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Abstract 

Total lipid of Meganycn'phanes norvegica (M. Sars) con- 
tained 53% triacylglycerols and traces of wax esters, that 
of Thysanoessa raschi (M. Sars) contained 44% triacyl- 
glycerols and 10% wax esters and that of T. inermis 
(Kr~byer) contained 28% triacylglycerols and 40% wax 
esters. The triacylglycerols ofM. norvegica were relatively 
rich in 20:1 and 22:1 fatty acids and its traces of wax 
esters resembled those of calanoid copepods. The triacyl- 
glycerols of both Thysanoessa species were deficient in 
20:1 and 22 : 1 fatty acids but were richer in 16 : 1 (n - 7) 
and 18:1 (n - 7) acids than those ofM. norvegica. The 
wax esters of T. raschi contained phytol as almost the 
only fatty alcohol and were rich in 16 : 0 and 18 : 1 (n - 9) 
fatty acids. The wax esters ofT. inermis contained mainly 
16:0 and 14:0 fatty alcohols with lesser amounts of 
phytol and their dominant fatty acid was 18:1, especially 
the (n - 9) isomer. The triacylglycerols of T. inermis had 
18:4 (n - 3) as the major polyunsaturated fatty acid. 
From these and other aspects of fatty acid and fatty 
alcohol analyses it is concluded that a major foodstuff of 
M. norvegica in Balsfjorden is wax ester-rich calanoid 
copepods. T. raschi and especially T. inermis are con- 
cluded to have much more preference for phytoplank- 
tonic food. Results are discussed in terms of current 
knowledge of the lipid chemistry of krill in the northern 
and southern hemispheres. 

herbivorous calanoid copepods such as Calanus hyper- 
boreus have high levels of wax esters that are rich in 
20:1 and especially 22:1 fatty alcohols (Lee, 1974; 
reviewed by Sargent et al., 1978). 

The euphausiids (krfll) form a large part of the polar 
zooplanktonic biomass (Mauchline and Fisher, 1969) 
and in recent years attention has focussed on the possible 
commercial exploitation of krill, especially in the 
Antarctic (Eddie, 1977). The major Antarctic krill, 
Euphausia superba, contains at most traces of wax esters 
but is instead rich in triacylglycerols (Raymont et al., 
1971; Bottino, 1975; Clarke, 1980). Its more southerly 
neighbour, E. crystallorophias, which is commonly 
found close to or under the ice edge, is rich in wax esters 
that contain 14:0 and 16:0 as their major fatty alcohols 
(Bottino, 1975). 

Krill are found in abundance in the Barents Sea and 
in fjords in Northern Norway (Hopkins et al., 1978). 
Balsfjorden, near Troms4 in Northern Norway, contains 
three krill species, Meganyctiphanes norvegica, 
Thysanoessa raschi and T. inermis, that have been sub- 
jected to detailed biological analyses in recent years 
(Hopkins et al., 1978; Falk-Petersen, 1981; Falk- 
Petersen and Hopkins, 1981; Falk-Petersen et al., 1981). 
The present study was undertaken to characterise the 
lipids of these krill in detail to further our understanding 
of the role of lipids and fatty acids in the marine food- 
chain at high latitudes. 

Introduction 

Lee and Hirota (1973) proposed that wax esters were 
elaborated in large amounts by marine animals, especially 
zooplanktonic species, present in environments where 
short periods of food plenty were followed by long 
periods of food shortage. This situation is likely to occur 
especially in polar regions where primary production, 
although intense, occurs over a short period. Arctic 

Materials and Methods 

Euphausiids 

Individuals of Meganyct~hanes norvegica (M. Sars), 
Thysanoessa raschi (M. Sars) and T. inermis (Kr~yer) 
were caught in Balsfjorden, near Troms~b, during 
November and December of 1976 and 1977 by methods 
already detailed (Falk-Petersen, 1981). The present 
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Table 1. Meganyctiphanes norvegica, Thysanoessa raschi and T. inermis. Lipid class 
composition during mid-winter 

M. norvegica T. raschi T. inermis 

Wet wt (mg) 533.3 • 92.1(8) 
Dry wt (mg) 136.9 • 23.7 
Total lipid (% dry wt) 41.9 • 2.8 

