
Antarctic krill living in these 
iceberg-infested waters forms the food of 
whales , seals , penguins , fish, and other 
birds and animals . 

Towards wise use 
of Antarctic krill 

Antarctica: it conjures u p pictures of hero ic explorers 
endur ing a freezing he l l . It produces i m a g e s of ruthless 
exploi tat ion of l iv ing th ings i n the surrounding seas — 
of w h a l i n g , and, from earlier this century, of the s laugh­
ter that nearly wiped out the fur seals . 

T o d a y , m a n k i n d s e e m s p o i s e d t o  to m a k e sure that kri l l -f ishing does n o t 

exploi t ano the r r e source l iv ing i n t he ant -  b e c o m e yet ano the r example of d i sas t rous 

arct ic seas — n a m e l y kr i l l , a shr imp- l ike  over-exploi tat ion. W i t h a bi t of luck a n d 

p l a n k t o n i c i n h a b i t a n t of t h e S o u t h e r n  c o n t i n u i n g good wil l be tween na t ions , 

O c e a n tha t occurs i n a s ton i sh ing ly d e n s e  those w h o fish for kri l l wil l agree to l imi t 

swarms near the ocean surface. Already  the i r ca tches to levels that wi l l a l low the 

Russ i a , Japan, Argen t ina , Wes t G e r m a n y ,  con t i nued ex is tence of a krill-fishery. 

and P o l a n d have f isheries research vessels Kr i l l is pe rhaps bes t k n o w n because it 
and t rawlers f i sh ing exper imenta l ly for i s the food of t he five m u c h - h u n t e d an ta rc -
kril l i n antarc t ic waters . M a n y exper ts feel t i c b a l e e n w h a l e s — t h e b l u e , f in , 
tha t only the p rob l em of p rocess ing kril l h u m p b a c k , sei , and m i n k e wha les (see 
in to a form tha t wi l l sel l is p reven t ing a Ecos 19) . 
large fishery from developing. C r a c k i n g T h e prize to be p lucked from the waters 
that n u t may no t take l ong — indeed kril l tha t su r round Antarc t ica in the form of a 
' f ingers ' have a l ready g o n e o n sa le i n fishery for kri l l is vast . Ca lcu la t ions to 
C h i l e for a trial per iod. da te have p u t the s t and ing s tock at va lues 

T h i s t ime , the story of the u s e of a n as different as 800 mi l l ion and 5000 mi l -
an ta rc t ic resource may be different. In te r - l ion tonnes . Bu t f i sh ing s u c h quan t i t i e s 
na t iona l and na t iona l agencies are t ry ing — even if we cou ld u s e t h e m — w o u l d 
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wipe ou t the kri l l . F i s h e r i e s b io logis t s 
general ly regard a n n u a l ca tch levels of 
50— 60 mi l l i on t o n n e s as feasible — abou t 
t he s a m e order of size as t he en t i re wor ld 
fish ca t ch a t p resen t . 

Other dependents 
T h e r e i s , however , a p rob l em. Kr i l l is n o t 
o n l y t h e food of t h e n o w - d i m i n i s h e d 
s tocks of b a l e e n w h a l e s . T h i s t h u m b -
sized c rus tacean is a l so t he m a i n food of 
two species of seals , several species of 
p e n g u i n s , m a n y types of fish, a n d p rob­
ably a lso several species of deep-sea squid . 
Ind i rec t ly , kr i l l a l so provides food for 
spe rm wha les (s ince they eat squid) a n d 
o ther predators tha t eat f ish, l ike p e n g u i n s 
a n d seals . S o th i s p rawn- l ike m a r i n e a n i ­
m a l i s t he cen t re po in t of a web of o the r 
a n i m a l s tha t d e p e n d o n it. Es t ab l i sh a 
f ishery for kr i l l , a n d you may affect any or 
all of t he d e p e n d e n t a n i m a l s . 

Before a mass ive fishery ge ts u n d e r way 
i t w o u l d therefore be m o s t des i rab le to get 
s o m e idea of t he effects tha t r e m o v i n g 
la rge quan t i t i e s of kri l l wi l l have on t he se 
o ther an ima l s . 

T w o years a g o a l a rge i n t e r n a t i o n a l 
p r o g r a m began w i t h t h e a i m of g a t h e r i n g 
in format ion to answer ques t ions jus t s u c h 
as th i s . Referred to as B I O M A S S (stand­
i n g for Biological Inves t iga t ion of M a r i n e 
Anta rc t i c Sys tems a n d Stocks) it wi l l go 
on for 10 years . I t h a s two major a i m s : 

• p rov id ing t h e i n f o r m a t i o n n e e d e d to 
pe rmi t conserva t ion a n d wise m a n a g e ­
m e n t of t h e l i v i n g r e s o u r c e s of t h e 
S o u t h e r n O c e a n 

• i m p r o v i n g o u r u n d e r s t a n d i n g of t h e 
c o m p l e x ecosys tem o n w h i c h the re ­
sources depend , a n d the flow of energy 
t h r o u g h tha t sys tem 

B I O M A S S h a s b e e n s p o n s o r e d by 
S C A R a n d S C O R — t h e S c i e n t i f i c 
C o m m i t t e e on Anta r t i c Resea rch a n d the 
Scient i f ic C o m m i t t e e on O c e a n i c R e ­
search (acronyms a b o u n d in in te rna t iona l 
r e sea rch) . T h e s e c o m m i t t e e s are n o n ­
gove rnmen t bodies set u p by the inter­
na t iona l scientific c o m m u n i t y u n d e r t he 
g e n e r a l u m b r e l l a of t h e I n t e r n a t i o n a l 
C o u n c i l of Scientif ic U n i o n s . 

