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ABSTRACT. The fatty acid compositions of total neutral lipids and total polar lipids from eight species of 
freshwater insects were determined: stonefly nymphs (Plecoptera), beetle larvae (Coleoptera), Chironomidae 
(Diptera), water boatmen (Corixidae and Notonecta; Heteroptera) and mayfly nymphs (Ecdyonurus venosus, 
Caenis, Ephemerella; Ephemeroptera). In addition, the compositions of individual phosphoglycerides were deter- 
mined for four of the species (Plecoptera, Corixidae, Ecdyonurus venosus and Emphemerella). Saturated and 
monounsaturated fatty acids together represented up to 85% of the fatty acids of total neutral lipids with 16:0 
(18-31%) being the most abundant saturated fatty acid and 16:ln-7 (10-28%), 18:ln-9 (6-12%) and 18: ln- 
7 (3-12%) the most abundant monounsaturates. Polyunsaturated fatty acids (PUFA) accounted for between 
16% and 33% of the total fatty acids of neutral lipids, with 20:5n-3 (4-12%), 18:3n-3 (3-30%) and 18:2n-6 
(1-8%) all being major components. Arachidonic acid, 20:4n-6 (0.4-1.0%) and 22:6n-3 were, respectively, 
minor and insignificant components of total neutral lipids. PUFA were major fatty acids (34-56% of the total) 
in total polar lipids and in phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine and phosphati- 
dylinositol. The major PUFA present were 20:5n-3 (14-27%) and 18:3n-3 (6-23%). The most abundant n- 
6 PUFA, especially in phosphoglycerides from Corixidae, was 18:2n-6 (3-11%). Arachidonic acid, 20:4n-6, 
was present in all phosphoglycerides accounting for 1-4% of the total fatty acids, except in the phosphatidylinosi- 
tol of Corixidae where it accounted for 12% of the total. 22:6(n-3) was not present in significant amounts in 
any phosphoglyceride in any species. 18:ln-9 (8-20%) and 18:ln-7 (2-14%) were the most abundant monoun- 
saturated fatty acids, especially in phosphatidylethanolamine. 16:0 was abundant in phosphatidylcholine (11- 
21%), and 18:0 (17-23%) was abundant in phosphatidylserine. The results are discussed in relation to the 
functions and origins of PUFA in freshwater insects. COMP BIOCHEM PHYSIOL 114B, 161-170, 1996. 

KEY WORDS. Freshwater, insects, lipids, phospholipids, polyunsaturated fatty acids 

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

We have previously reported that  the major polyunsatu- 
rated fatty acids (PUFA)in  total lipids from a range of fresh- 
water insects are 20:5n-3, 18:3n-3, 18:2n-6 and 20:4n-6 
and commented  on the implications of the findings for the 
requirements of freshwater fish for both  n-6 and n-3 PUFA 
series and the extent  to which freshwater fish naturally con- 
vert Cl8 PUFA to C20 and C22 PUFA (2). The  study was 
prompted by the relative lack of information on the origins 
and transformations of PUFA in freshwater ecosystems as 
compared with marine ecosystems (22). However, the n-3 
PUFA profiles of insects are of interest not  only because of 
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their nutritional value to insectivores including fish but 
also because of how these profiles have evolved in relation 
to the fundamental  roles of PUFA in insect cell mem- 
branes. 

There is evidence that the fatty acid profiles of insects 
are taxonomically related (28) and are dependent  on diet 
(12,13). It is also known that  some insect species can con- 
vert  C18 PUFA to their C20 products (14,25) and that  the 
elongation and desaturation pathways involved are not dif- 
ferent from those occurring in mammals ( 10,25). However, 
the de novo synthesis of linoleic and linolenic acid from 
oleic acid has also been reported (4) in some insects, im- 
plying a potential  release from a nutritional dependence on 
dietary PUFA. The  fatty acid compositions of terrestrial in- 
sects have been determined to elucidate functional feeding 
groups in ecological investigations (7,8,15), and fatty acids 
also play a significant role in the various life stages of insects 
(1,6). 

In the present study, we determined the fatty acid compo- 
sitions of total neutral lipids, total polar lipids and individ- 
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TABLE la. Neutral lipid fatty acid composition (weight %) of freshwater insects* 

Fatty acid Plecoptera Coleoptera Chironomidae Corixidae 

14:0 2.5 ± 0.5 2.7 -+ 0.6 2.7 ± 0.6 1.4 + 0.4 
16:0 21.3 -+ 3.3 23.0 +- 6.5 22.1 -+ 4.9 21.6 + 1.8 
18:0 3.7 -+ 1.2 8.8 ± 0.9 6.1 ± 1.7 3.8 ± 0.6 
Total saturatest 29.9 ± 4.1 39.6 ± 6.5 32.6 _+ 7.5 30.3 ± 0.8 
16:1n-7 18.7 ± 1.5 13.2 ± 3.9 24.5 +- 4.8 9.7 ± 0.9 
18:1n-9 14.0 + 0.6 12.0 _+ 0.2 10.0 ± 4.5 8.3 ± 1.2 
18:1n-7 9.8 -+ 1.6 9.4 + 1.1 7.4 ± 0.6 3.4 ± 1.2 
24:1 0.4 ± 0.7 - -  0.6 + 0.6 tr 
Total monoenes$ 43.7 ± 3.1 35.3 ± 2.5 42.9 -+ 1.6 21.9 ± 1.5 
18:2n-6 3.6 ± 0.5 8.2 ± 3.9 4.9 ± 2.0 7.4 + 0.2 
18:3n-6 tr tr tr 0.7 ± 0.6 
20:4n-6 0.8 -+ 0.2 0.8 ± 0.6 0.8 ± 0.5 1.0 ± 0.4 
Total n-6§ 4.7 ± 0.4 9.7 ± 4.1 6.2 ± 2.4 9.4 + 1.1 
18:3n-3 6.2 ± 1.6 9.7 -+ 1.6 4.4 -+ 2.2 29.7 __ 5.3 
18:4n-3 0.9 ± 0.6 0.7 ± 0.6 0.5 ± 0.4 2.2 ± 0.8 
20:5n-3 10.5 ± 4.2 5.9 ± 1.6 7.5 ± 5.4 3.9 ± 2.2 
22:5n-3 - -  0.5 ± 0.8 0.2 ± 0.4 - -  
22:6n-3 tr tr tr tr 
Total n-31] 18.0 ± 6.3 17.0 ± 1.5 13.1 ± 8.2 36.3 + 2.1 
Total PUFA~ 26.3 ± 7.1 31.4 ± 6.4 23.5 ± 10.1 47.2 ± 0.4 
n-3/n-6 3.8 ± 1.3 1.9 ± 0.8 2.0 ± 1.1 3.9 ± 0.7 
C20 PUFA 11.5 + 4.4 7.4 -+ 2.4 8.7 ± 6.0 5.3 ± 2.7 
C~8 PUFA 11.2 ± 1.7 19.4 -+ 5.0 10.7 ± 3.8 40.5 ± 4.3 
C20/C18 PUFA 1.0 ± 0.3 0.4 ± 0.2 0.8 ± 0.5 0.1 ± 0.1 

