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ABSTRACT: A well defined pelagic population of the Northern krill, Meganyctiphanes norvegica 
was sampled annually at a specific location in the Skandinavian Kattegat, and the major biochemical 
components were measured. Protein and lipid were the main constituents and underwent the most 
pronounced seasonal changes, clearly correlated to the prevailing supply of food organisms. The 
amount of lipid increased to a maximum of 48 % of the dry weight towards winter, out of phase with 
gonad maturation, and therefore interpretable as deposition of ove .r~'intering reserves. Utilisation of 
stored reserves proceeds over winter, with loss of lipid, and decrease in weight but not in length. 
Comparison with literature data showed similarities with other krill populations from different 
geographical locations. The biochemical components of F.uphausia superba, the key organism of the 
marine Antarctic ecosystem, resembled those of M. norvegica. Special polar adaptations are not 
obviously expressed in the proximate biochemical composition. 

INTRODUCTION 

Meganyctiphanes norvegica is an important  member  of the pelagic ecosystem in the 
North Atlantic region, particularly as a food source for fish and whales, and  also as a 
potential  source for commercial fishery {Mauchline & Fisher, 1969; Einarsson, 1945; Falk- 
Petersen, 1981). It has, therefore, been  studied quite intensively (cf. Boysen & Buchholz, 
1984), al though year  round studies have been  hampered  by the obvious difficulties in 
following distinct pelagic populations for long periods (Falk-Petersen, 1981). In contrast, 
a un ique  situation was encountered in the Kattegat where the annua l  development  of a 
largely undis turbed  populat ion could be investigated. This populat ion was confined by 
hydrographical  and  topographical conditions to a specific location, the so-called L~is6- 
Deep (Ulrich, 1983). Concomitant  with a detailed analysis of the populat ion structure 
(Boysen & Buchholz, 1984), samples were taken for determinat ion of biochemical  para- 
meters. The results of this study are presented here. Good documenta t ion of the abiotic 
parameters  in the investigation area was possible, and  plankton-stocks were also moni-  
tored. Accordingly, the influence of the seasonally changing availability of food sources 
on sexual maturat ion and  energy storage of M. norvegica could be well differentiated 
and  effects on biochemical  composition studied. 

M. norvegica is a relatively large euphausiid,  which is able to hold its position against  
currents as observed at the Kattegat location. In this respect, it is quite similar to the most 
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a b u n d a n t  euphaus i id  species,  Euphausia superba (see also Kils, 1982). Othe r  ecological ly  
impor tant  species  hke  Euphausia pacifica are  considerably  smal ler  (Mauchl ine  & Fisher, 
1969). General ly ,  the two former species  share  several  physio logica l  p roper t i e s  (Buch- 
holz, 1985; 'Adelung et al., 1987; Spindler  & Buchholz, 1987) and seem to b e  comparab le ,  
in spite of their  different  habitats ,  borea l  versus polar.  Accordingly,  s tudies  on the 
Nor thern  kfill M. norvegica can also shed  l ight  on the  b iology of E. superba, one of the  
key  organisms of the mar ine  Antarct ic  ecosystem. 

MATERIAL AND METHODS 

Meganyc~'phanes norvegica indiv iduals  were  col lected du r ing  the pe r iod  March  
1981 to Feb rua ry  1982 from the L~s6-Deep,  loca ted  eas t  of the Danish  i s l and  L~s6 at  
57~ 11~ (see Ulrich, 1983, for a descr ipt ion of the  topography  of the  area).  The 
samphng  methods  have  b e e n  desc r ibed  in detai l  by  Boysen & Buchholz (1984). The 
samples  for b iochemica l  invest igat ions  were  quickly frozen and  s tored at  - 2 0 ~  until  
analysed.  The  frozen samples  were  quickly  t hawed  in sea  wa te r  and  s e p a r a t e d  into year -  
classes according to Boysen & Buchholz (1984). The spec imens  be long ing  to year -c lasses  
I and  II were  s epa ra t ed  into males  and females .  The individuals  were  then  qu ick ly  r insed 
in dist i l led water ,  b lo t ted  dry  on filter paper ,  and  f reeze-dr ied  for app rox ima te ly  36 h. 
Each dr ied  spec imen  was  w e i g h e d  in t a red  assay  tubes just  before  analysis ,  on a Met t ler  
HK60 semimicroba lance  (accuracy + 0.01 mg). 

