


A Time to Krill 

Features of Antarctic Krill 
“Antarctic krill are tiny shrimp-like crustaceans.” Thei3 phmse has beeu repeated so-often that many people 
arefllrprisedwhentbeyactuallyseethemforthefirsttime.Atsixcentimetres~tlengthandoveragram 
in weight, most people comment on how big kriv actually are. The coustant underest&&on of the size of 
l&l is probably the result of a general lack of public awareness about them and their importauce iu the 
htmtic ecosystem.,The animals most commonly depicted in books and articles a@out the Antar& are the 
whales, seals and penguins but seldom is much space given to the animals that are their prime f&d source. 
This is unfortunate because Autarctic krill (Euphausiu superbu) is one of the most abundant ‘and success13 
animal species on the planet. Most pictures of krill are either drawn or photo&phed $om. dead or dyiug 
specimens. IGill are difficult to keep iu aquariums so most biologists have to be content with study@ them 
pickled. Dead krill are opaque and their bodies are usually curled up. When they are alive, however, they 
present a much prettier picture. They are mostly traqwenc although their shell is tinged 8 bright red by 
small pigment spots. They have large black eyes and a digestive system that is o&u vivid green f?om the 
pigments of the microscopic plants they have eaten Their overall appearaxe is quite beautim and very 
differeut to the evil-smelling specimeus preserved in formalin in laboratory jars. 

KriU is a geueral term used to describe about 85 species of opeu-oceau crustaceaus ku&vn as euphausiids. 
They look like smaller versions of more familiar crustaceans such as prawns or lobsters, and range in size 
Corn small tropical species less than a ceutimetre in length to little-known deep-sea giauts that can reach 
lengths of 14 ceutimelres. All species of krill have a recognisably cms&ean shape; that is, they &ve au 
elongated head-trunk region (ce@alothorax) and a musculy, segmented tail (abdoiueu) to;-vhich are 
attached five pairs ofpaddle-like swimming legs. The head region houses up to thirteenpairs of mod&d 
limbs that gather food, mauipulate it, grind and iugest it Six of the pairs of ‘thoracic’ limbs form a 
specialised ‘foodbask&, withthefinebristles that project from them forming anet-like strudum. Duriug 
feeding, these limbs are thrown down and outwards enclosing a parcel of water, and the water is squeezed 
out through small flap valves in the ‘basket’ leaviug par&es trapped on the i.usi& from where they are 
passed to the mouth. Autarctic till are maiuly herbivorous feeding on the phytopl&ukton (microscopic 
suspended plants) of the South em Oceau but planktouic animals (zooplaukton) may also f&m a part of their 
dietIn~smmner,femsle~~ckrilllaynpto10,000eggsatatimesometimessevera;ltimesaseason, 
into the surface waters of the Southem Ocean. The eggs are thought to sink to a depth of 2000 me!res 
before hatching. They theu begiu their long (up to ten days) ‘developmental ascent’, dmiug which the newly 
hatched larvae journey up tad the sunlit waters to feed Once krill have suxmouuted their f.icst hurdle’ 
and have reached the surface waters, they begin to grow and chaugq becoming more like the adult as time 
pmgmses Antactic kill larvae face a second great hurdle of their life with their first long, dark, ice-bouud 
wiuter. No-one is quite sure how kriJl, youug or old, survive the Antarctic winter. They do not seui~ to build 
up large f& reserves, somustti~~osesomefoodavailablellnderthei~suchasthealgaewhichgrowson 
the uuderside of the pack ice, detrit& on the sea-floor or the other animals in the water or u&e some 
internal store other than fat. Evidence far the latter comes Corn labomtory studies iu which Antarctic KU 
were found to be able to withstaud long periods (up to 200 days) of @ rvation. They do this by &i&iug, 
usingnptheverymateriatoftheir~tomeettheirmetabolcneeds.~likeallcrustaceansgrowby 
m~~tbatis,tbqrcastofftheold~gshenandexpahdinsizewhilednenewoneisstinsoft. 
whatseanstobe~queinfrrillisthe~~tousetbiSprocessinreverse(inotherwords,~~)~~ 
food is absent It certai@ tends to CX&WZ ecologists when the individ~& m-g &m m&x the ice in 
spring are noticeably smaller than the ones that went in the previous autu&n! 
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As krill come to resemble adults they begiu to aggregate into huge schools or SW- sometimes stretching 
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f~kitametresinevery~~~mairry~o~~oflainpackediatoeacsloubicmetreofwata 
tumingthewaterredororange.Theflrst~seainen w~oventuredintothewatersroMdAntarcticawere 
cc&bed by discoloured patches on’t& surf&x of the water. Captain Cook may even have mistaken one of 
thesepatchesforsbaltowwataandl~ghimtosuspecrbewasntarlan&S~swarmsof~ 
however, are not a common sight. Most ofthe time schools remain unseen, at depth during daylight hours 
aud only rise to the surface at night This diurnal vertical migration is a behaviour adopted by a variety of 
aquatic animals but is perhaps exhibited in its most spectacular guise by Antaretic krill. Just why krill 
occasionally break the rules and arrive at the water’s surface during broad daylight is still unkuown. In some 
species it is linked to reproduction but in others there seems to be no rhyme nor reason to it. One thing is 
certah, though, aud’that is, when they reach the surface, they immediately become prey for myriads of . 
surface feeding predators such as se&ii squid fish or whales. It is the aggregating nature of krin that has 
enabled the baleen whales to evolve their feeding hahi&, if krill were any less dense, great whales would not 
be able to filter enough water to strain out sufficient prey, and their great size attests to the abundaruz of 
krilL 