*Values are percent by weight -+ SD from three samples of freshwater insects. 
tlncludes 15:0, 17:0 and 20:0. 
$Includes 20:1n-9, 20:1n-7 and 22:1n-9. 
§Includes 20:2n-6, 20:3n-6 and 22:5n-6. 
IIIncludes 20:4n-3. 
qIlncludes 16:2, 16:3, 16:4 and 18:2n-9. 
tr = value < 0.05%. 

ual phosphoglycerides of several species of freshwater in- 
sects. Our aims were to illuminate the dietary origins of 
PUFA and their cell membrane functions in freshwater in- 
sects. 

MATERIALS AND METHODS 
Experimental Animals 

The insects analysed were netted in the river Allan and its 
tributaries (Stirlingshire, Scotland) and in Airthrey Loch 
(Stirlingshire, Scotland) in August 1993, identified and 
pooled to provide three samples where possible, according 
to genera and species: stonefly nymphs (Plecoptera), beetle 
larvae (Coleoptera), Chironomidae (Diptera), water boat- 
men (Corixidae and Notonecta;  Heteroptera), mayfly 
nymphs ( Ecdyonurus venosus, Caenis, Ephemerella; Ephemer- 
optera). Samples were stored at - 8 0 ° C  for less than 3 
months before analysis. 

Lipid Extraction and Analysis 

The insects were homogenised in 10 volumes of chloro- 
form-methanol  (2:1, v/v) using a Polytron tissue disrupter 

and total lipid extracted by the method of Folch et al. ( 11 ). 
Polar lipids were separated from neutral lipids by loading 1 
mg of total lipid on to a 3-cm origin of a 20 × 20 cm thin 
layer chromatography (TLC) plate and developing with 
hexane-diethyl  ether-acet ic  acid (80:20:2, v/v/v).  The ar- 
eas of silica corresponding to polar and neutral lipids were 
identified by spraying the lateral edges of the plate with 1% 
iodine in chloroform and scraped from the plate. The recov- 
ered silica was eluted into a glass tube through a prewashed 
filter paper with 5 ml of chloroform-methanol  (2:1, v/v). 
The solvent was evaporated under nitrogen and the samples 
transmethylated overnight in 2 ml of 2% sulfuric acid in 
methanol (plus 1 ml toluene for neutral lipid samples) at 
50°C. The methyl esters were extracted twice in 5 ml hex- 
ane-diethyl  ether (1:1, v/v) after neutralization with 2 ml 
of 6% KHCO3. The combined organic phases were dried 
under nitrogen. The methyl esters were redissolved in 0.5 
ml chloroform-methanol  (2:1, v/v) and purified by TLC 
(hexane-diethyl  ether-acet ic  acid, 90:10:1, v /v/v)  before 
separation and quantification by gas-liquid chromatogra- 
phy (Carlo Erba Vega 6000, Fisons Ltd, Crawley, U.K.) us- 
ing a 30 m × 0.32 mm capillary column (Omegawax, Su- 
pelco Ltd., Saffron Walden, Essex, U.K.). Hydrogen was 
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TABLE lb. Neutral lipid fatty acid composition (weight %) of freshwater insects* 

Fatty acid Notonecta Ecdyonm'us v. Caenis Ephemerella 

14:0 2.9 -+ 0.7 3.4 -+ 0.3 3.9 -+ 0.6 4.5 -+ 0.3 
16:0 18.3 + 4.0 30.5 -+ 2.3 29.2 -+ 2.8 27.5 + 6.2 
18:0 6.6 -+ 0.7 2.7 + 0.8 2.1 -+ 0.4 2.3 -+ 0.5 
Total saturatest 29.8 -+ 5.3 37.4 -+ 2.5 36.5 _+ 3.8 36.1 - 5.5 
16:1n-7 17.3 _+ 1.3 27.6 -+ 2.7 27.3 -+ 3.8 24.8 + 2.1 
18:1n-9 12.3 + 3.3 7.8 -+ 3.5 6.4 -+ 0.0 6.9 + 1.7 
18:1n-7 6.9 + 1.1 11.2 _+ 1.5 11.6 _+ 0.6 7.6 -+ 0.6 
24:1 - -  0.1 _+ 0.1 tr tr 
Total monoenes$ 37.1 + 3.1 46.7 -+ 2.4 45.4 -+ 4.6 39.4 -+ 1.3 
18:2n-6 6.0 _+ 0.6 1.3 _+ 0.1 1.5 _+ 0.0 1.8 + 0.6 
18:3n-6 tr 0.1 _+ 0.0 0.4 -+ 0.1 0.4 -+ 0.1 
20:4n-6 0.6 + 0.1 0.4 -+ 0.1 0.5 + 0.0 0.7 -+ 0.4 
Total n-6§ 7.0 -+ 0.7 1.8 + 0.1 2.5 _+ 0.1 2.9 _+ 1.0 
18:3n-3 11.3 -+ 1.2 2.6 _+ 0.0 2.6 _+ 0.1 3.9 _+ 1.5 
18:4n-3 1.0 _+ 0.5 0.8 + 0.3 1.1 _+ 0.2 1.9 -+ 0.6 
20:5n-3 9.9 +_ 5.1 6.3 _+ 0.4 8.5 _+ 0.7 11.6 _+ 2.3 
22:5n-3 tr tr tr tr 
22:6n-3 tr 0.1 _+ 0.2 tr tr 
Total n-311 22.6 + 6.2 10.1 -+_ 0.0 12.2 _+ 0.8 17.6 -+ 4.4 
Total PUFAq 32.8 _+ 6.5 15.5 _+ 0.3 17.7 -+ 0.5 24.0 -+ 6.2 
n-3/n-6 3.2 -+ 0.7 5.5 _+ 0.4 4.9 -+ 0.5 6.3 -+ 0.9 
C,~0 PUFA 10.9 _+ 5.2 6.9 2 0.6 9.2 _+ 0.5 12.5 _+ 2.7 
Cjs PUFA 18.5 -+ 1.9 4.9 -+ 0.3 5.5 _+ 0.1 8.0 ± 2.7 
C20/C~s PUFA 0.6 + 0.2 1.4 -+ 0.2 1.7 -+ 0.1 1.6 -+ 0.3 