Biochemical  ana lyses  were  carr ied out On individual  specimens.  The  es t imat ion of 
total  prote in  was  m a d e  us ing the modif ied  Biuret method  desc r ibed  by  B~mstedt  (1974). 
Total  hpids  were  ext rac ted  us ing  the me thod  of Folch et al. (1957), by  ex t rac t ing  with 
chloroform-methanol  2 to 1 us ing  an Ultra-Turrax homogen ize r  fol lowed b y  purif icat ion 
with 0.9 % aqueous  sodium chloride.  The  hp id  extract  was ana lysed  by  the  colorimetric  
su lphophosphovani l l in  me thod  agains t  a s t anda rd  solution of cholesterol  accord ing  to the  
method  of Barnes  & Blackstock (1973). Carbohydra te  de te rmina t ion  was m a d e  according  
to Raymont  et  ai. (1964) as ind ica ted  by  B~mstedt  (1974), and  cahbra ted  aga ins t  s t andard-  
glucose.  Chit in was  de t e rmined  according  to B~mstedt (1974). Individuals  used  for ash 
weight  were  inc inera ted  in a muffle furnace  at  540~ for 24 h. Differences in the  main  
b iochemical  components  were  tes ted  by  means  of a F-Test, which was  p r e c e d e d  by  a test  
for normal  dis t r ibut ion and  a Bart let t-Test  for var iance  homogene i ty  fo l lowed by  the 
Mult iple  Range  Test  after Duncan.  In the  case of non-normal dis t r ibut ion or 
inhomogene i ty  of var iance,  the  non-paramet r i c  Nemenyi -Tes t  was  used.  For stat ist ical  
analysis,  Sachs (1984) se rved  as a reference.  

RESULTS AND DISCUSSION 

Annual  s tudies  on popula t ions  of Meganyctiphanes norvegica inc lud ing  informat ion 
on their  b iochemica l  composi t ion are summar ized  by  B~mstedt  (1976). Recen t  da ta  is 
g iven  by  Fa lk-Pe te rsen  (1981) and  Sae ther  & Molar (1987}. All s tudies  on M. norvegica so 
far have  been  conduc ted  in more  l and- in f luenced  environments, ei ther  in Scot t ish  firths 
or in Norweg ian  fjords. Boysen & Buchholz (1984) were  the first to repor t  in de ta i l  on a 
pe lag ic  popula t ion  found in the  Kattegat ,  wi th  reference to biotic and  abiot ic  condit ions.  
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Those studies are  supp lemen ted  by  the presen t  invest igat ion which  provides  informat ion 
on its seasonal  biochemistry.  

Based on the uniformity of l eng th / f requehcy  distributions, Mauchl ine  (1985) 
descr ibed  an Atlantic  cohort of M. norvegica as be long ing  to a coherent  pe lag ic  popu la -  
tion. The same argument ,  which was  e x t e n d e d  by  the even deve lopmen t  seen  in sexua l  
maturat ion,  was used  to a t t r ibute  the  term true popula t ion  to the  N o r t h e m  kfill  in the  
K a t t e g a t  Accordingly,  it was a s sumed  that  ex terna l  i n fuences  on the popula t ion  s tudied,  
such as immigra t ion  of animals  from the S k a g e r a k  with different  environmenta l ,  in 
par t icular  nutrit ional,  b ackg round  were  negl ig ible .  This special  s i tuat ion was r e g a r d e d  as 
a good prerequis i te  for the  inves t igat ion of the annua l  changes  of b iochemica l  pa ramete rs .  