76.4• 98.3• 
19.5• 30.5• 4.3 
40.2• 53.9• 1.7 

Lipid class composition (%) 
phospholipids 11.4 • 0.4 
monoacylglycerols 6,0 • 0.3 
sterols 6.7 • 0.6 
free fatty acids 19.1 • 1.4 
triacylglycerols 53.3 • 3.4 
unknown 3.5 • 1.5 
wax esters 0.0 

19.8• 14.0• 1.3 
8.0• 6.8• 0.6 
6.8• 3.3• 0.8 

11.5• 8.3• 1.1 
43.6• 27.5• 1.3 

0.0 0.0 
10.3• 40.1• 2.7 

work was based on 5 male + 3 female Al. norvegica, 
6 male + 6 female T. raschi and 4 male + 1 female T. 
inermis. The wet weights, dry weights and percentage 
total lipid present in the dry weight of  these euphausiids 
have already been published (Falk-Petersen, 1981). 
Mean values are shown in Table 1. 

Lipid Analyses 

Individual euphausiids were dried in desiccators over 
silica gel at ambient temperature until constant weight 
was reached. Total lipid was extracted from each speci- 
men by the method of Folch et al. (1957) and made to a 
concentration of 10 mg m1-1 in chloroform:methanol 
(2:1 by volume). Samples were chromatographed on 
thin layers of silicic acid (250 #m thick) using hexane: 
diethyl ether:acetic acid (90:10:1 by volume) as solvent, 
stained with the copper acetate-phosphoric acid reagent 
of Fewster et al. (1969) and analysed by quantitiative 
densitometry as detailed by Sargent et al. (1977). 
Samples of total lipid from all individuals in a given 
species were then pooled and subjected to preparative 
chromatography under the same conditions as above. 
Plates were stained lightly with dichlorofluorescein and 
individual lipid classes detected by reference to known 
standards. Wax ester, triacylglycerol and free fatty acid 
zones were eluted with diethyl ether; the origin zone 
which was equated with phospholipid was eluted with 
chloroform:methanol (2:1 by volume). Eluates were 
extracted with 2% KHCOa twice to remove dichloro- 
fluorescein, twice with water and dried under a stream 
of nitrogen. 

Wax esters were saponified using potassium t-butoxide 
(Lee et al., 1971), the reaction mixture acidified with 
HC1, extracted with hexane and the hexane phase sub- 
jected to preparative thin-layer chromatography using 
hexane:diethyl ether:acetic acid (70:30:1 by volume. 
Light staining with dichlorofluorescein revealed the 
presence of free fatty acids and free fatty alcohols with 
traces of wax esters; sterols were not detected. Free fatty 
acid and free fatty alcohol zones were recovered as previ- 
ously, using diethyl ether as eluting agent. 

Methyl esters of free fatty acids, phospholipids and 
triacylglycerols were prepared using H2 SO4-catalysed 
methylation in methanol (Christie, 1973). Fatty alcohol 
acetates were prepared by reacting with acetic anhydride 
in p_yridine (Farquhar, 1962). Trimethylsilyl (M%Si) 
derivatives of fatty alcohols were also prepared by re- 
acting small quantities of alcohols with 20 #1 of bis 
(trimethylsityl)-trifluoroacetamide (Applied Science) for 
20 min at room temperature and removing excess reagent 
under a stream of nitrogen. Methyl esters of fatty acids 
and fatty alcohol acetate or M%Si derivatives were 
analysed by gas-liquid chromatography using a Packard 
429 gas chromatograph (Packard Instruments Ltd) 
equipped with open glass capillary tubing 25 m in length 
and 0.25 mm internal diameter and coated with the 
liquid-phase silar-5CP. The injection port and flame ioni- 
sation detector were operated at 250~ and the oven 
was programmed to rise from 160 ~ to 200~ over a 
45 rain period. Helium was used as carrier gas. Analyses 
were also carried out under similar conditions using a 
CP-Wax 51 fused silica capillary column (25 m x 
0.22 ram) (Chrompack Nedefland, B.V.). Individual 
fatty acids and fatty alcohols were identified by reference 
to known standards and to the data of Ackman and 
Eaton (1978). Derivatives of fatty alcohols were also 
analysed by combined gas-liquid capillary chromatog- 
raphy-mass spectrometry using a Finnigan 4000 quad- 
ropole mass spectrometer coupled to a Finnigan 9610 
capillary gas chromatograph as detailed by Volkman et 
al. (1980). 