Foomotes as described in Table la except values for Ecdyonurus v. and Caenis are mean Jr SD of two determinations. 

used as a carrier gas and temperature programming was from 
50 to 150°C at 35°C/min  and then to 225°C at 2.5°C/min.  
Individal  methyl  esters were identified by comparison with 
known standards. 

Individual phosphoglycerides were also isolated from the 
most abundent  specimens (Plecoptera,  Corixidae,  Ecdyo-  

nurus venosus and Ephemerella)  by loading 2 mg of total  
lipid on to a 2-cm origin of a 20 x 20-cm TLC plate and 
eluting with methyl  a ce t a t e - i sop ropano l - ch lo ro fo rm-  
me thano l -0 .25% KC1 (25:25:25:10:9,  v /v /v /v /v ) .  Indi- 
vidual phospholipids were identified by spraying the lateral 
edges of the plate with 1% iodine in chloroform, recovered 
from silica and t ransmethylated as described previously 
(2). 

Materials 

TLC plates, coated with silica gel 60, were obtained from 
Merck (Darmstadt,  Germany) .  Al l  solvents were of high- 
performance liquid chromatography grade and obtained 
from Ra thbum Chemicals  (Walkerbum,  Peebleshire, Scot- 
land). 

RESULTS 
Fatty Acid Compositions of Neutral Lipids 

The fatty acid composit ions of total  neutral  lipids are shown 
in Tables l a  and lb.  W i t h  the except ion of Corixidae,  the 

abundance of fatty acids in neutral  lipids was monounsatur-  
ated (35-47%)  > saturated (30-40%)  > PUFA (16-33%).  
Corixidae were atypical in having elevated PUFA (47%) 
and depressed monounsaturates (22%). Palmitic acid, 16:0, 
was the most abundant  saturated fatty acid with 14:0 and 
18:0 being present in much lower amounts. The  abundance 
of the monounsaturated fatty acids was generally 16:1n-7 
> 18:1n-9 > 18:1n-7. The  major PUFA were 20:5n-3 and 
18:3n-3, with 22:6n-3 being present in negligible or unde- 
tectable amounts. 20:5n-3 was the major PUFA in Plecop- 
tera, Chi ronomidae  and the Ephemeroptera,  whereas 18:3n- 
3 was particularly abundant  in Corixidae.  Linoleic acid, 
18:2n-6, was the principal n-6 PUFA present and lower, but 
significant amounts of 20:4n-6, were present in all cases. The  
n-3/n-6  ratio always exceeded unity and was highest in Ephe- 
meroptera. 

Fatty Acid Compositions of Total Polar Lipids 

The  fatty acid compositions of total  polar lipids are pre- 
sented in Tables 2a and 2b. Al l  the freshwater insects ana- 
lysed showed a very similar pattern, the abundance of the 
fatty acids being PUFA (34-56%)  > monounsaturates (17 -  
37%) > saturates (20-25%) .  Corixidae were again atypical 
in having the highest level of PUFA (56%), due to their 
high level of 18:3n-3 (23%), and the lowest level of mono- 
unsaturates (17%). n-3 PUFA were always more abundant  
than n-6 PUFA with the n-3/n-6  PUFA ratio varying from 
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TABLE 2a. Polar lipid fatty acid compositions (weight %) of freshwater insects* 