a: 

The obvious abuiuiauce of krill has not gone unnoticed by fishing fle&s searchmg f& neW species as 
traditional ones are fished out One small species of krill has been harvested off the coast of Japan for the 
last 40 years and is usedmainly asfood for farmedfish. Since the 196Oq however, attentionhasbeen 
turned to Antarctic krill, maiuly because of its huge range (around 35 million square kilometres or four and 
ahalftimestheareaofAustralia)andcolossalabuudauce. J%&atesofkrillabundancemadeinthe 196Os, 
based on the amount of krill freed up by the removal of the baleen whales from the Southern Ocean, 
suggested that a huge sustainable krill harvest of might be possible. More recent estimates based of 
echosounder surveys are more modest and indicate that figures around 150 million tonnes may be more 
repmentative of the total krill popuhrti on size. F@ht fi-om their first scientific discovery, therehasbeen. 
speculation about using Antarctic krill for food In the reports of the German South Polar Expedition of 
1901-1903, Von Dry&ski noted catching “huge quantities of shrimps @trill] ” close to the ice “in such 
quantities that we were able to eat them too; they tasted quite good, but they were rather small and tireso& 
to peel...” In this they anticipated some of the problems later faced by the commercial fishery. 

M&p - Distribution of Antarctic krill and @ill fishing lim its 

Thereh~ebeena?umberof~b~~zlssocistedwiththelrriliindustry.ForastarfAntarctic~are 
founpinaremotelocationthatisarpensivttogettoandoperateiaAndtheteart’armmberofbiological 
obstacles too. They have extremely powerful digestive -es that tend to spoil the catch by break& 
downthekrill’sbodytissuesoonafteadeath.Krillshellsarealsorichinfluoridesotheyhavetobercn?oved 
befiithemeatisfitforhumauconsun@on.These prcmsing problems aU add to the cost ofprdctkm 
andsothe~~hasEdiledtogrowasfastas.somehadinitiallypredictedCurrcntlyfi~gvessels6mm 
only four nations are actively involved iu the fisheryz South Korea, Poland, Japan, and the Ukraine, but 
indications are that the number of operators in the fishery will inueas6. 

Graph - Catches of Antarctic krill and national catches in 1999/2000 
The slow growth of the krill fishery has come as a relief to those concerned about the impact of krill 
harvesting on the Antarctic ecosystem. Most of the larger Antarctic animals, the seals, whales and seabkds 
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f&&y can grow and the mrodmalcatches that are permissible shonld be determined in advance. The 
’ .. irf+pect of a *for-all fishery for Antarctic krill led to the siguing of a unique fishing treaty in 1981. This 

: is the Convention on the C onservation of Antarctic Marine Living Resources, designed to protect the 
Antarctic ecosystem from the consequences of a rapidly expanding krill fishery and to aid recovery of the 
great whales aud some of the overexploited species of fish. The first steps towards management of the krill 
fishery came in 1991 at the tenth meeting of the Commission for the Conservation of Antarctic Marine 
Living Resources (CCAMLR), the body set up to oversee the implementation of de Convention. The 
Commission has now set limits on the krill fishery iu most of the area where krill has been caught and the 
total precautionary catch limit around the Antarctic is 4.8 million tonnes (see map of CCAMLR~areawith 
catch limits). 