Results 

Lipid class analyses were carried out on individual speci- 
mens of Meganycn'phanes norvegica, Thysanoessa raschi 
and T. inermis. No marked differences were noted 
between sexes nor were there obvious differences 
between individuals within a given species. For these 
reasons data in Table 1 are presented as means -+ SE. 

More than one half of the total lipid in Meganycti- 
phanes norvegica occurs as triacylglycerols (Table 1). 
One fifth is free fatty acids. Sterols and "monoacyl- 
glycerols", the latter identified only by mobility on 
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Table 2. Meganyctiphanes norvegica. Fatty acid and fatty alcohol analyses of lipids. 
Data are expressed as wt %. Lipid classes were isolated and derivatives prepared for 
GLC analyses as detailed in "Materials and Methods". Dash indicates < 0.5%; PUFA: 
polyunsaturated fatty acids 

Constituent Free fatty Phospholipid Triacylglycerol Wax esters 
acid 

Acid Alcohol 

14:0 6.8 7.1 8.0 1.0 1.2 
16:0 26.8 22.6 19.2 31.3 16.4 
16:l(n -7) 4.3 2.7 4.5 3.3 - 
16 PUFA 1.4 - 2.1 - - 
Phytanate - - 0.7 - - 
18:0 1.8 1.3 1.3 13.0 - 
18:l(n -9) 11.4 18.0 14.2 28.4 2.2 
18:l(n -7) 7.6 2.2 7.4 2.0 - 
18:2(n -6) 2.2 1.7 1.2 1.9 - 
18:3(n -3) 1.7 - 0.8 - - 
18:4(n -3) 0.6 - 1.8 - - 
20:l(n -9)  6.3 6.0 11.7 9.1 28.7 
20:5(n -3) 8.7 11.1 6.6 4.1 - 
20 PUFA 4.1 0.7 3.0 - 1.3 
22:1(n -11) 2.9 - 6.3 4.8 49.7 
22:6(n -3) 7.3 22.9 6.4 - - 
22 PUFA 1.9 1.8 0.5 - - 
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chromatograms, are minor constituents. The origin zone, 
which was well separated from the adjacent zone of  
"monoacylglycerols", is presumably mainly phos- 
pholipids and accounts for about one tenth of  the total 
lipid. About 3% of  the totallipid occurred as an unknown 
zone, which was present in 4 out of  8 individuals 
analysed in the range 4 to 11% of their total lipid. This 
zone migrated on thin layers with a mobility similar to 
that of  alkyldiacylglycerols or phthalate esters. It was 
not investigated further, nor was it present in the other 
species analysed. Traces of  wax esters could just be seen 
in all individuals of  M. norvegica but these were below 
the limits of  detection of  the analytical method used. 

The major lipid in Thysanoessa raschi is triacyl- 
glycerols. Small but  very significant amounts of  wax 
esters are also present. The wax esters account for the 
same percentage of  total lipid as free fatty acids, whereas 
phospholipids constitute some 20% of total lipid. A 
different situation holds for T. inermis where, although 
substantial amounts of  triacylglycerols are present, the 
major lipid is now wax esters. Polar lipids and free fatty 
acids account for smaller percentages of  the total lipid in 
7". inermis than in T. raschi. 

Since large differences were not observed between the 
individual analyses in Table 1, the respective lipid classes 
in a given species were isolated from pooled samples of  
total lipid prior to fatty acid and fatty alcohol analyses. 
Sufficient amounts o f  the traces of  wax esters in Mega- 
nyctiphanes norvegica could be isolated by heavily loading 
several preparative plates and combining the wax ester 
zones. 