Fatty acid Plecoptera Coleoptera Chironomidae Corixidae 

14:0 tr 0.7 -+ 0.5 1.2 + 0.9 tr 
16:0 10.6 + 0.4 11.1 _+ 0.3 14.7 + 2.0 11.0 + 0.8 
18:0 7.7 -+ 1.2 10.1 _+ 6.5 8.1 _+ 1.7 12.4 + 1.0 
Total saturatest 19.6 -+ 1.5 24.1 - 6.7 24.9 +- 5.5 25.2 + 1.0 
16:1n-7 6.1 +- 1.3 5.3 + 2.5 14.9 +- 11.8 2.4 + 1.1 
18:1n-9 19.6 _+ 1.0 10.4 -+ 5.4 11.0 _+ 1.9 11.7 + 1.0 
18:1n-7 8.7 + 0.3 6.1 -+ 2.6 10.2 +- 2.7 2.4 + 0.6 
24:1 tr 2.8 _+ 4.3 1.2 -+ 1.1 0.5 + 0.8 
Total monoenes$ 34.8 +_ 1.5 24.8 _+ 3.0 37.4 -+ 13.8 17.4 + 1.2 
18:2n-6 6.0 _+ 0.6 5.6 _+ 4.0 8.0 -+ 1.5 11.0 + 0.4 
18:3n-6 tr tr tr 0.7 +. 0.1 
20:4n-6 2.9 + 0.2 1.6 +- 1.1 1.8 -+ 1.2 3.0 +, 0.7 
Total n-6§ 9.4 +- 0.9 7.6 -+ 4.6 10.1 _+ 2.8 15.3 +, 0.8 
18:3n-3 9.1 _+ 0.3 10.1 +, 8.1 5.5 + 2.3 22.7 +, 3.0 
18:4n-3 0.8 + 0.2 0.7 +- 0.3 0.5 -+ 0.2 1.7 + 0.1 
20:4n-3 tr 0.4 +- 0.5 0.9 -+ 1.5 0.6 +, 0.0 
20:5n-3 22.3 _+ 1.5 15.0 +. 10.8 14.1 -+ 9.2 14.1 +, 1.0 
22:5n-3 0.6 +. 1.0 - -  - -  tr 
22:6n-3 tr - -  - -  tr 
Total n-3 33.1 _+ 0.9 26.1 _+ 18.1 21.0 -+ 12.6 39.4 + 2.2 
Total PUFAII 44.0 -+ 0.5 36.0 _+ 20.8 34.4 + 17.0 56.0 +, 0.5 
n-3/n-6 3.5 _+ 0.4 3.4 -+ 0.8 1.9 -+ 0.9 2.6 +, 0.3 
C20 PUFA 25.5 _+ 1.2 17.4 -+ 10.7 16.9 +- 11.6 18.2 +, 1.7 
C~e PUFA 16.1 + 0.2 17.5 _+ 10.9 15.4 -+ 4.8 36.7 +, 2.6 
C20/C18 PUFA 1.6 + 0.1 1.0 +, 0.1 1.0 +, 0.5 0.5 +, 0.1 

*Values are percent by weight -+ SD from three samples of freshwater insects. 
tlncludes 15:0, 17:0 and 20:0. 
$Includes 20:1n-9, 20:1n-7 and 22:1n-9. 
§Includes 20:2n-6, 20:3n-6 and 22:5n-6. 
Illncludes 16:2, 16:3, 16:4 and 18:2n-9. 
tr = value < 0.05%. 

1.9 to 6.8. Palmitic acid, 16:0, was again the most abundant  
saturated fatty acid except for the two water boatmen gen- 
era (Corixidae and Notonec ta)  that  contained comparable 
amounts of 16:0 and 18:0. Stearic acid, 18:0, was the sec- 
ond most abundant  saturated fatty acid in all the other  
specimens examined.  The  monoenes were mostly 
18 : ln -9  and 18: ln-7,  the lat ter  being dominant  only in E. 
venosus and Ephemerella.  Palmitoleic acid, 16:1n-7, was 
particularly high and variable in the Chironomidae.  Linole- 
nic acid (18:3n-3) and 20:5n-3 accounted for the majority 
of the PUFA with 20:5n-3 the major P U F A  in all species 
except Corixidae in which 18:3n-3 accounted for 22.7% of 
the total  fatty acids. Linoleic acid, 18:2n-6, was the most 
abundant  n-6 PUFA followed by 20:4n-6. Docosahexa- 
enoic acid, 22:6n-3, was not  detectable in other  than  traces 
in any of the species analysed. 

The  C20/C18 P U F A  ratio was calculated to evaluate the 
ability of the freshwater insects ei ther to accumulate C20 
PUFA from their  diets or to form C20 PUFA from ClS P U F A  
precursors. The  Cz0/C18 P U F A  ratio was always greater than 
unity, except in Corixidae where high levels of 18:3n-3 
were present. For all species analysed, the C20/Ci8 ratio 

was higher in polar lipids (Tables 2a & 2b) than  in neutral  
lipids (Tables l a  & lb) .  

Fatty Ac/d Compositions of Phosphoglycer ides  

The fatty acid composit ions of phosphat idylchol ine (PC),  
phosphat idyle thanolamine (PE), phosphatidylserine (PS) 
and phosphat idyl inosi tol  (PI) in Plecoptera, Corixidae,  E. 
venosus and Ephemerella are recorded in Tables 3 -6 .  

In Ephemeroptera,  PUFA were the most abundant  fatty 
acids in PC, with n-3 PUFA always more abundant  than 
n-6 P U F A  and principally represented by 20:5n-3 and 18: 
3n-3, with 22:6n-3 being present only in trace amounts. 
In PC from Plecoptera, monoenoic  fatty acids were more 
abundant  than PUFA.  Linoleic acid, 18:2n-6, was consis- 
tently the most abundant  n-6 fatty acid in PC, PE, and PI 
of both  Ephemeroptera and Plecoptera, with the exception 
that  20:4n-6 was most abundant  in PS. In PE, monoenoic  
fatty acids were the most abundant  fatty acids in Plecoptera 
and Ephemeroptera,  al though the principal  PUFA were 
similar to PC. In PS, total  amounts of PUFA and mono- 
enoic fatty acids were similar in Ephemerella but PUFA were 
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TABLE 2b. Polar lipid fatty acid compositions (weight %) of freshwater insects* 