This catch limits is much higher than the current fishing levels but this is a reflection of the huge size of the 
resource and of the preemptive approach to management that CCAMLR was designed to take. 

scientific management of the krill @hery requires that we kuow about critical aspects of the life history of 
Id. To date it has proved extremely difficult to study these oceanic animals since they will not adapt well 
to laboratory conditions. In the early 1980s a major international scientific program called BIOMASS 
(Biological Investigations of Marine Antarctic Systems aud Stocks) began studying the role of krill in the 
Amarctic ecosystem. Up until the 1970s almost everything known about Antarctic krill came from studying 
krill pickled at sea and studied on shore, but many of the pressing questions about their biology could only 
be answd by studying live auimals. As patt of the program, techniques had to be developed for keeping 
krill alive for experimental purposes. These were pioneered in Australia, first at the Australian Institute of 
Marine Science in Townsville and then at the Australian Antarctic Division in Kingston where a supply of 
live krill has been kept continuously since 1982. Experimental studies on krill made, possible by the 
existence of captive populations led to an explosion of knowledge about their life pmcesses: theirgrowth 
rates, longevity, physiology and behaviour. There are, however, many aspects of the biology of krill that are 
still difficult to study and for which information is urgently needed for the management of the fishery. We 
need to be able to accurately assess krill abundance; this is a pressing problem as current estimates vary 
widely. It is still uucertain whether loill populations drift with the currents or whether they are able to 
maintain self-sustainin g populations in particular areas, and.one of the major question marks hanging over 
their life history is what they do over winter. We still don’t know how long krill live for. While ear@ 
estimates suggested two years, recent studies have shown they can survive in the laboratory far are at least 
11. Detemnning the age of krill is related to the problem of winter &i&age. Cru&cean %ei-Qw 
measmedbysize,tnrtifkiiUaregrowingandshrinkinginresponsetoaflnctnatingfood~~,itis 
unlikely there will be auy simple relationship between size and age. This is a problem for fisheries 
mauagement as estimates ofprocluction are based on how long we think the animals live for and the natural 
levels of mortality. 

Of course, understanding the biology of krill is only part of the problem when utilising au ecosystem 
approach to management of the marine ecosystem. Knowing how the physical and biological elements in 
the ecosystem iuteract is critical for being able to predict the effects of harvesting and also the e&ct of 
other chauges such as those that might be the result of global watming. It is now well documented that 
elements of the physical environment such as the extent of winter sea ice cart vary considerably between 
seasons aud that there are associated changes that occur in the ecosystem. Understauding the mechanisms 
tdedying these interactions is critical if we are to take iuto account potential changes when developing 
management strategies far the Antarctic region. 

The Antarctic ecosystem is far i%om pristine; the marine living resources of the region have been ~i0ited~ 

for nearly 200 years. The emergence of a kriIl fishery posed the greatest threat to the integrity of the 
Antarch ecosystem but the Cskay has opera&d far below its potential despite its early rapid gro&‘Ifthe 
fishery continues to expaud only slowly, it gives scientists time to carry out the reseamh necessary to 
auswer critical questions concerning the biology of l&l and their iuteractions with other species in the. 
Antarctic ecosystem. This kuovvledge wiIl, in turn, be fed back into the management process to provide 
finther safkguards~ Although the fishy f= Antarctic krill is not turning out to be the cornucopia that many 
had imagined, it is also not turning out to be the environmental scourge that it had the potentiafto be, in 



fact, it.&y end up being the agent for the restoration of the Antarctic ecosystem. Without the krill fishery 
there would have been no CCAMLR and it is likely &at CCAMLR will be the fonrm within which the 
major decisions will be made to manage the whole Autarchc ecokystem, restoring the populations of 
depleted species as well as maintaining a sustahble harvest’ of krill. 
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A version of this article was originally printed in Australian Natural History iu 1994 

For inore information, email: krill@aad-gov.au 

See more infoxmation on the Australian Antarctic AMLR Gogram . 
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