Table 2 shows the acid and alcohol analyses of  the 
lipid classes of  Meganyctiphanes norvegica. The major 
fatty acids in the triacylglycerols are 16:0 and 18:1. Of 
the latter the (n - 9 )  isomer, oleic acid, is present in 

almost twice the amount of  the (n - 7 )  isomer, cis-vac- 
cenic acid. Small amounts of  16:1 are also present. 20:1 
and 22:1 fatty acids are present in the ratio 2:1 approxi- 
mately. The major polyunsaturated fatty acids in the 
triacylglycerois are 20:5 ( n - 3 )  and 2 2 : 6 ( n - 3 ) ,  present 
in equal amounts, and quite significant amounts of  Cls 
polyunsaturates including 18:4(n - 3 )  are also present. 
Small amounts of  phytanic acid were detected. In 
general, the percentage composition of  the free fatty 
acids recovered from M. norvegica is similar to that of  
triacylglycerols. 

The phospholipid fraction of  Meganyctiphanes nor- 
vegica is characterised by large amounts of  20:5(n - 3 )  
and 22:6(n  - 3 )  with the latter predominating. The 
major saturated and unsaturated fatty acids are 16:0 
and 18: l(n -9 ) .  Small amounts of  20:1 and lesser 
amounts of  18: l(n - 7 ) ,  are present but 22:1 was not  
detected. 

The traces of  wax esters in Meganyctiphanes norvegica 
contain 16:0, 20:1 and 22:1 as major fatty alcohols. The 
fatty acids of  the wax esters are rich in 16:0, 18:0, 18:1 
(n - 9 ) ,  20:1 and 22:1 moieties. The latter two are 
present in the ratio approximately 2:1. The major poly- 
unsaturate is 20 :5  (n - 3), and 22 :6  (n - 3) was not 
detected. 

Table 3 shows the triacylglycerols of Thysanoessa 
raschi to have 14:0 and 16:0 as major saturated fatty 
acids, with lesser amounts of  18:0. The major mono- 
unsaturated fatty acids are 16:1, 18:1(n - 9 ) a n d  18:1 
(n - 7 ) ,  present in approximately equal amounts. Only 
traces of  20:1 and 22: i  fatty acids are present. The 
triacylglycerols of  T. raschi are not particularly rich in 
polyunsaturates; the major component is 20:5(n - 3 ) ,  
with only small amounts of  22:6 (n - 3 ) .  Small amounts 
of  phytanic acid were detected. The free fatty acids of  
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Table 3. Thysanoessa raschi. Fatty acid and fatty alcohol analyses of lipids. Data 
are expressed as wt %. Lipid classes were isolated and derivatives prepared for GLC 
analyses as detailed in "Materials and Methods". Dash indicates < 0.5%; PUFA: 
polyunsaturated fatty acids 

Constituent Free fatty Phospholipid Triacylglyeerol Wax esters 
acid 

Acid Alcohol 

14:0 8.3 7.8 14.1 4.8 1.7 
16:0 30.6 27.1 31.2 34.6 2.3 
16:l(n -7 )  3.8 6.2 11.9 7.8 - 
16 PUFA - - 2.4 - - 
Phytanate - - 1.7 1.2 - 
18:0 3.8 2.9 2.4 6.2 - 
18:l(n -9 )  8.2 8.2 11.6 9.1 - 
18:l(n -7 )  10.9 11.1 10.8 11.4 - 
18:2(n -6 )  3.8 2.0 1.6 1.2 - 
18:3 (n -3 )  - 0.5 0.6 - - 
18:4(n -3 )  0.9 1.6 1.8 0.9 - 
20:l(n - 9 )  - - 0.7 3.9 - 
20:5(n -3 )  19.8 19.3 3.6 7.1 - 
20 PUFA 0.9 0.6 2.4 2.5 - 
22:1(n -11)  - - 0.6 3.2 - 
22:6(n -3 )  6.6 10.5 0.6 - - 
22 PUFA - - 0.7 2.5 - 
Phytol . . . .  93.0 

Table 4. Thysanoessa inermis. Fatty acid and fatty alcohol analyses of lipids. Data 
are expressed as wt %. Lipid classes were isolated and derivatives prepared for GLC 
analyses as detailed in "Materials and Methods". Dash indicates < 0.5%; PUFA: poly- 
unsaturated fatty acids 