Fatty acid Notonecta Ecdyonurus v. Caenis Ephemerella 

14:0 0.8 -+ 0.6 0.6 -+ 0.2 0.4 + 0.1 0.5 -+ 0.2 
16:0 12.3 -+ 2.7 12.4 + 2.3 11.9 + 1.1 12.9 + 0.4 
18:0 10.4 -+ 0.8 7.0 + 1.2 7.2 + 0.3 7.4 -+ 0.8 
Total saturatest 25.1 _+ 2.5 20.9 -+ 3.5 20.5 + 1.6 21.4 ± 1.1 
16:1n-7 5.6 ± 1.4 10.1 -+ 1.4 10.2 + 1.7 5.6 _+ 0.6 
18:1n-9 15.5 + 1.5 7.8 -+ 1.1 13.5 + 4.7 11.0 _+ 1.2 
18:1n-7 7.4 -+ 1.1 14.1 -+ 1.5 10.6 _ 4.6 13.9 _+ 1.8 
24:1 0.6 _+ 0.8 0.6 -+ 0.6 0.5 _+ 0.7 0.1 _+ 0.1 
Total monoenest 31.2 _+ 2.6 32.7 -+ 2.6 34.8 -+ 1.2 30.7 _+ 3.0 
18:2n-6 6.3 + 1.1 3.7 + 0.3 3.3 + 0.0 4.3 -+ 0.5 
18:3n-6 tr 0.2 + 0.0 0.6 + 0.1 0.5 -+ 0.1 
20:4n-6 1.5 + 0.6 1.7 + 0.3 1.4 + 0.2 1.9 ± 0.6 
Total n-6§ 8.2 ± 1.6 5.8 _+ 0.8 5.3 _+ 0.2 7.0 + 1.1 
18:3n-3 8.4 -+ 1.7 10.0 -+ 1.3 6.9 _+ 0.2 10.4 -+ 1.8 
18:4n-3 1.0 ± 0.8 1.6 ± 0.3 1.7 -+ 0.1 2.4 + 0.3 
20:4n-3 0.5 ± 0.7 0.2 -+ 0.0 0.2 ± 0.0 0.1 + 0.0 
20:5n-3 21.6 _+ 2.5 25.3 -+ 3.6 27.1 _+ 0.1 25.8 _+ 1.1 
22:5n-3 tr 0.1 ± 0.1 tr 0.1 _+ 0.1 
22:6n-3 tr tr 0.2 _+ 0.1 0.1 + 0.1 
Total n-311 31.8 _+ 2.0 37.2 -+ 5.2 36.2 -+ 0.0 38.8 -+ 0.8 
Total PUFAqf 41.9 -+ 4.3 44.7 -+ 6.2 43.1 _+ 1.5 46.9 -+ 2.2 
n-3/n-6 3.9 _+ 0.6 6.4 -+ 0.1 6.8 + 0.2 5.7 -+ 0.9 
C20 PUFA 23.9 _+ 2.0 27.3 + 4.0 28.7 _+ 0.3 28.0 ± 0.5 
C18 PUFA 16.8 _+ 2.3 16.1 ± 2.2 13.1 _+ 0.8 18.0 _+ 2.4 
Ce0/C~8 PUFA 1.4 ± 0.2 1.7 - 0.2 2.2 _+ 0.1 1.6 -+ 0.2 

Footnotes as described in Table 2a except that values for Caenis were mean - SD of two determinations. 

more abundant  in Plecoptera and E. venosus. Conversely 
in PI, total  amounts of P U F A  and monoenoic  fatty acids 
were similar in E. venosus, but PUFA were the most 
abundant  fatty acids in Plecoptera and Ephemerella. 
Linoleic acid, 18:2n-6, and 20:4n-6 were equally repre- 
sented in the PS of all the species and also in the PI of E. 
venosus . 

The  phosphoglycerides of Corixidae conta ined high lev- 
els of PUFA,  up to 68.7% in PC, mainly due to high levels, 
up to 30%, of 18:3n-3. Monounsaturated fatty acids were 
always present in lower percentages in this group, and in 
PE, saturated fatty acids were more abundant  compared with 
all the other  species examined.  Linoleic acid, 18:2n-6, was 
also present in higher  levels in all the phosphohglycerides 
of Corixidae than  in any other  species. 6r-Linolenic acid, 
18:3n-3, was the most abundant  n-3 P U F A  in PC and PE 
of Corixidae,  and in the PS and PI 18:3n-3 was present in 
levels comparable with 20:5n-3. 

Palmitic acid, 16:0, was the most abundant  saturate in 
PC. Al though 18:0 was dominant  in PS, 16:0 and 18:0 were 
present in comparable amounts in PE and PI. Monounsatu-  
rates were highest in PE (up to 40.4%). In Plecoptera, PC, 
PE, and PS had a high conten t  of 18:1n-9, whereas, in 
Ephemeroptera,  16 : ln -7  and 18: ln-7  accounted for the ma- 
jority of the monounsaturates in PC and PI, whereas 18: 
ln -7  was also abundant  in PE and PS. 

The  C20/C18 PUFA ratios in the individual phosphglycer- 
ides from the four species are consistently higher in PS and 
PI than  in PC and PE. 

DISCUSSION 

The  present study establishes that  the abundance of C20 
PUFAs in the total  lipids of the eight insect species analysed 
in our previous study (2) is due to the preponderance of 
these fatty acids in polar rather than neutral  lipids. This is 
clearly shown in the C20/Cls PUFA ratios of polar and neu- 
tral lipids and is in accord with the high content  of C20 
PUFA reported in other  aquatic insects (13). C20 PUFA are 
common in some specialised tissues from terrestrial insects, 
including the ret ina of the butterfly Deilephila elpenor (32) 
and spermatophores of the cricket Teogryllus co±modus 
(27), al though they were not  detected (17) or present only 
in small amounts (23) in phospholipids from the whole in- 
sect bodies. It is probable that  C20 PUFA are ubiquitous in 
insects even if they are concentra ted in specialised tissues 
in the terrestrial species studied earlier. 