I n spi te of t he fact that Aus t ra l ia h a s 
laid c la ims to ab o u t one- th i rd of t he An t ­
a rc t i c c o n t i n e n t , i t h a s m a d e n o c o m ­
m i t m e n t to pa r t i c ipa t e i n B I O M A S S . 
Yet , if at some future da te th is coun t ry 

International and national 
agencies are trying to make 
sure that krill-fishing does 
not become yet another 
example of disastrous 
over-exploitation. 

Antarctic krill, the bountiful food 
of many creatures in the Southern 
Ocean. 

Trawl net full of krill hauled aboard the 
Walther Herwig. 

decided to ex tend its sovereignty over a 
200 -nau t i ca l -mi l e f i sh ing zone a r o u n d 
these c la ims , it w o u l d be appropr ia t ing a 
cons ide rab l e s e g m e n t of t h e S o u t h e r n 
O c e a n . 

H o w m u c h d o we k n o w a b o u t t h e 
ecosys tem of the S o u t h e r n O c e a n now? 

State of knowledge 
L e t u s beg in w i t h kr i l l , the cent re of the 
system. Anta rc t i c kri l l ( there are o ther 
kr i l l s at lower l a t i tudes ) c o m p r i s e s ix 
spec i e s of p r a w n - l i k e c r u s t a c e a n s , of 
w h i c h Euphausia superba is the la rges t 
and m u c h the m o s t abundan t . Because of 
th i s , and because i t is par t icular ly a m e n ­
able to f ishing, E. superba a n d ' an tarc t ic 
kr i l l ' a re g e n e r a l l y r e g a r d e d as b e i n g 
synonymous . 

Anta rc t i c kri l l occurs only in t he Sou th ­
ern Ocean . Biologis ts regard th is ocean as 
be ing the 36 mi l l i on sq. k m of sea that 
su r round Anta rc t i ca f rom the shore to as 
far n o r t h as the Anta rc t i c Convergence . 
(At t he Anta rc t i c Conve rgence , w h i c h is 
located i n the r eg ion of 55—60°S, cold 
antarc t ic water s inks b e n e a t h suban ta rc -
tic water , w i th t h e resu l t tha t the C o n ­
v e r g e n c e f o r m s a n a t u r a l b a r r i e r for 
p l a n k t o n . ) K r i l l p r o b a b l y o c c u r s 
everywhere i n t he S o u t h e r n Ocean , bu t i ts 
a b u n d a n c e varies very greatly. 

T h e m a j o r c o n c e n t r a t i o n s s e e m to 
occur a round the i s land of S o u t h Georg ia , 
in t he Scot ia Sea , a n d i n t he Eas t W i n d 
and Wedde l l Drifts — two cur ren ts dr iven 
by the easterly w inds tha t b low a r o u n d the 
edge of the Anta rc t i c con t inen t (see t he 
m a p on page 6). H o w e v e r , o ther concen t ­
ra t ions have b e e n found e lsewhere . 

I t h a s been sugges ted that each con-

Nella Dan crashes through the waters of 
the Southern Ocean en route for one of 
Australia's antarctic bases. Fishing for 
krill in these rough and remote waters 
will present its own peculiar difficulties. 
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cen t ra t ion represen t s a se l f -main ta in ing 
popu la t ion , bu t th i s m a y no t be so s ince 
t he water of t he Eas t W i n d Drift moves 
ant i -c lockwise r igh t a r o u n d Antarc t ica , at 
t he s ame t i m e s lowly spi ra l l ing ou twards 
towards t he no r th . T h u s the kri l l m a y b e 
be ing swept a r o u n d the con t inen t , mere ly 
b e c o m i n g concen t ra t ed i n par t icu lar reg­
ions . Obviously , i t w o n ' t be poss ib le to 
c o m e u p w i t h m a n a g e m e n t p rocedures for 
t he kri l l r e source u n t i l we k n o w w h e t h e r 
it is a s ing le p o p u l a t i o n , or several rela­
tively isolated ones . 

W i t h i n t he r eg ions w h e r e i t is c o m m o n , 
t he kri l l forms i n t o large n u m b e r s of ex­
t remely concen t ra t ed swarms . E a c h m a y 
con t a in as m u c h as several k i log rams of 
kri l l per cub ic me t r e . T h e swarms vary i n 
size from a few me t r e s to several h u n d r e d 
m e t r e s a c r o s s , a n d i t i s t h i s s w a r m -
forming hab i t tha t m a k e s it relatively easy 
to t rawl for kr i l l . W e d o n ' t k n o w w h e t h e r 
m u c h of the kril l popu la t ion occurs i n 
these swarms , a n d o n c e aga in k n o w i n g 
the answer to th i s ques t ion is vital for 
m a n a g i n g the fishery properly. 

I t u s e d to be t h o u g h t tha t the swarms al l 
occur red o n the surface. N o w a d a y s it h a s 
b e e n s h o w n , u s i n g e c h o - s o u n d i n g 
e q u i p m e n t and mid-wate r t rawls , t ha t t he 
swarms may occur d o w n to abou t 200 
me t r e s dep th . 