Constituent Free fatty Phospholipid Triacylglycerol Wax esters 
acid 

Acid Alcohol 

14:0 5.5 4.2 8.5 1.6 28.8 
16:0 25.8 22.5 33.7 5.6 52.0 
16:l(n -7 )  5.6 4.6 15.3 6.1 5.8 
16 PUFA - 3.5 1.5 - - 
Phytanate - - 2.3 - - 
18:0 3.7 2.6 2.8 1.5 - 
18:1(n -9 )  22.9 10.6 6.8 53.8 - 
18:1(n -7 )  15.0 10.0 12.2 22.5 - 
18:2(n -6 )  3.5 1.9 2.0 2.4 - 
18:3(n -3 )  - - 0.8 - - 
18:4(n -3 )  2.1 0.7 7.3 0.8 - 
20:1(n -9 )  - 5.3 0.9 - - 
20:5(n -3 )  15:1 20.6 4.8 4.7 - 
20 PUFA - 2.0 - - - 
22:1(n -11)  . . . . .  
22:6(n -3 )  - 9.2 - - - 
22 PUFA . . . . .  
Phytol . . . .  10.3 

T. raschi are qui te  d i f fe ren t  f r o m  those  o f  the  triacyl- 
glycerols,  being m u c h  more  similar in c o m p o s i t i o n  to  
those  o f  the phosphol ip ids .  Bo th  free fa t ty  acids and  

phospho l ip ids  con ta in  16:0,  1 8 : ( n  - 7 ) a n d  2 0 : 5 ( n - 3 )  
as ma jor  sa tura ted ,  m o n o u n s a t u r a t e d  and po lyun-  
sa tu ra ted  fa t ty  acids, respect ively .  B o t h  classes con ta in  
addi t ional ly  small amoun t s  o f  14:0,  16:1 and 18:0 

moie t ies .  
A wide range o f  f a t ty  acids is p resen t  in the  small 

a m o u n t s  o f  wax esters  p resen t  in Thysanoessa raschi, 

wi th  16:0 and  18:1 moie t i es  p redomina t ing .  The (n - 9 )  
and  (n - 7 )  i somers  p resen t  in the  lat ter  occur  in very 

similar amount s .  Small  amo u n t s  o f  20:1 and 22:1 fa t ty  
acids are also p resen t ,  wi th  the  fo rmer  p redomina t ing .  

The major  po lyunsa tu ra te  in T. raschi wax esters  is 20:  5 
(n - 3 ) ;  small a m o u n t s  o f  Ca8 po lyunsa tu ra t e s  including 

1 8 : 4 ( n  - 3 )  were d e t ec t ed  bu t  2 2 : 6 ( n  - 3 )  was not .  
A quite u n e x p e c t e d  f inding in Table 3 is t ha t  the wax  

esters  o f  Thysanoessa raschi conta in  p h y t o l  as essential ly 
the i r  only  fa t ty  alcohol.  P h y t o l  p resen t  in the  wax  esters 
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had the same retention time as authentic phytol when 
analysed by capillary gas-liquid chromatography on 
silar-5CP as both the acetate and Me3Si derivatives. 
Confirmation of phytol was obtained by combined 
capillary gas-liquid chromatography-mass spectrometry 
carried out through the courtesy of Dr. J. Volkman, 
Organic Geochemistry Unit, University of Bristol, 
England. 

The triacylglycerols of Thysanoessa inermis have 16:0 
followed by 14:0 and 18:0 as major saturated fatty acids 
(Table 4). The major monounsaturated fatty acid is 16:1, 
followed by 18:1 whose isomers (n -9) and (n -7) are 
present in a ratio of approximately 1:2. Only traces of 
20:1 and no 22:1 fatty acids were detected in the triacyl- 
glycerols of T. inerrnis, but small amounts of phytanic 
acid were present. The major polyunsaturated acid was 
18:4 (n -3);  lesser amounts of 20:5 (n -3) occurred, but 
22:6 (n -3)  was not detected: As is the case for T. rasehi 
the free fatty acids present in T. inermis are quite similar 
to those present in phospholipids. Both classes have 16:0 
and 18:1 in abundance, the (n -9) and (n -7) isomers 
of the latter being present in approximately equal 
amounts. 20:5(n -3) is the major polyunsaturated acid 
in both cases, although 22:6 (n -3) is  well represented in 
the phospholipids but not in the free fatty acids. A 
further difference is the presence of 20:1 in phospho- 
lipids but not in free fatty acids. Neither class contained 
significant amounts of 22:1. 