One reason for the presumed ubiquity of C20 PUFA in 
insects is their  role as precursors of eicosanoids. The  three 
C20 PUFA,  20:3n-6, 20:4n-6 and 20:5n-3, are all eicosanoid 
precursors in vertebrates. Of  these, 20:4n-6 is the major ei- 
cosanoid precursor in mammals and many invertebrates. 
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TABLE 3. PC fatty acid compositions (weight %) of freshwater insects* 

Fatty acid Plecoptera Ephemerella Ecdyoam'us v. Corixidae 

14:0 2.5 + 0.5 0.6 +- 0.2 0.7 -+ 0.1 tr 
16:0 21.3 _+ 3.3 15.5 +- 2.1 14.3 +- 1.2 11.3 + 0.5 
18:0 3.7 _+ 1.2 4.9 -+ 0.5 5.8 - 0.7 4.6 -+ 0.3 
Total saturatest 29.9 + 4.1 21.6 _+ 2.4 21.4 + 2.1 17.3 + 0.9 
16:1n-7 18.7 _+ 1.5 7.7 -+ 0.7 11.5 _+ 0.1 3.5 +_ 0.7 
18:1n-9 14.0 _+ 0.6 5.8 -+ 1.2 4.3 -+ 1.0 8.0 -+ 0.4 
18:1n-7 9.8 + 1.6 8.9 -+ 1.7 10.4 +- 1.4 2.0 _+ 0.6 
24:1 0.4 -+ 0.7 - -  tr tr 
Total monoenes$ 43.7 -+ 3.1 22.6 -+ 2.9 26.6 _+ 2.0 14.0 -+ 1.2 
18:2n-6 3.6 _+ 0.5 5.1 _+ 0.9 3.7 -+ 0.2 10.5 + 0.3 
18:3n-6 tr 1.0 + 0.2 tr 0.6 +- 0.5 
20:4n-6 0.8 _+ 0.2 2.4 + 0.7 1.8 -+ 0.2 3.1 + 0.9 
Total n-6§ 4.7 -+ 0.4 8.7 -+ 1.5 6.2 -+ 0.6 15.0 -+ 1.5 
18:3n-3 6.2 +_ 1.6 11.4 -+ 2.3 10.6 _+ 1.5 29.9 _+ 6.1 
18:4n-3 0.9 _+ 0.6 3.4 -+ 0.2 2.0 _+ 0.2 2.4 -+ 0.2 
20:4n-3 tr tr tr 0.9 _+ 0.0 
20:5n-3 10.5 _+ 4.2 30.6 -+ 1.0 29.8 -+ 1.1 18.3 + 2.2 
22:6n-3 tr tr tr 0.9 -+ 0.4 
Total n-311 18.0 _+ 6.3 45.7 +- 2.9 42.9 -+ 3.2 52.9 +_ 3.8 
Total PUFA~" 26.3 _+ 7.1 55.8 -+ 4.7 52.1 -+ 4.0 68.7 -+ 1.6 
n-3/n-6 3.8 _+ 1.3 5.3 -+ 0.7 6.9 + 0.4 3.6 -+ 0.7 
C20 PUFA 11.7 -+ 4.4 33.5 -+ 1.6 32.2 -+ 1.6 22.9 _+ 3.2 
C~s PUFA 10.9 _+ 2.2 21.2 _+ 3.1 17.9 -+ 1.6 43.7 -+ 5.8 
C20/Cls PUFA 1.0 _+ 0.2 1.6 _+ 0.2 1.8 _+ 0.1 0.5 + 0.1 

*Values are percent by weight -+ SD from three samples of freshwater insects. 
tlncludes 15:0, 17:0 and 20:0. 
$Includes 20:1n-9, 20:1n-7 and 22:1n-9. 
§Includes 20:2n-6, 20:3n-6 and 20:5n-6. 
I[Includes 22:5n3. 
qflncludes 16:2, 16:3, 16:4 and 18:2n-9. 
tr = value < 0.05%. 

However, the housefly Musca domestica contains higher lev- 
els of 20:3n-6 than 20:4n-6 and converts 20:3n-6 to eicosa- 
noids more efficiently than 20:4n-6 (30). Similarly, 20:3n- 
6 is an efficient substrate for prostaglandin biosynthesis in 
the cricket Teleogryllus commodus (24). Conversion of both 
20:4n-6 and 20:5n-3 to prostaglandins has been noted in 
the waxmoth (26). The testicular phospholipids of the lepi- 
dopteran Pieris brassicae accumulate 20:3n-6 and 20:5n-3 
(18), both of which are potential eicosanoid precursors. The 
fatty acid compositions of all the phosphoglycerides pre- 
sented in this study establish that 20:5n-3 is the most abun- 
dant potential eicosanoid precursor in the freshwater insects 
studied, with 20:4n-6 being present in much lower amounts 
than 20:5n-3. The only exception to this is the PI from 
Corixidae, where 20:4n-6 is present in comparable amounts 
to 20:5n-3 and in much higher amounts than in PI from 
the other species analysed. These findings by themselves do 
not establish that eicosanoids are produced mainly from 20: 
5n-3 in the insects studied here, because it is well estab- 
lished that, whereas 20:5n-3 is generally the most abundant 
eicosanoid precursor in many marine animals (22), 20:4n- 
6 is commonly preferred to 20:5n-3 as an eicosanoid precur- 

sor in fish, molluscs and amphibians (3,16). It is notewor- 
thy, however, that 20:4n-6 in marine animals is commonly 
concentrated in PI (20,22) as it is in Corixidae. 

As well as being essential for the formation of eicosa- 
noids, Cz0 PUFA are essential for maintaining the structural 
integrity of biological membranes, clearly reflected in the 
present analyses in the abundance of C20 PUFA in the polar 
lipids in general, and in the major membrane phosphoglyc- 
erides, PC and PE, in particular. This structural role for C20 
PUFA is generally fulfilled in higher vertebrates by 20:4n- 
6 but in aquatic animals, whether vertebrate or inverte- 
brate, 20:5n-3 is very often the dominant  Cz0 PUFA (22) 
and the insects studied here clearly fall into this category. 
The dominance of 20:5n-3 as a C20 PUFA is particularly 
clear in marine animals where 20:5n-3 is commonly accom- 
panied by 'very substantial amounts of 22:6n-3 (20,22), 
which is essentially absent from the insects studied here and 
from many other freshwater insects studied previously 
(12,13). It has traditionally been considered that the abun- 
dance of 20:5n-3 and 22:6n-3 in cell membrane phospho- 
lipids of aquatic animals reflects an adaptation to low envi- 
ronmental temperatures, and this has already been proposed 
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TABLE 4. PE fatty acid compositions (weight %) of freshwater insects* 