Swarms explained? 
W h y do kri l l s w a r m s form? R u s s i a n re ­
search indica tes tha t they are a t r ans i en t 
p h e n o m e n o n , c o n n e c t e d w i t h t he availa­
bil i ty of food. U n l i k e t he other five an ta rc ­
tic kri l l spec ies , E. superba eats m a i n l y 
d ia toms and o ther phy top lank ton , w h i c h 
l i v e n e a r t h e s u r f a c e w h e r e t h e r e i s 
e n o u g h l i g h t for p h o t o s y n t h e s i s . T h e 
R u s s i a n observat ions sugges t tha t , w h e n 
the phy top lank ton is abundan t , t he ind i ­
v idual kri l l a n i m a l s spend par t of the day 
act ively fo rag ing i n t he surface wate r . 
O n c e reple te , they aggrega te i n to swarms 
and s ink. 

K r i l l s w a r m s a p p e a r to o c c u r m o s t 
w h e r e t h e y h a v e t h e m o s t p l e n t i f u l 
suppl ies of their phy top lank ton food. I n 
its t u r n th is phy top l ank ton grows i n t he 
wa te r s m o s t r i ch ly e n d o w e d w i t h n u t ­
r i en t s . T h i s re la t ion ra ises t he possibi l i ty 
of u s i n g a p h e n o m e n o n k n o w n as f luores­
cence for de tec t ing areas whe re kril l is 
mos t ly likely to s w a r m . 

T h e m i n u t e o n e - c e l l e d p l a n t s t h a t 
m a k e u p t h e p h y t o p l a n k t o n c o n t a i n 
ch lorophyl l , w h i c h fixes energy from the 
s u n for u s e by the cel l . If you take t he 
ch lo rophy l l i n t h o s e one-ce l l ed p l a n t s 
and , i n a da rkened r o o m , sh ine b lue l igh t 

Australia claims about one-third of 
Antarctica. The claims of the United 
Kingdom, Argentina, and Chile conflict. 

i n to t he so lu t ion , it gives off a very d i m red 
g low. T h i s is f luorescence . T h e in tens i ty 
of the f luorescence of t he ch lorophyl l in ­
dica tes h o w m u c h phy top l ank ton is p re ­
sent . 

T h e S o u t h e r n O c e a n is the w o r l d ' s 
m o s t prolific p roducer of p l ank ton , a n d 
par ts of it are very r i c h i n n u t r i en t s indeed . 
O n e m a y therefore expec t to find t he m o s t 
phy top lank ton — a n d h e n c e the greates t 
concen t ra t ions of ch lorophyl l — i n these 
p a r t s , a n d s a m p l e s t a k e n f r o m t h e m 
shou ld consequen t ly give the b r igh tes t 
f luorescence. T h e s e are t he waters whe re 
kril l swarms m a y be expected to form. 

A l t h o u g h Aus t r a l i a pos se s se s n o r e ­
search ships capable of s tudy ing i n an ta rc ­
tic waters , M r Dav id T r a n t e r of the CSIRO 
Div i s ion of F i s h e r i e s a n d Oceanog raphy 
was ab le to inves t igate f luorescence levels 
i n t he S o u t h e r n O c e a n ' s waters la te las t 
year as a gues t aboard the Walther Herwig, 
a Wes t G e r m a n resea rch sh ip . H e found 
that , by and la rge , t he re la t ion be tween 
n u t r i e n t s i n t he wa te r , p h y t o p l a n k t o n 
c o n c e n t r a t i o n s , f l u o r e s c e n c e , a n d t h e 
availabili ty of kri l l d id indeed ho ld t rue . 

Life cycle 
Kri l l ' s life cycle is t h o u g h t to take be­
t w e e n 2 a n d 4 y e a r s . T h e c r u s t a c e a n 

Antarctic krill, Euphausia superba — 
actual size. 

apparent ly spawns a t t he surface m a i n l y 
be tween January and M a r c h . I t s eggs t h e n 
s ink to a very cons iderab le d e p t h (possibly 
as deep as 3000 met res ) . D u r i n g the weeks 
tha t follow, t he eggs h a t c h a n d the t iny 
larvae c l imb aga in to t he surface, p a s s i n g 
t h r o u g h several life s tages as they do so . 
O n c e a t the surface they pass t h r o u g h a 
further s ix s tages before b e c o m i n g adul t s 
tha t r each the i r m a x i m u m size of 6 c m . 

Unfor tuna te ly it h a s no t yet b e e n pos ­
s ible to work ou t h o w m a n y eggs e a c h 
female p roduces , a n d jus t h o w m u c h kri l l 
is added to t h e popu l a t i on each year — 
vital p ieces of in fo rmat ion for ra t iona l 

Fisheries biologists generally 
regard annual catch levels of 
50—60 million tonnes as 
feasible — about the same 
order of size as the entire 
world fish catch at present. 

Walther Herwig, the West German 
antarctic research vessel , off South 
Georgia. 

m a n a g e m e n t . T o da t e , m o s t ca lcu la t ions 
of the a n n u a l add i t ion to t h e popu l a t i on 
have been m a d e by a s s u m i n g that t he total 
b iomass r e m a i n s cons tan t , a n d calcula t ­
i n g h o w m u c h i ts var ious preda tors have 
c reamed off. 

