o f déduct ions is accompan ied 
by a par t icular sensitivity wi th r ega rd to accidenta i disturbances, even those which 
are local. T h e brevity o f the biological product ion period, during which the essential 
resources used during the whole year are produced, renders the ecosystem specially 
vu lné rab le to any pol lu t ion wh ich m i g h t occur at this critical m o m e n t . E v e n if it is 
on ly o f anecdota l impor t ance c o m p a r e d to the size of the p rob l ems facing the 
w h o l e o f t he Antarc t ic cont inent , an e x a m p l e is i l lustrative o f the e x t r ê m e vu lne r -
ab ih ty o f an imal popula t ions at the m o m e n t o f their r ep roduc t ion pe r iod . T h e 
s inking o f the Bahia Paraiso in J a n u a r y 1989 p r o v o k e d the first oil spill in the 
Antarc t ic océan . Evaluat ing the impac t o f this accident has no t yet b e e n c o m -
ple ted . Obse rva t ions have never theless b e e n p u b h s h e d showing the total fa i lure to 
r e p r o d u c e amongs t the popula t ions o f Anta rc t i c skuas in the région a f fec ted b y the 
h y d r o c a r b o n po l lu t ion . ' This fai lure d id n o t occur as a direct resuit o f the oil, bu t 
r a the r b y increased p réda t ion on y o u n g chicks less wel l p ro tec ted by the i r parents 
as a resuit o f the long per iods o f c leaning w h i c h thèse animais had to u n d e r g o in 
o r d e r to recover f r o m the oil spill. 

' Z . A . E p p l e y , M . A. Rabcga , "Indirect e f f e c t o f an o i l spill: r e p r o d u c t i v e fai lure in a p o p u l a t i o n 
o f S o u t h Polar skuas f o U o w i n g the 'Bahia Paraiso' o i l spil l in Antarct ica" , Mar. Ecol. Prog. Ser. ( 1 9 9 0 ) 
67: 1 - 6 . 
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E lsewhere , the ve ry spécif ie metaboHsm o f h igher Antarc t ic organisms, w h i c h 
accumulate fatty reserves to support them at a later date, renders them very sensitive 
to intoxication by heavy metals and pesticides. Note , for example, that despite levais 
of po l lu t ion in the f o r m of P C B and m e r c u r y which are inf ini te ly smaller in this 
env i ronmen t , the d e g r e e o f con tamina t ion o f Antarc t ic organisms is similar to tha t 
obse rved in the N o r t h Sea . ' " 

CONCLUSIONS 

Paradoxically, despi te the r igour o f its chma te , du r ing the n ine teen th and ear ly 
twent ie th centur ies the Antarc t ic océan seemed to be an area o f hun t ing and fish-
ing o f ex t raord inary richness. Never the less , the r epea ted fai lure o f commerc ia l 
exploi ta t ion demons t ra tes its vu lnerab ih ty . T h e s tudy o f the funct ioning o f the 
Antarc t ic mar ine ecosystem n o w explains this pa radox o f apparen t richness and 
great fragil i ty: it is a resuit o f the K-strategy adop ted b y the h igher organisms to 
exploi t resources wh ich are l imi ted in time and area. 

T h e Antarc t ic océan o f fe r s to m a n k i n d feed ing resources wh ich it is no d o u b t 
legi t imate to wish to exploi t . But t he exploi ta t ion o f the e n v i r o n m e n t by m a n can 
also adop t e i ther an r -s t ra tegy or a K-strategy. 

T h e r-s t ra tegy bas prevai led in t he past: t o be the first to exploi t the resource, to 
take the best part o f the ready s tock as quickly as possible, even if it means 
exhaus t ing its capacity to r e n e w itself. 

Is it no t high time to deve lop the pr inciples o f a K-strategy to exploit the 
resources o f this région? To pu t in place s tructures and con t ro l mechanisms w h i c h 
w o u l d aUow a f o r m of explo i ta t ion which respects the fundamen ta l ecological 
mechan i sms the reby ensur ing its pe rmanence? It is in this spirit tha t the C o n v e n 
tion o n the Conse rva t ion o f Antarc t ic Mar ine Living Resources was deve loped in 
1982 wi th the a im o f deve lop ing a " ra t iona l u t iUzat ion" o f the hving m a r i n e 
resources, in a spirit o f p ro tec t ion o f the ecosystem. E v e n if the achievements o f 
the 1982 C o n v e n t i o n are to b e w e l c o m e d , w e mus t never theless recognize two 
types o f const ra int wh ich seriously h m i t its eff icacy. T h e first is pohtical: the 
C o m m i s s i o n bas no const ra in ing p o w e r (unanimity o f m e m b e r states is r e q u i r e d 
for ail décisions) no r cont ro l p o w e r s (the staristics o n catches and fishing e f for t s 
are p rov ided by the states themselves) . T h e second is scientif ic: the inévi table 
delay b e t w e e n the observat ion o f réduct ions o f stocks o f cer ta in species a n d the 
measures designed to r emedy them, considerably hmit the efficacy o f thèse measures 
in the absence o f prédic t ive mode l s based on the k n o w l e d g e o f the dymanics o f 
t he Antarc t ic ecosystem. 

T h e pursui t o f scientif ic research in this d o m a i n must t he r e fo re be seen as an 
essential pa r t o f the K-strategy f o r the exploi ta t ion o f resources: we are still far 
from being able to predict the efifects o f human disturbances, be they local or global, 
on the func t ion ing o f the ecosys tem. O n l y a be t te r unders tand ing of the laws 
regulating this funct ioning will a l low us to fix the limits within which the biological 
resources o f the Antarc t ic e f fec t ive ly mer i t the title o f " r e n e w a b l e resources" . 

C . J o i n s , W . O v e r l o o p , " P C B ' s o r g a n o c h l o r i n e pes t i c ides and m e r c u r y in the l o w e r trophic 
l eve l s o f the Indian sec tor o f the Antarct ic mar ine e c o s y s t e m " , in S. C a s c h e t t o (éd. ) , Belgian Scientific 
Research Programme on Antarctica Vol. 1: Plankton Ecolo^ (Prime M i n i s t e r Serv ices S c i e n c e Po l i cy 
O f f i c e , 1989) , pp. 1 - 2 9 . 