The wax esters of Thysanoessa inermis present a rela- 
tively simple picture (Table 4). The fatty acids are 
dominated by 18:1, with the (n -9) isomer present in 
twice the amount of the (n -7) isomer. Smaller amounts 
of 16:0 and 16:1 acids are also present. The acids are 
relatively deficient in polyunsaturates, with small 
amounts of 20:5 (n -3) and C18 moieties being present. 
The major alcohols present in T. inermis wax esters are 
16:0, followed by 14:0 and lesser amounts of 16:1. 
Approximately 10% of the total fatty alcohols are 
accounted for by phytol, identified by the same methods 
as for T. rasehi wax esters. 

Discussion 

Triacylglycerols but not wax esters were present in 
Meganyc~'phanes norvegica recovered from the stomachs 
of whales caught in the North Atlantic Ocean, and this 
held also for Thysanoessa inermis from the same source 
(Ackman et al., 1970). T. raschi caught in Saanich Inlet, 
British Columbia, Canada, contained triacylglycerols but 
not wax esters (Sargent and Lee, 1975). These earlier 
results could indicate that not all individuals of the 
species of T. raschi and T. inermis contain wax esters 
but rather that the presence of these lipids depends on 
the individual's exact location. Certainly the Thysanoessa 
species analysed in the present study were caught at 
relatively high latitudes. While the individuals analysed 
here were caught in mid-winter, it is known that T. raschi 
and T. inermis contain wax esters throughout the year 

although highest levels are found in both species, 
especially the former, in mid-winter (Falk-Petersen et 
al., 1981). In a parallel study of the seasonal lipid 
composition of krill in Balsfjorden (Falk-Petersen etal., 
1981), we have considered that the lipid class composi- 
tion of the three species is consistent with M. norvegica 
being mainly carnivorous whereas both Thysanoessa 
species are omnivorous, tending to consume phyto- 
plankton when these are available during spring-summer, 
but consuming smaller zooplankton when phytoplankton 
are absent from the water later in the year. We have also 
commented on the fact that the levels of wax esters 
accumulated by the two polar euphausiids, Euphausia 
crystallorophias (studied by Bottino, 1975) and T. 
inermis (examined by Falk-Petersen et aL, 1981; and 
the present results)are substantially less than those 
found by Lee (1974)to be accumulated by polar calanoid 
copepods such as Calanus hyperboreus. This may be 
correlated with the generally omnivorous and herbivorous 
feeding habits of euphausiids and calanoids, respectively. 

The above considerations may be amplified by consi- 
dering the detailed fatty acid and alcohol composition of 
the various krill species. As a preliminary, however, we 
may consider general aspects of our present understand- 
ing of fatty acids in the marine food chain (Ackman, 
1980; Sargent and Whittle, 1981). Phytoplankton are 
rich in 16:l(n -7) fatty acid that is formed by a A9 
desaturase operating on 16:0 from the carboxyl end of 
the molecule. OMc acid, 18:l(n -9), is a major fatty 
acid of most marine animal lipids, formed by a A9 
desaturase operating on 18:0. The 20: l(n -9) present in 
large quantities in calanoid copepods is probably formed 
by carboxyl chain elongation of 18:1(n -9), whereas the 
22: l(n -11) present in very large quantities in calanoids 
is probably formed by a A9 desaturase operating on 
20:0 to yield 20: l(n -11), which is immediately elon- 
gated to 22:1(n -11) (Pascal and Ackman, 1976). 
Should the desaturase in marine animals operate only 
with a A9 specificity, then the 18:1 (n - 7) acid 
frequently found in large quantities in marine animal oils 
(Ackman, 1980) can only derive from the elongation of 
16:l(n -7) that is likely to derive to a substantial extent 
ultimately from phytoplankton. That is, 16:1(n -7) and 
18 :l(n -7) in animal lipid will tend to reflect a phyto- 
planktonic dietary input, whereas 18:l(n -9), 20:1 
(n -9) and 22:1(n -11) will reflect an animal dietary 
input. The latter two fatty acids are together present in 
very large amounts in calanoid copepods (as fatty 
alcohols), although they have also been found in Arctic 
amphipods and decapods (Lee, 1975). 22:1 fatty acid is 
not present in significant amounts in phytoplanktonic 
material. C16, C~8, C20 and C22 polyunsaturated fatty 
acids are all well represented in phytoplankton, although 
marine animals tend to deposit C20 and C22 polyunsatu- 
rates in their phospholipids, presumably removing C16 
and C18 polyunsaturates either through chain elongation 
to higher derivatives or through catabolism (reviewed by 
Sargent and Whittle, :1981). That is, the shorter chain 
C16 and C~8 polyunsaturates tend to be more charac- 
teristic of phytoplankton. Finally, it is to be emphasised 
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that these are guiding principles only, that can not be 
regarded as definite rules of general application. 