Boysen & Buchholz (1984) descr ibe  the annua l  changes  in the  s tanding  crops of 
phyto-  and  zooplankton  of the s tudy area.  Here  the  typical  cycle of a spr ing  bloom, a 
summer  low and  a p ronounced  au tumn bloom fol lowed by very iow winter  levels  can  be  
seen. The peaks  of zooplankton  b iomass  follow the chlorophyll  max imum with a de l ay  of 
approximate ly  one month. In spr ing and  autumn,  diatoms predominate ,  whils t  in summer  
dinoflageUates are more abundant .  Copepods  constitute ca 95 % of the zoop lank ton  
s tanding  stock throughout  the year.  M. norvegica is mainly carnivorous but  has  b e e n  
shown to use phy top lank ton  as s taple  food as s tud ied  in detail  in the  L/is6-Deep (Klages 
1983). Boysen & Buchholz (1984) found a clear  relat ionship .be tween the avai labi l i ty  of 
food and  growth in weight ,  B&mstedt (1976) and  Falk-Petersen  (1981) concur wi th  this, 
a l though the growth curves for M. norvegica show some discontinuit ies  in the  la t ter  
study. 

The  seasonal  changes  in dry we igh t  of M. norvegica and of the s tanding  stocks of 
zoo- and  phy top lank ton  in the L/is6 a rea  are  dep ic t ed  in Figure  1 (see also Boysen & 
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Fig. 1. Meganyctlphanes norveg~ca. Seasonal var iat ion in dry weight  (rag . i nd iv iduum - I )  in year-  
class I and II. Males: continuous lines; females: dashed lines. Zooplankton (DWT = dz~ Z we ight ,  
g �9 100-3m) a_nd 9hy top lank ton (carbon, pg.  1-1} levels in  the study area. Zooplankton:  f i l led rhombs 

Phytoplankton:  open rhombs 
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B u c h h o l z ,  1984). T h e  p h y t o p l a n k t o n  c a r b o n  is c a l c u l a t e d  f rom c h l o r o p h y l l  a v a l u e s .  T h e  

z o o p l a n k t o n  w e i g h t  e x c l u d e s  t h e  e u p h a u s i i d s .  

T h e  c u r r e n t  m a t e r i a l  s h o w s  t h a t  t h e  a n r m a l  p l a n k t o n - a v a i t a b i h t y  c l o s e l y  c o r r e l a t e s  

w i t h  t h e  g r o w t h  i n  w e i g h t  in M. nolvegica i n  t h e  y e a r  c l a s s e s  I a n d  II i n  F i g u r e  1. T h e  

d e c r e a s i n g  s t a n d i n g  s tock  f rom t h e  d o w n s l o p e  of t he  s p r i n g  p l a n k t o n  b l o o m  t o w a r d s  

s u m m e r  is r e f l e c t e d  in  r e l a t i v e l y  s low kri l l  g r o w t h  ra tes .  T h e  s t e e p l y  i n c r e a s i n g  v a l u e s  a t  

t h e  t i m e  of t h e  a u t u m n  b l o o m  a r e  f o l l o w e d  b y  a c o n s i d e r a b l e  g a i n  in  w e i g h t  in  t h e  

a n i m a l s .  D u r i n g  w i n t e r ,  p l a n k t o n  g r o w t h  s t a g n a t e s  a n d  t h e  ~ loses  w e i g h t  a c c o r d -  

ing ly .  T h i s  w e i g h t  r e g r e s s i o n  d u r i n g  w i n t e r  is no t  c o n c o m i t a n t  w i t h  a l e n g t h  d e c r e a s e  

(Buchho lz ,  1985}. A c c o r d i n g  to a h y p o t h e s i s  b y  I k e d a  & D i x o n  {1982), s u c h  w i n t e r -  

s h r i n k a g e  d o e s  o c c u r  in  E. superba. C o n s e q u e n t l y ,  b o d y  s h r i n k a g e  as  a n  o v e r w i n t e r i n g  

s t r a t e g y  is n o t  a g e n e r a l  f e a t u r e  in  e u p h a u s i i d s .  