U s i n g th is m e a n s , t he m o s t widely ac ­
c e p t e d c a l c u l a t i o n s s u g g e s t t h a t t h e 
a m o u n t c o n s u m e d by w h a l e s , seals , pen ­
g u i n s , and o ther predators totals a r o u n d 
abou t 200 mi l l i on t o n n e s each year. H o w ­
ever, as a c o n s e q u e n c e of t he great r educ ­
t ion of w h a l e s tocks d u r i n g th i s cen tury , 
the a m o u n t t aken by each c o n s u m e r h a s 
varied considerably . 

Can whales recover? 
If m o r e food h a s b e c o m e avai lable be­
cause of wha l ing , o n e m a y expec t t h e 
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Crab-eater seals apparently consume 
about 63 million tonnes of the krill eaten 
each year by seals — more than all, the 
whales combined. The estimate for 
squid is very rough. 

kr i l l - consumers tha t r e m a i n to r e s p o n d in 
some way. I n fact, the re is evidence t h a t 
some of the seals a n d smal ler wha le s a re 
m a t u r i n g m o r e quickly t h a n they u s e d to , 
p r e sumab ly because of t he greater kri l l 
supply available. S o m e p e n g u i n popu la ­
t ions have a lso inc reased . T h i s ra i ses a 
d i s c o n c e r t i n g t h o u g h t : if t h e sma l l e r , 
fas ter-growing eaters of kri l l are t he ones 
that are ca sh ing i n on the greater food 
supply , wil l t he w h a l e s tocks be ab le to 
recover — rega rd le s s of w h e t h e r l a rge 
commerc ia l f isheries develop as a n addi­
t ional compet i to r for krill? 

T h e m o s t re l iab le ca lcu la t ions of t he 
a m o u n t s of kri l l tha t e a c h predator ea ts 
have been presen ted by D r R. M . L a w s of 
the Br i t i sh Anta rc t i c Survey. T h e m a i n 
predators are w h a l e s , seals (mainly c rab-
eater seals), b i rds (main ly Adel ie P e n ­
gu ins ) , squid , and fish. H e es t imates tha t 
wha le s cur ren t ly c o n s u m e abou t 4 3 mi l ­
l ion tonnes of kri l l e ach year, seals abou t 

Dr Laws calculates that current 
consumption of krill by whales is less 
than one-quarter of that before whaling 
started. 

Krill is perhaps best known 
because it is the food of the 
five much-hunted antarctic 
baleen whales. 

been expected — the re a re at leas t 300 000 
today. T h e s e seals eat kr i l l , b u t a l so fish 
a n d squid (both of w h i c h m a y be i n m o r e 
plent i ful supply because of dep le t ion of 
spe rm wha le stocks) . Adel ie and ch ins t r ap 
p e n g u i n s , a n d a lso t h e f ish-eat ing k ing 
and gen too p e n g u i n s , have also increased . 

A m o n g the wha le s t he p regnancy ra te 
has r i sen i n the b l u e , fin, and sei wha le s 
and , in teres t ingly , i n t he case of the sei t he 
rise h appened before exploi ta t ion of th is 
species began . I n add i t ion , t he m e a n age 
at w h i c h sei a n d fin wha le s b e c o m e sexu­
ally m a t u r e has d ropped — from 11 years 
to 6 for the sei , a n d f rom 8 years to 3 i n t he 
case of the fin. I n b o t h w h a l e s the earl ier 
s e x u a l m a t u r i t y s e e m s to h a v e b e e n 
b r o u g h t ab o u t by a n inc rease i n the ra te of 
g rowth , w h i c h i n t u r n resul ted from in­
creased food in takes . 

Antarctic fur seal: once driven almost to 
extinction by sealers, but now recovering 
well. 

64 mi l l ion t onnes , a n d birds be tween 15 
a n d 20 mi l l ion t o n n e s . 

Ca lcu la t ing t he a m o u n t ea ten by squ id 
is m o r e difficult, s ince t he es t imates c a n 
on ly be m a d e from ou r l imi ted k n o w l e d g e 
of the a m o u n t of squ id that sperm wha le s 
eat, and then a s s u m i n g the size of t he 
squ id popu la t ion f rom th i s es t imate . D r 
L a w s sugges ts t ha t squ id c o n s u m e abou t 
100 mi l l ion t o n n e s of kri l l each year. H e 
cons iders that no t e n o u g h in format ion is 
avai lable to even g u e s s h o w m u c h fish 
c o n s u m e . 

A d d i n g u p the totals for wha le s , seals , 
b i rds , and s q u i d g ives a n a n n u a l con ­
s u m p t i o n of m o r e t h a n 200 mi l l ion t o n n e s 
per year. 

D r L a w s h a s a lso ca lcula ted that , before 
w h a l i n g c o m m e n c e d , the ba leen wha le s 
were c o n s u m i n g n o less t h a n 190 mi l l i on 
t o n n e s per year. T h u s , as a c o n s e q u e n c e 
of wha l ing , wha le s have ceased to be t h e 
pr inc ipa l c o n s u m e r s of kr i l l . A m o n g the 
m a m m a l s and birds a t least , the crab-eater 
seal — wi th a n a n n u a l c o n s u m p t i o n of 
abou t 63 m i l l i o n t o n n e s — seems to have 
t a k e n over. 