On the basis of the foregoing considerations, it can be 
concluded that Meganyctiphanes norvegica in the present 
study is a carnivore consuming large amounts of wax 
ester-rich calanoid copepods. Thus, its major lipid, 
triacylglycerols, is relatively deficient in 16:l(n -7),  
and 18:l(n -7)  is a minor fraction of total 18:1, both 
of which indicate a relatively small input of phyto- 
planktonic lipid. 20:1 and 22:1 fatty acids in the ratio 
2:1 are prominent in its triacyglycerols, consistent with 
a large dietary input of 20:1 and 22:1 fatty alcohols 
from calanoid copepod wax esters. It is notable that the 
ratio of 20:1/22:1 fatty alcohols in calanoid wax esters 
is commonly less than unity, whereas the corresponding 
ratio in the 20:1 and 22:1 fatty acids found in large 
quantities in zooplanktonivorous fish, e.g. capelin, is 
commonly greater than unity, indicating selective catab- 
olism of 22:1 with respect to 20:1 (Jangaard, 1974). 
The lipids in M. norvegica are generally deficient in C16 
and C18 polyunsaturated fatty acids, but the phospho- 
lipids have 22:6 (n -3)  as their major polyunsaturate. 
These results are consistent in the main with an input of 
animal rather than phytoplanktonic polyunsaturates into 
M. norvegica. Finally, the composition of the traces of 
wax esters present in M. norvegica is very characteristic 
of calanoid wax esters, particularly in terms of the fatty 
alcohol composition. It is probable that such wax esters 
are present in those stomach contents of the euphausiid 
stemming directly from dietary calanoids. We conclude 
that a calanoid copepod rich in wax esters, probably 
Calanus finmarchicus, is a major item in the diet of M. 
norvegica in Balsfjorden. 

With respect to Thysanoessa raschi we note initially 
that 20:1 and 22:1 fatty acids are minor components 
of its lipids (Table 3). Wax ester-rich calanoids such as 
Calanus finmarchicus cannot be major components of its 
diet, although non wax-ester containing calanoids are 
not excluded. T. raschi has substantial amounts of 16:1 
in its triacylglycerols, and 18:l(n -7)  accounts for 
about one half of the total 18:1. This can be interpreted 
as being consistent with a very significant dietary input 
of phytoplankton. FinaUy, the major polyunsaturated 
fatty acid in T. raschi is 20:5 (n -3),  with 22:6(n -3)  
being present in much smaller amounts. This is consis- 
tent with T. raschi being closer trophically to phyto- 
plankton than is Meganyctiphanes norvegica. 

The relatively small quantities of wax esters present 
in Thysanoessa raschi contain essentially only phytol as 
fatty alcohol. The latter is a true phytoplanktonic 
marker, that can only be derived from chlorophyll, 
phaeophytin or some other phytoplanktonic material 
such as the phytyl esters present in the eye spot of a 
dinoflagellate (Withers and Nevenzel, 1977). Parallel 
analyses have shown that the wax esters in T. raschi 
are maximal during mid-winter when living phyto- 
plankton is essentially absent from Balsfjorden (Falk- 
Petersen et al., 1981). A dietary input of phytol could 
stem from detrital feeding on bottom sediments, or the 
relatively abundant non-living particulate material sus- 

pended in the water column during mid-winter (Falk- 
Petersen et al., 1981). 