T h e  a n n u a l  b i o c h e m i c a l  c h a n g e s  a r e  s h o w n  in  T a b l e  1: To a id  i n t e r p r e t a t i o n  of t h e  

Table 1. Seasonal  biochemical  composition of Meganyctiphanes norvegica. The values  are expres- 
sed as percen tage  of the dry weight. Mean  values are given; s tandard deviations are summarized as 

average coefficient of variation (CV/%}. n: n u m b e r  of specimens analysed~ I, II, 0: year  classes 

Groups Date DWT % DWT 
[mg] 

Protein Lipid CH20 Chitin Ash Total 

Males I 31/3 19.3 53.9 20,8 1.6 5.1 18.0 99.4 
7/5 26.6 69.4 18.3 1.4 4.2 14.0 107.3 
7/7 33.9 50.6 7.8 1.7 4.6 21.9 86.5 

30/9 59.9 56.8 18.6 1.5 4.2 15.4 96.6 
26711 62.4 47.6 47.8 2.1 3.0 14.0 114,6 
16/2 50,4 61.7 15.5 1.6 3,1 18.1 I00,0 

II 31/3 53.7 55.9 28.1 1.6 4.2 16.5 106,3 
7/5 63.8 57.2 16.6 1.0 3.9 13.5 92.3 
7/7 61.4 48.1 10.8 1.0 4.2 20.8 85.0 

30/9 69.5 54.7 21.2 1.3 4.0 16.2 97.3 

Females I 31/3 26.4 55.4 10.0 1.6 4.2 17.6 88.9 
7/5 28.2 53,6 25.6 1.2 2.9 11.2 94,5 
7/7 29.5 52.7 8.7 1.7 3,6 18.4 83.7 

30/9 52.9 55.7 16,9 1.5 3.7 15.3 94.1 
26/11 64.4 49.0 44.2 2.1 3.0 13.8 112.1 
16/2 53.2 52.9 10.7 1.9 3.0 17.6 86.2 

II 31/3 53.0 47.6 26.2 1.7 3.7 16.7 95.9 
7/5 49.9 53.8 21.7 1.2 3.8 11.1 91.5 
7/7 59.8 46.2 12.8 1.2 4.1 19.8 84.2 

30/9 68.7 50.1 17.1 1.6 3.6 16.2 88.7 

Juveniles  0 30/9 3.8 54.4 14.7 2.0 5.3 29.1 105.5 
26/11 13.9 51.3 21.6 2.0 3.8 18.4 97.0 
16/2 12.1 56.9 10.5 1.5 2.4 20.0 91.3 

Mean  - 53.7 19.4 1.6 3.8 17.2 - 

CV% 26.2 11.0 18.6 15.8 15.5 6.9 
n 12-38 3-7 3-7 2-7 2-8 2-7 
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variations in the composition of A4. norvegica in the L&s6-Deep, the amount of each 

biochemical component is expressed as a percentage of the dry %,eight. This avoids any 

errors caused by variation in water content, and conveys information which helps 

distinguish the accumulation of a certain component due solely to growth from the 

storage as a reserve substance (Table i). 

]=or comparison, graphs (Figs 2 and 3) were added to give an impression of the 

development in absolute amounts. A sample size of generally 5 specimens per data point 

seem sufficient as standard deviations are low. For technical reasons, a two-month 

interval between data points is taken in contrast to the roughly monthly interval of the 

population analysis conducted by Boysen & Buchholz (1984). 