Sexual maturity earlier 
As to t he vis ible effects tha t dep le t ion of 
wha les has h a d on o ther kri l l p reda tors , 
D r L a w s h imse l f found that crab-eater 
seals n o w m a t u r e sexual ly earlier t h a n 
they u s e d to. F u r sea ls , w h o s e n u m b e r s 
were reduced to a m e r e few t h o u s a n d as a 
resu l t of h u n t i n g early th i s century , have 
also inc reased faster t h a n w o u l d h a v e 

If the smaller, 
faster-growing eaters of krill 
are the ones that are cashing 
in on the greater food supply, 
will the whale stocks be able 
to recover? 

Q u i t e w h a t al l th i s real ly m e a n s nobody 
is qu i t e su re , o the r t h a n i t sugges ts tha t 
t h e v a r i o u s p r e d a t o r s a r e r e a c t i n g t o 
c h a n g e s i n the food supply . 

Crab-eater sea ls , for example , a l t h o u g h 
n o w the m a i n c o n s u m e r s of kr i l l , m a y no t 
compe te directly w i t h t he ba leen wha les 
s ince they live t he w h o l e year r o u n d o n 
the edge of t h e pack ice . B u t th i s edge 
spreads back a n d forth across t he d is t r ibu­
t ion r ange of kri l l as win te r follows s u m ­
m e r (in win te r m u c h of the kril l wi l l be 
u n d e r the ice.) T h e ba leen whales , o n the 
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Krill consumed by whales 

before whaling today 
(millions (millions 
of tonnes) of tonnes) 

fin 81-5 16-4 
blue 7 1 - 7 3-4 
minke 19-8 19-8 
humpback 11 -0 0-3 
sei 5-7 2-9 

189-7 42-8 



Krill-fishing — about to begin? 

' T h e r e appea r s n o r e m a i n i n g p r o b l e m 
tha t c a n n o t be ove rcome i n t h e nex t year 
or two, given t he wi l l and t h e r e sou rces 
. . . full-scale exp lo i ta t ion , at least at a 
m o d e s t level of a n n u a l ca tch , is n o t far off; 
it wi l l probably have b e g u n by the ear ly 
1980s. ' 

T h e s e s t a t emen t s c o m e from a r ecen t 
U n i t e d N a t i o n s repor t en t i t led ' T h e H a r ­
ves t ing of Kr i l l ' . T h e y imp ly tha t a fully 
opera t iona l kri l l f ishery i s ju s t a r o u n d t he 
corner . 

P e r h a p s t he major factor tha t sti l l h o l d s 
would-be operators back is t h e n e e d to 

find very large marke t s for t he p rocessed 
kri l l . Cer ta in ly th i s d e n i z e n of the S o u t h ­
e rn O c e a n c a n be conver ted successful ly 
i n to a h igh-p ro te in powder for u s e as a n 
an ima l feed, and , as m e n t i o n e d i n t he 
m a i n ar t ic le , kr i l l ' f ingers ' have a l ready 
been o n sale for a tr ial i n C h i l e . 

T h e p r o b l e m is tha t se t t ing u p a fishery 
i n a p lace as hos t i l e or r e m o t e f rom m u c h 
of the wor ld ' s p o p u l a t i o n as the S o u t h e r n 
O c e a n i s ve ry m u c h a t a s k for t h e 
specialist . I n t he l o n g r u n , it wi l l r equ i r e 
e n o r m o u s i nves tmen t i n t he necessary 
e q u i p m e n t . Eve n so , once kri l l p roduc t s 
c a n be m a d e p a l a t a b l e for p e o p l e , t h e 
wor ld ' s major fishing n a t i o n s cou ld diver t 
e n o u g h of the i r t rawlers to the S o u t h e r n 
O c e a n for a f ishery of several m i l l i o n 
t o n n e s to develop a l m o s t overnight . 

Because fresh kril l spoi ls quickly , i t h a s 
been necessary to find ways of p r o c e s s i n g 
it i n to a u sab l e food w h e r e it is c a u g h t . 
T h e other major p r o b l e m s have b e e n find­
i n g re l iable ways to locate kri l l s w a r m s , 
and d e t e r m i n i n g t h e best m e a n s of f i sh ing 
t h e m . 

J u d g i n g by t h e e x p e r i e n c e of r e c e n t 
W e s t G e r m a n a n d P o l i s h a n t a r c t i c 
expedi t ions , it is n o longer difficult t o 
locate kri l l concen t r a t i ons from w h i c h 
impress ive ca t ch ra tes c a n be achieved. 
However , pe rhaps on ly t he R u s s i a n s h a v e 

actual ly tried sus t a ined fishing, as if en ­
gaged i n c o m m e r c i a l opera t ions . 