Fatty acid Plecoptera Ephemerella Ecdyonurus v. Corixidae 

16:0 7.5 -+ 1.1 11.9 -+ 1.5 11.2 ± 0.7 8.6 + 1.1 
18:0 8.8 + 1.5 9.3 ± 1.3 9.4 + 1.0 23.4 + 1.3 
Total saturatest 18.4 ± 1.9 22.2 ± 2.7 21.9 + 2.3 32.6 + 2.2 
16:1n-7 4.3 ± 0.1 3.3 ± 0.7 6.7 ± 0.9 1.7 + 0.3 
18:1n-9 29.6 _+ 1.1 18.0 ± 2.2 13.3 + 1.1 15.2 _± 3.9 
18:1n-7 8.9 -+ 1.0 18.4 _+ 1.4 20.7 ± 0.7 4.1 +- 0.8 
24:1 - -  0.3 + 0.6 tr - -  
Total monoenes$ 43.2 ± 1.3 40.4 ± 2.9 40.7 ± 2.0 21.5 + 3.1 
18:2n-6 4.5 ± 0.4 3.6 ± 0.2 3.4 ± 0.1 12.9 ± 1.3 
18:3n-6 tr tr tr 0.5 + 0.1 
20:4n-6 2.9 ± 0.2 1.8 ± 0.4 1.7 ± 0.2 1.7 ± 0.5 
Total n-6§ 7.6 -+ 0.7 5.8 ± 0.5 5.6 ± 0.4 15.5 + 1.9 
18:3n-3 9.4 ± 0.2 7.9 ± 1.8 9.0 ± 1.0 17.0 + 1.5 
18:4n-3 0.6 ± 0.0 1.8 + 0.2 1.3 ± 0.0 0.8 ± 0.0 
20:4n-3 - -  tr tr 0.4 ± 0.1 
20:5n-3 20.1 ± 2.1 20.3 ± 1.0 20.0 ± 1.8 10.3 + 1.7 
22:5n-3 tr 0.2 ± 0.3 0.6 ± 0.8 0.3 + 0.3 
22:6n-3 - -  0.7 _+ 0.7 tr tr 
Total n-3 30.2 ± 2.3 30.9 ± 1.1 31.1 ± 3.2 28.9 ± 1.8 
Total PUFAII 38.4 ± 2.2 37.4 ± 1.7 37.4 ± 4.1 45.9 + 4.1 
n-3/n-6 4.0 -+ 0.4 5.3 ± 0.3 5.6 ± 0.3 1.9 + 0.2 
C20 PUFA 23.1 -+ 2.1 22.4 ± 0.8 22.1 ± 2.0 12.7 ± 2.3 
C~s PUFA 14.6 ± 0.6 13.6 _+ 1.6 14.0 ± 1.2 31.8 ± 1.6 
C20/C1~ PUFA 1.6 ± 0.1 1.7 -+ 0.3 1.6 ± 0.1 0.4 -+ 0.1 

*Values are percent by weight -+ SD from three samples of freshwater insects. 
tlncludes 14:0. 15:0, 17:0 and 20:0. 
$lncludes 20:1n-9, 20:1n-7 and 22:1n-9. 
§Includes 20:2n-6, 20:3n-6 and 22:5n-6. 
IIIncludes 16:2, 16:3, 16:4 and 18:2n-9. 
tr = value < 0.05%. 

to account for the abundance of 20:5n-3 (and also 20:4n- 
6) in the range of aquatic insects studied by Hanson et al. 
(13). However,  it has more recently been proposed that  the 
uniqueness of C20 an C= P U F A  in determining the special 
structural and functional  properties of biomembranes re- 
flects much less the phase transit ion temperatures ("melt ing 
points")  of these fatty acids, which in the cases of 20:4n- 
6, 20:5n-3 and 22:6n-3 are far below 0°C, and much more 
their  unique comformations arising from their  basic methy- 
lene-interrupted cis-dienoic structures {20). This proposi- 
t ion is consistent with C20 and C22 PUFA,  whether  of the 
n-6 or n-3 series, being abundant  in a wide range of animals, 
both  poiki lothermic and homeothermic ,  over a wide range 
of ambient  temperatures. It is particularly relevant  to the 
marked abundance of 22:6n-3, with its unique conforma- 
t ional and structural properties, in the highly specialised 
sperm, neural and retinal  cell membranes of vertebrates 
(21). It is notable in this context  that  the insects studied 
here, and the range of aquatic insects studied previously 
(12,13), effectively lack 22:6n-3. It can be inferred that  the 
role fulfilled in vertebrate neural and ret inal  tissue (and 
other  body tissues) by 22:6n-3 is readily fulfilled in insect 
neural and retinal  tissue by 20:5n-3, which may account for 

the abundance of C20 PUFA in the retina of the butterfly 
(17) and the spermatophores of the cricket (27) referred to 
earlier. 

There  is now accumulating evidence that  the 20:5n-3 
and 22:6n-3 abundant  in marine invertebrates and verte- 
brates are directly derived from unicellular phototrophs and 
heterotrophs at the base of the marine food web (21). The  
situation for freshwater insects, and freshwater invertebrates 
in general, is much less clear. However,  a dietary origin of 
some, if not  most of their  C1~ and C20 PUFA is probable if 
not  certain. Thus, higher levels of C20 PUFA are present 
in carnivorous terrestrial insects than related phytophagous 
species (29), consistent with a substantial dietary origin. It 
is likely, therefore, that  higher proportions of C20 PUFA are 
present in aquatic species that  are predatory. It is not  always 
easy to locate every insect species in a specific feeding group, 
because this is influenced by the general food availability 
in an ecosystem at a certain period of t ime and not  solely 
related to feeding mechanisms. However, according to the 
functional  feeding classification proposed by Cummins  and 
Klux (9), the insect species considered here are mostly car- 
nivorous. Perlid nymphs (Plecoptera, suborder Archiperla-  
ria), common in British rivers, are largely carnivorous, prey- 
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TABLE 5. PS fatty acid compositions (weight %) of freshwater insects* 