Carbohydrates stay low throughout the year and show no differences in relation to 

sex and year-class (p = 0.05). Accordingly, these compounds are insignificant as a 

metabolic store, in contrast to other invertebrates, e.g. molluscs, where glycogen depots 

can constitute over 30 % of the dry %,eight (Walne & Mann, 1975). 
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A slight dec rease  in the chitin proport ion over the yea r  reflects the chang ing  surface 
to weight  ratios in growing  animals.  The same appl ies  to ash content ,  a l though a 
depress ion  is ev ident  in the la t ter  in May  when  l ipid and  pro te in  show p e a k  values.  
Therefore,  the a p p a r e n t  drop in ash pe rcen t age  is gene ra t ed  by  a p ropor t iona l  effect. 

Protein and  l ipid are  the  most  impor tan t  body  components  and  also show the most  
~:Ustinct seasonal  changes .  These  variat ions can be  l inked  to the  avai labi l i ty  of food (see 
Pigs 1-3). 

Protein and  l ipid- levels  (in mg/ indiv idual :  Pigs 2 and  3) are  gene ra l ly  low and /o r  
decrease  after the spr ing  p lank ton  bloom in the  two sexes  as wel l  as yea r  classes. 
Towards  autumn,  para l le l  to r ising p lank ton  values,  hp id  and  pro te in  va lues  increase  
s teeply  to a max imum in November .  Until February,  pro te in  va lues  c h a n g e  litt le due  to 
the weight  dec rease  (Fig. 1), whe reas  the m a r k e d  dec rease  in l ipid can be  assoc ia ted  with 
its use  as ene rgy  source dur ing winter.  Cons idera t ion  of proport ions  (Table 1) ra ther  than  
of absolute  amounts  (Figs 2 and  3) m a k e s  this even  clearer:  

The pro te in  propor t ions  in both sexes  in yea r  class I do not  show m a r k e d  changes  
but  oscil late sl ightly a round  a va lue  of 53 ___ 2 % in females,  and  57 +__ 8 % in males  
(data ca lcula ted  from Table  1). Accordingly,  the propor t ion of p ro te in  as a s t ructural  
body  componen t  stays the same  in a growing animal,  whe reas  hp id  propor t ions  change  
as energy  reserves  are  buil t  up  and ut i l ized aga in  in. re la t ion to the  p reva i l ing  food 
supply.  The we igh t  loss dur ing  winter  (Fig. 1) is therefore  a consequence  of l ipid 
deplet ion.  

Protein and  hp id  amounts  are  natural ly  h igher  in year -c lass  II krill  (p = 0.05; see  also 
Table  1), but  the annua l  pa t t e rn  is similar to year-c lass  I (Figs 1 and  2), unti l  an imals  
d i sappea r  in autumn,  p r e sumab ly  due  to senescence  and predat ion .  

In relat ive and  absolu te  amounts,  the winter  p e a k  in l ipids is marked .  In year -c lass  I, 
it consti tutes 48 % of the dry weight  of males  and 44 % of that  of females .  This would  
m e a n  a difference of 40 % and  36 % respect ive ly  be tw e e n  the summer  m i n i m u m  and  the 
winter  maximum.  In summary,  it can be  s ta ted  that  the  major  componen t s  of the Nor thern  
krill, i.e. pro te in  and  lipid, show seasonal  changes  closely re la ted  to the s t and ing  stock of 
sur rounding  plankton.  The major  physiological  role of prote in  is connec ted  to growth,  
whe reas  l ipid is u sed  mainly  as a metabol ic  depot.  