Echo - sounde r s tha t t r ansmi t vert ical ly 
downwards from t h e sh ip s e e m to provide 
t he m o s t effective m e a n s of de tec t ion . 
T h e echo- sounde r needs to t r ansmi t at 
w a v e l e n g t h s b e t w e e n 100 a n d 2 0 0 
k i loher tz (kHz) — r a t h e r shor te r t h a n 
t hose no rma l ly used for c o m m e r c i a l fish­
ing . A p r o b l e m w i t h de t ec t ing kri l l i n th i s 
way is tha t sa lps , a n o t h e r c o m m o n in ­
h a b i t a n t of t h e S o u t h e r n O c e a n ' s t o p 
layer, are s imi la r i n size. I t is difficult, if 
no t imposs ib le , to tel l t he difference from 
a n echo-sounder char t . F o r t he t i m e be­
ing , i t does n o t s e e m tha t i t wi l l be neces ­
sary to d e v e l o p s u c h u n c o n v e n t i o n a l 
m e t h o d s for de t ec t ing kri l l s w a r m s as re­
m o t e a i rborne sens ing . 

By t he m i d 1970s, or earl ier , r e sea rchers 
real ized tha t kri l l s w a r m s c a n b e found 

m o r e frequent ly wel l be low the surface 

t h a n at or nea r t he surface (as was pre ­
v i o u s l y t h o u g h t ) . T h i s m e a n s t h a t 
fishermen wil l no t have to worry too m u c h 
a b o u t finding ways of ex t rac t ing t he c rus ­
tacean from the u sua l l y r o u g h surface 
waters of t he S o u t h e r n O c e a n . G a t h e r i n g 
it f rom be low the surface p resen t s a less 
difficult p rob lem. 

I n the i r early t r ia ls t he R u s s i a n s a n d 
Japanese t r ied var ious m e t h o d s of cap­
tu re , i n c l u d i n g u s i n g p u r s e se ine ne t s . 
T h e s e ne ts are des igned so tha t they c a n 
be p laced a r o u n d a shoa l and t h e n c losed 
at the bo t tom ( 'pursed ') to prevent fish 
e scap ing d o w n w a r d s . T h e s e tr ials have 
apparent ly been a b a n d o n e d , a n d i t n o w 
seems to be genera l ly agreed that t rawls 
t h a t c a n b e t o w e d a t a d e s i r e d d e p t h 
(mid-water t rawls) a re m o s t l ikely to be 
t h e best , at least for t he presen t . 

T h e t radi t ional t rawl h a s needed re ­
d e s i g n i n g for fishing for kri l l . T h e m o u t h 
of t h e ne t s h o u ld be as la rge as poss ib le . 
Also , t he w h o l e ne t m u s t be m a d e w i t h a 

smal l e n o u g h m e s h to prevent t h e kril l 
f rom escap ing once i t h a s entered t he 
m o u t h — tradi t ional ly only t he ne t a t t he 
nar rowes t par t (known as t he 'cod end ' ) 
h a s needed to be th is smal l , s ince coarser 
ne t near the m o u t h shephe rds t he fish i n t o 
t he cod end . 

M a k i n g the m o u t h b igger a n d the m e s h 
size smal le r greatly increases t he n e ť s 
d rag , a n d h e n c e t h e a m o u n t of power 
n e e d e d t o t o w i t . U s u a l l y , m i d - w a t e r 
t rawls are towed by o n e boat , bu t the R u s ­
s ians have tr ied u s i n g larger ones towed 
by two boa ts . A n a r r a n g e m e n t h a s even 
b e e n proposed whe re two boats p u l l t he 
t r a w l a n d a t h i r d o n e fo l lows b e h i n d 
p u m p i n  t h  kri l l f ro  t h d end

T h e idea of s u c h a novel a r r a n g e m e n t is 
to ge t a r o u n d a major difficulty w h e n fish­
i n g very d e n s e s w a r m s of kri l l as effi­
c ient ly as poss ib le . W h i l e t he kril l re ­
m a i n s i n t he ne t i n t h e water , it s eems t o 
suffer l i t t le d a m a g e . B u t o n c e i t is h a u l e d 
o n board i t is easi ly c rushed , a n d enzymes 
from rup tu red s t o m a c h s quickly cause t he 
ca tch t o spoi l . A c c o r d i n g to R u s s i a n r e ­
search , kri l l s h o u ld n o t be he ld for m o r e 
t h a n o n e h o u r before p rocess ing if the 
t empera tu re is 10°C. B e t w e e n 0° a n d 7°C 
th i s per iod m a y be ex t ended by 2 or 3 
h o u r s , b u t t h e h u g e c a t c h e s o b t a i n e d 
w h e n fishing kri l l s w a r m s sti l l have t o be 
processed very quickly indeed. 

T h e so lu t ion to th i s p r o b l e m may wel l 
b e a n e w breed of very la rge a u t o n o m o u s 
' f a c to ry ' t rawlers des igned especial ly for 
t he Anta rc t i c kri l l f ishery. N o s u c h t raw­
lers have yet been bui l t

. 

' T h e Ha rves t i ng of Kr i l l . ' G . O. Edd ie . 
(Food a n d Agr i cu l t u r e Organ iza t ion of 
t h e U n i t e d N a t i o n s a n d the U n i t e d 
N a t i o n s D e v e l o p m e n t P r o g r a m : R o m e 
1977.) 

Kr i l l h u n t ! P . H j u l . Fishing News Inter­
national, 1978 (March) , 2 2 - 3 . 