Considerations of fatty acid and fatty alcohol 
composition in Thysanoessa inermis (Table 4) suggest 
that its diet is even more phytoplanktonic than that of 
T. raschi. Thus 16:1 is present in substantially greater 
amounts and the ratio 18:1 (n -7)/18:1 (n -9 ) i s  higher 
in T. inermis than in T. raschi. Minor and major amounts 
of 22:6(n -3)  and 20:5 (n -3) ,  respectively, occur in T. 
inermis, with 18:4(n -3)  being the major polyunsatu- 
rated fatty acid in its triacylglycerols. Previous analyses of 
Calanus finmarchicus from Norwegian fjords have shown 
that 18:4 (n -3)  is a maj or component of the fatty acids 
of its wax esters (Volkman et al., 1980). It is probable 
that 18:4 (n -3)  derives directly from the phytoplankton. 
Major phytoplankters in Balsfjorden include Phaeocystis 
pouchetti, diatoms and dinoflagellates (Ellertsen, 1979). 
Preliminary analyses have established that a P. pouchetti- 
rich sample of mixed phytoplankton from Balsfjorden 
contains 21% of its total fatty acids as 18:4(n -3)  
(Sargent, unpublished data). 

Phytol accounts for only 10% of the total fatty 
alcohols of the wax esters of Thysanoessa inermis, 
although this species has both a higher proportion of its 
total lipid as wax esters and a higher lipid content than 
T. raschi. Nonetheless, the absolute levels of phytol per 
individual T. raschi are approximately twice that per 
individual T. inermis, indicating that the detrital feeding 
habit discussed earlier is less well developed in T. inerrnis. 

The results of the present fatty acid and fatty alcohol 
analyses of the krill in Balsfjorden are, therefore, con- 
sistent with the conclusion that Meganyetiphanes 
norvegica is mainly carnivorous, consuming wax ester- 
rich copepods, whereas Thysanoessa raschi - and espec- 
ially T. inermis- are mainlyherbivorous. This conclusion 
supports the contention that it is the high-latitude herbi- 
vores that accumulate the highest levels of wax esters. 

It is interesting fmally to compare all euphausiid 
species so far analysed in both northern and southern 
hemispheres. Both the present results and those of 
Ackman et al. (1970) indicate that MeganyctT"phanes 
norvegica in the northern hemisphere consumes large 
quantities of wax ester-rich calanoids; this holds for 
none of the other euphausiids so far examined. Triacyl- 
glycerols have not yet been analysed in detail in the 
Antarctic Euphausia crystallorophias, although both wax 
ester content and the composition of the wax esters of 
this species are very similar to those of Thysanoessa 
inerrnis in the present study (Bottino, 1975). E. crystal- 
lorophias has 14:0 followed by 16:0 as its major fatty 
alcohols (Bottino, 1975), whereas the reverse is true for 
T. inermis (Table 4). The wax esters of E. crystalloro- 
phias do not contain phytol (Bottino, 1975), but it is 
still reasonable to conclude that this species like T. 
inermis has marked herbivorous tendencies. Certainly, 
the lipids of E. crystallorophias, like those of both 
T. inermis and E. superba, do not contain significant 
amounts of 20:1 and 22:1 acids (Bottino, 1975 ; Clarke, 
1980). E. superba has only traces of wax esters, and the 
composition of its major lipid, triacylglycerols (described 
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by Clarke, 1980) is not  too dissimilar from that of  T. 
raschi. On these bases, E. superba may be categorised 
mainly as a herbivore. It is perhaps remarkable that the 
present biochemical classification based on lipid analyses 
should group E. superba with T. raschi and E. crystal- 
lorophias with T. inermis, leaving M. norvegica in isola- 
tion. The placing o f  other euphausiids in such a 
classification is awaited with interest. 
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