A second, much  d iscussed  interre la t ionship with sexual  ma tura t ion  is not  substant i -  
a ted  by  our da ta  of the  Kattegat-kri l l .  Fa lk-Pe tersen  (1981) concludes  tha t  l ipids show 
variat ions l i nked  to g o n a d  matura t ion  mainly  dur ing winter  in a N o r w e g i a n  fjord. 
B~mstedt  (1976) comes to the  same conclusion but  contends  that  the loss in l ipids dur ing  
winter  cannot  be  exp la ined  solely on the grounds  of gonad  matura t ion  bu t  to a g rea te r  
extent  by  ca tabol i sm of in terna l  reserves.  In the case s tudies  here,  ne i the r  ma tu ra t ion  nor 
spawning  co inc ided  with  the  observed  l ipid decrease .  In August ,  app rox ima te ly  60 % of 
the  females  have  la id  their  eggs  and  by  October  vir tual ly  all the females  have  s p a w n e d  
(Boysen & Buchholz, 1984). At  that  time, the l ipids are  still increasing.  Thus, they  are  out  
of phase  wi th  gonad  activi ty and  reach  their  p e a k  in late  autumn.  At  the  s ame  time, the  
number  of spe rma tophore -ca r ry ing  males  is r educed  to a minimum. On the  o ther  hand,  
ovary matura t ion  starts in J anua ry  and continues until  the  end  of July. It mus t  therefore  
be  conc luded  that  the  ma in  function of the l ipids s tored in la te  S e p t e m b e r  and  N o v e m b e r  
is to fuel the  metabo l i sm dur ing  winter,  i.e. they are an overwin te r ing  reserve.  

The va lues  p r e sen t ed  here  do not al low fine tempora l  resolution, bu t  qui te  obviously  
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in May, halfway through the maturation cycle, the lipid content is approx. 1.4 times 
higher in females than in males (Table 1) apparently due to egg production. The latter 
data accord well to the work of Bachler (1984), who found a factor of 1.3 in lipids of gravid 
females versus males in M. norvegica from the LasS-Deep. The hpid proportion drops off 
in females towards July as eggs are released, and the values equal those of the males (p = 
0.05). The clear correlation of the hpid content with phases of sexual maturation was only 
possible on the basis of the previous detailed population study {Boysen & Buchholz, 
1984}. 

M. norvegica in the Kattegat shows similar spawning times to the Antarctic E. 
superba: both species spawn between mid and late summer (Boysen & Buchholz, 1984; 
Everson, 1977). Accordingly, it would be of great interest to know ff lipids also constitute 
an overwintering store in E. superba. So far, no extensive seasonal data on lipid 
composition are published although some are in preparation (A. Clarke, W. Hagen, pers. 
comm.} 

The two euphausiid species correspond in another respect: in M. norvegica the 
predominant hpid class is triacylglycerol (= TAG; Bachler, 1984; Clarke, 1984b; Saether 
et al., 1986). In E. superba a high percentage of this compound is also found, although 
accompanied by a considerable amount of phospholipids (Clarke, 1980; Ellingsen, 1982; 
Reinhardt & Van Vleet, 1986). The lipid class composition does not change substantially 
in relation to season in the Northern krill {Sargent & Falk-Petersen, 1981}. Accordingly, 
the data presented here suggest that TAG can function as the overwintering reserve in 
M. norvegica. Whether TAG also constitutes part of the depot lipids for overwintering in 
E. superba remains to be elucidated. Apart from a single report by Reinhardt & Van Vleet 
{1986} on E. superba, neither of the species regularly contain wax esters, which form the 
major and typical depot lipid in other zooplankton species such as copepods and some 
other smaller euphausiids (Lee et al., 1971; Sargent, 1976; Bachler, 1984; Clarke, 1984a; 
Saether et al., 1986}. 

In comparison to the literature, the data of the current investigation correspond well 
to values given by B~mstedt {1976). The latter author compares the overall means of the 
annual study irrespective of sex and season (see Table 1 for present data}. As the 
biochemical composition changes considerably within the year, it is favourable to 
differentiate into seasonal values. In Table 2, this is done by grouping together spring and 
summer data, where available, or spring data, contrasted with the maximum winter- 
value, if given. The results on M. norvegica are further grouped according to latitude and 
compared with E. superba, in order to be able to deduct different composition due to 
possible adaptations to the environment, whether boreal, subarctic or truly polar. 