Dissostichus mawsoni (Antarctic tooth fish) 

Notothenia rossii (Antarctic cod) 

Micromesistius australis (pollack or southern poutassou) Dissostichus eleginoides (Patagonian tooth fish) 

Fis h are ano ther antarct ic resource that is being investigated by several countr ies . 
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' T h e Ha rves t i ng of Kr i l l . ' G . O. Edd ie . 
(Food a n d Agr i cu l t u r e Organ iza t ion of 
t h e U n i t e d N a t i o n s a n d the U n i t e d 
N a t i o n s D e v e l o p m e n t P r o g r a m : R o m e 
1977.) 

Kr i l l h u n t ! P . H j u l . Fishing News Inter­
national, 1978 (March) , 2 2 - 3 . 

Notothenia rossii (Antarctic cod) Fis



other h a n d , mig ra t e i n to the S o u t h e r n 
O c e a n only d u r i n g s u m m e r , and leave for 
warmer seas d u r i n g the winter . If all the 
kril l of the S o u t h e r n O c e a n is a s ing le 
popu la t ion , t h e n the seals may be r educ­
i n g the a m o u n t avai lable for the wha le s . 

Aga in , t he p e n g u i n s m u s t be l imi ted i n 
w h a t they take by the d i s t ance they c a n 
travel f rom thei r rooker ies . However , i ť s 
no tewor thy that t he bes t -documented in­
creases i n Adel ie p e n g u i n s and i n fish-
ea t ing gen too p e n g u i n s have occurred i n 
t he S o u t h At lan t i c O c e a n , whe re the re is 
the greates t overlap be tween whales a n d 
p e n g u i n s . 

P e r h a p s D r L a w s drew the wises t con­
c lu s ion w h e n h e wro te that ' t he ba l een 
wha le s probably r e m a i n the m o s t impor ­
t an t vertebrate g roup i n the i r effect on t he 
a n t a r c t i c e c o s y s t e m . T h e i r s t o c k s a r e 
l ikely to stabil ize or s lowly increase w i t h 
real is t ic scientif ic m a n a g e m e n t , bu t i t i s 
u n c e r t a i n w h e t h e r the i r or iginal abun ­
d a n c e wil l be r ega ined even if c o m m e r c i a l 
w h a l i n g ceases ' . O n l y t i m e and the sor t of 
in format ion to be ga thered d u r i n g s u c h 
p rograms as B I O M A S S wil l yield t he 
answers . 

Australian antarctic research 
H o w c o u l d A u s t r a l i a c o n t r i b u t e t o 
B I O M A S S ? T h i s coun t ry current ly car­
r ies ou t a relatively smal l a m o u n t of sc ien­
tific research i n an ta rc t ic waters . I t s m o s t 
major biological pro jec t is be ing carr ied 
ou t by t he Anta rc t i c D iv i s ion of t he D e ­
p a r t m e n t of S c i e n c e a n d the E n v i r o n ­
m e n t . T h i s is a s tudy of the ecosys tems of 
fresh-water a n d sa l ine lakes , and of the 
con t inen t ' s soi ls . 

A u s t r a l i a h a s n o r e s e a r c h v e s s e l s 
equ ipped for an ta rc t i c r e sea rch ; indeed i t 
has n o research t rawlers of su i tab le size 
for s tudies a r o u n d even i ts o w n coast . 

Although nobody is yet fishing for krill 
as a commercial operation, trawlers like 
the West German Julius Loch (shown 
here) have taken large experimental 
catches. 

Supply ships like the Nella Dan could 
gather important information about krill 
as they ply their way between Australia 
and Antarctica. 

T h u s we do no t s e e m wel l p laced to ass is t 
i n t he B I O M A S S program. 

Obviously , a n Aus t r a l i an con t r i bu t ion 
wil l have to be selectively tai lored to t he 
fac i l i t i es a n d o p p o r t u n i t i e s a v a i l a b l e , 
w h i c h m e a n s that s tudies wil l have to be 
l imi ted to wha t c a n be d o n e from supply 
sh ips or labora tor ies on shore , a n d by re ­
m o t e sens ing a n d by co l labora t ing w i t h 
ins t i tu tes a n d o ther agencies abroad. 

Crab-eater seals now appear to consume 
more krill than all the remaining baleen 
whales. 

Adelie penguins (left), which eat large 
quantities of krill, may have benefited 
from depletion of the baleen whale. 
Gentoo penguins (above) may also have 
benefited indirectly, since the fish they 
consume feed on krill. 
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T h e Aus t r a l i an N a t i o n a l C o m m i t t e e 
on Anta rc t i c Resea r ch , a c o m m i t t e e ap­
po in ted by the Aus t r a l i an Academy of 
Sc ience , recent ly cons idered w h a t th i s 
coun t ry cou ld do. I t c a m e u p w i t h a set of 
gu ide l ines for r e sea rch pr ior i t ies . 

How can we contribute? 
T h e Academy ' s c o m m i t t e e sugges ted tha t 
we could m a k e a useful con t r ibu t ion i n 
three ways — by m a k i n g broad-scale sur­
veys of the m o s t p roduc t ive areas of t he 
S o u t h e r n O c e a n , by inves t iga t ing specific 
aspects of kri l l , a n d by s tudy ing selected 
predators of kri l l ( such as crab-eater seals 
or Adel ie p e n g u i n s ) . 

Broad-scale s tudies of the product iv i ty 
of the S o u t h e r n O c e a n could be achieved 
u s i n g informat ion o n the ocean ' s co lour 
and surface t empera tu re tha t c a n be ob­
ta ined from the N I M B U S satel l i te , w h i c h 
was l a u n c h e d la te las t year. I n add i t ion , 
t he c o m m i t t e e sugges ted , sea-water sam­
ples cou ld be t aken a n d analysed aboard 
supply ships as they s teamed to a n d from 
A u s t r a l i a ' s a n t a r c t i c b a s e s . S u i t a b l y 
equ ipped w i t h echo- sounde r s a n d sonar , 
these sh ips cou ld also provide informa­
t ion o n the a b u n d a n c e of kril l . 

As a consequence of whaling 
. . . the crab-eater seal 
— with an annual 
consumption of about 63 
million tonnes — seems to 
have taken over. 

T o m a k e specific s tudies on kri l l , re ­
search ships w o u l d have to be provided. 
S u c h s tudies , the Academy ' s c o m m i t t e e 
sugges ted , shou ld i n c l u d e u s i n g t rawls to 
verify echo-sounder records of kri l l , look­
i n g a t the larvae, inves t iga t ing any geo­
graphical variabil i ty tha t may occur i n 
kri l l popu la t ions , a n d m a k i n g unde rwa te r 
o b s e r v a t i o n s of k r i l l ' s s w a r m i n g b e ­
haviour . 

S tud ies o n t he se lected preda tors w o u l d 
i nc lude yearly c e n s u s e s of par t icu lar col­
o n i e s , i nves t i ga t ion of the i r food con ­
sumpt ion and energe t ics , and observa­
t ions o n their r ep roduc t ion and morta l i ty . 

T h e B I O M A S S p r o g r a m is n o w enter ­
i n g i t s t h i r d yea r , a n d i t i s a b o u t t o 
move from the p l a n n i n g phase to one of 
technica l p repara t ion for- t he first of two 
i n t e r n a t i o n a l b i o l o g i c a l e x p e r i m e n t s . 
T h i s wil l take p lace d u r i n g the s u m m e r 

Crab-eater, leopard, Ross , and Weddell seals generally live on the sea ice. 

Krill concentrations are found almost 
exclusively south of the Antarctic 
Convergence. 

of 1 9 8 0 - 8 1 . A s e c o n d is p l a n n e d for 
1 9 8 3 - 8 4 . 

E v e n t h o u g h the C o m m o n w e a l t h h a s 
m a d e n o p u b l i c c o m m i t m e n t t o t h e 
B I O M A S S p rog ram, several t h ings have 
a l r e a d y b e e n d o n e . T h e A u s t r a l i a n 
N a t i o n a l C o m m i t t e e on An ta r c t i c R e ­
search h a s , for e x a m p l e , n o m i n a t e d D r 
K n o w l e s Ker ry of t he Antarc t ic D iv i s ion 
of t he D e p a r t m e n t of Sc ience and Env i ­
r o n m e n t as na t iona l coordinator . Also , 
s o m e observat ions are n o w be ing m a d e 
from supply ships p ly ing the i r way be­
t w e e n A u s t r a l i a a n d A n t a r c t i c a . A n d , 

w i th in the Anta rc t i c D iv i s ion itself, re ­
s e a r c h p r o g r a m s a r e g r a d u a l l y b e i n g 
or iented s o m e w h a t towards the scientif ic 
p rob lems tha t c o n c e r n B I O M A S S . 

More about the topic 
Seals and whales of t he S o u t h e r n Ocean . 

R . M . Laws.Philosophical Transactions 
of the Royal Society of London, B , 1977, 
279, 8 1 - 9 6 . 

T h e s ign i f icance of ver tebra tes i n t h e 
A n t a r c t i c m a r i n e e c o s y s t e m . R . M . 
L a w s . I n 'Adap ta t ions w i t h i n Anta rc t i c 
Ecosys t ems ; P roceed ings of t he T h i r d 
S C A R S y m p o s i u m on Anta rc t i c Biol­
ogy ' , ed G . A. L l a n o . ( S m i t h s o n i a n I n ­
s t i tu t ion: W a s h i n g t o n 1977.) 

C o n s e r v a t i o n i n t h e A n t a r c t i c . Β . B . 
Rober t s . Philosophical Transactions of 
the Royal Society of London, B , 1977, 
279, 9 7 - 1 0 4 . 

Ecologica l in te rac t ions i n t he S o u t h e r n 
Ocean . R. M . May , Nature, 1979, 277, 
8 6 - 9 . 

' T h e L i v i n g R e s o u r c e s of the S o u t h e r n 
Ocean. ' I . Eve r son . (Food a n d Agri ­
c u l t u r e O r g a n i z a t i o n of t he U n i t e d 
N a t i o n s a n d t h e U n i t e d N a t i o n s 
D e v e l o p m e n t P r o g r a m : R o m e 1977.) 

T h e Anta rc t i c B I O M A S S p r o g r a m m e . 
D . J. T r a n t e r and J. E . S m i t h . Search, 
1979, 10 (in press) . 

' P o l a r R e g i o n s A t l a s . ' ( C e n t r a l I n t e l ­
l igence Agency : W a s h i n g t o n 1978.) 

' A u s t r a l i a n A n t a r c t i c R e s e a r c h : 
G u i d e l i n e s for F u t u r e Scientif ic P ro ­
g r a m s . ' ( A u s t r a l i a n A c a d e m y of 
Sc i ence : Canber ra 1979.) 
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