Considering the lipid/protein ratios in Table 2, the hpid percentage (15 %) of the 
present study is lowest in M. norvegica. Accordingly, it can be argued that the lipid 
content increases with latitude in that species. Falk-Petersen (1981) in fact states that the 
higher lipid values in the subpolar population (spring/summer, 35 %) are a consequence 
of cold water adaptation. Such dependency has been clearly demonstrated in other 
zooplankton species {Clarke, 1983}. On the other hand, the value given by Saether & 
Mohr (1987) for M. norvegica from the same subarctic region is lower by 9 % than in the 
former study. E. superba as a true polar species has relatively low lipid values (summer, 
16 %: Ellingsen, 1982; 21%: Clarke, 1980) which also indicates that the high value given 
by Falk-Petersen is unusual. We feel therefore that the otherwise close range of the hpid 
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Table 2. Comparison of biochemical composition of M. norvegica and E. superba in relation to 
latitude. The given values include data, ff differentiated, of year-class I animals (c~ ~ and ~ ~ ) as 
recalculated from the hterature. Data are in percent/dry weight. S = spring, SS = spring/summer, 

SU = summer, W = winter peak value; months are indicated as figures; "singular value 

Species/ Latitude Season Protein Lipid CH20 Chitin Ash Reference 
Region 

Meganyctiphanes norvegica 
Kattegat 57 ~ SS 3,4, 7 55.9 14.9 1.5 4.1 17.2 current study 

W 11 48.2 46.5 2.1 3.0 13.9 
Bals Fjord 69 ~ SS 4-7 36.8 35.4 - - 15.8 Falk-Petersen (1981) 

W 10 36.1 42.4 - - 13.4 
Bals/UUs Fjord 69 ~ S 2--4 44.2 25.8 - - 12.8" Saether &Mohr(1987) 

Euphausia superba 
South 53-59 ~ SU 1-3 48.5 20.5 2.3 9.3 15.5 Clarke (1980 and 
Georgia pers. comm.) 
Weddell 60-73 ~ SU 1-2 44.8 15.9 - 2.3" 17.0 EUingsen (1982) 
Sea 

v a l u e s  - i n c l u d i n g  t h e  b o r e a l  to subarc t i c  N o r t h e r n  as w e l l  as  t he  An ta rc t i c  k r i l l -  does  no t  

c lear ly  po in t  to a g e o g r a p h i c a l  co r re la t ion  in r e spec t  to l ip id  contents .  M o r e  in fo rmat ion ,  

in pa r t i cu la r  on E. superba, is n e e d e d  to c o m e  to a m o r e  def in i t e  conc lus ion .  

C a r b o h y d r a t e ,  chi t in  and  ash  v a l u e s  c o m p a r e  we l l  in the  two  kril l  spec ies .  T h e  

r e l a t ive ly  h i g h  chi t in  v a l u e  found  by  C l a r k e  (1980) in E. superba is p r e s u m a b l y  d u e  to t he  
mi ld  ex t rac t ion  p r o c e d u r e  in re la t ion  to o the r  work.  As a c o n s e q u e n c e ,  t he  c lose  s imilar i ty  

in p r o x i m a t e  b i o c h e m i c a l  compos i t ion  of the  N o r t h e r n  a n d  An ta rc t i c  kri l l  suppor t s  t he  

a b o v e  s u g g e s t e d  good  comparab i l i t y  in t e rms  of g e n e r a l  phys io logy .  O n  t h e  o t h e r  hand ,  

the  re l a t ive ly  s imple  bu t  w i d e l y  u s e d  m e t h o d s  of b i o c h e m i c a l  d e t e r m i n a t i o n  as p r e s e n t e d  

h e r e  m a y  be  too c rude  to de t ec t  s l ight  bu t  impor t an t  d i f fe rences .  A m o r e  soph i s t i ca t ed  

b i o c h e m i c a l  analys is  of o ther  b o d y  c o m p o n e n t s ,  par t icu la r ly  in r e l a t ion  to t he  m o u l t i n g  

processes ,  is cur ren t ly  in press  (Sp ind le r  & Buchholz ,  1987) a n d  a fu r the r  p a p e r  is b e i n g  
p r e p a r e d  for publ ica t ion .  
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