Fatty acid Plecoptera Epbemeeella Ecdyonurus v. Corixidae 

14:0 tr 0.5 +_ 0.2 0.6 -+ 0.2 0.6 -+ 0.4 
16:0 7.6 _+ 1.5 11.3 _+ 6.1 8.9 -+ 2.0 8.3 +_ 2.2 
18:0 19.9 _+ 2.5 17.3 _+ 1.5 16.7 +- 0.2 23.2 +-- 3.1 
Total saturatest 29.3 + 2.6 30.4 + 7.9 28.3 -+ 2.5 34.3 +- 1.2 
16:1n-7 3.7 _+ 1.6 4.8 -+ 2.9 6.0 +- 1.1 2.2 -+ 1.0 
18:1n-9 19.5 + 1.9 13.6 _+ 0.9 10.8 -+ 0.4 14.5 -+ 2.2 
18:1n-7 8.4 -+ 1.2 12.7 + 1.1 13.5 + 1.2 3.1 + 0.8 
24:1 - -  0.4 -+ 0.3 0.3 _+ 0.3 - -  
Total monoenes$ 32.3 _+ 4.1 31.6 _+ 4.1 31.2 + 2.7 20.3 + 3.8 
18:2n-6 3.8 _+ 0.3 3.1 _+ 0.4 2.7 -+ 0.3 8.0 + 1.4 
18:3n-6 0.3 + 0.2 tr tr 0.4 + 0.3 
20:4n-6 4.3 + 0.7 2.2 - 0.9 2.8 _+ 0.7 3.2 + 2.4 
Total n-6§ 8.5 _+ 0.8 6.0 -+ 0.9 6.3 + 0.8 12.1 -+ 3.8 
18:3n-3 7.3 _+ 0.2 5.9 _ 0.9 5.2 _+ 0.4 16.8 -+ 1.3 
18:4n-3 0.3 +_ 0.3 2.2 -+ 2.1 1.0 -+ 0.2 1.0 -+ 0.4 
20:4n-3 tr 0.6 -+ 0.6 0.4 + 0.1 0.5 -+ 0.2 
20:5n-3 21.7 _+ 2.7 22.2 _+ 4.0 27.1 -+ 4.6 14.6 -+ 1.2 
22:5n-3 tr tr 0.4 -+ 0.3 0.3 _+ 0.3 
22:6n-3 tr - -  - -  tr 
Total n-3 29.8 _+ 2.3 31.0 + 4.9 34.0 + 4.7 33.3 -+ 2.2 
Total PUFAII 39.3 _+ 1.3 39.2 _+ 5.5 42.8 -+ 7.1 47.2 -+ 4.9 
n-3/n-6 3.5 _+ 0.5 5.3 _+ 1.0 5.4 -+ 0.1 2.9 -+ 0.8 
C20 PUFA 26.2 _+ 2.8 25.4 -+ 4.2 30.7 + 5.4 18.8 -+ 3.5 
C~8 PUFA 11.8 + 0.6 12.1 + 2.2 9.8 + 1.7 26.8 + 0.9 
C20/C18 PUFA 2.2 + 0.4 2.1 -+ 0.3 3.2 -+ 0.8 0.7 + 0.1 

*Values are percent by weight -+ SD from three samples of freshwater insects. 
tlncludes 15:0, 17:0 and 20:0. 
:Hncludes 20:1n-9, 20:1n-7 and 22:1n-9. 
{}Includes 20:2n-6, 20:3n-6 and 22:5n-6. 
IIIncludes 16:2, 16:3, 16:4 and 18:2n-9. 
tr = value < 0.05%. 

ing chiefly on Ephemeroptera nymphs and Chironomid 
larvae (19). They are usually classified as predators or shred- 
ders of coarse particulate organic matter, including leaves, 
needles and nonwoody material with associated fungi and 
bacteria (31 ). Among diptera, only a few species have phy- 
tophagous larvae, whereas all the others are either sapropha- 
gous or predatory. Coleoptera larvae are also saprophagous, 
feeding on decaying organic matter, and in this habitat fungi 
may also form an important part of the diet (5). Notonectidae 
are markedly predatory, attacking small fish and tadpoles, 
whereas Corixidae are microphagous, feeding on algal cells 
and diatoms. Ephemeroptera are collector/gatherers of fine 
particulate organic matter, or scrapers. These very varied 
foods clearly offer a wide range of dietary PUFA to insects, 
and although little is known of their lipid composition, it is 
probable that they present abundant amounts of all of the 
PUFA present in the insects analysed in the present study. 
This proposition is supported by the presence of substantial 
amounts of 20:5n-3, 18:3n-3 and 18:2n-6, and also signifi- 
cant amounts of 20:4n-6 in the insects' neutral lipid, whose 
fatty acid composition will reflect that  of dietary lipid much 
more directly than cell membrane phospholipid. 

There are two final aspects to be considered in elucidat- 

ing the origin of insect PUFA, the first being the extent to 
which insects are capable of converting 18:2n-6 and 18:3n- 
3 derived from the diet to 20:4n-6 and 20:5n-3, respec- 
tively. Evidence that these processes occur to some extent 
in the insects studied here is the preponderance of C20 
PUFA relative to C18 PUFA in polar lipid and the phospho- 
glycerides as compared with the neutral lipid. Thus, the pre- 
ponderance of C18 PUFA in the neutral lipid is likely to 
reflect direct dietary input, whereas the preponderance of 
C20 PUFA in the phosphoglycerides is likely to reflect the 
conversion in tissues of C18 PUFA assimilated in the diet 
to C20 PUFA. Although values obtained from C20/Cls 
PUFA ratios do not prove absolutely the existence of A6 
and A5 desaturase activities, this ratio has been used in con- 
junction with direct measurement of desaturase activities 
using radioactive precursors to confirm the existence of C20 
PUFA synthesis in a number of insect species (25). The 
second aspect is the extent to which the ability to form C18 
PUFA de n o v o  from 18: ln-9, which has been reported for 
some species of insects (4), extends to other insect species. 
As noted earlier, this property has the important potential 
to release those insect species concerned from a nutritional 
dependence on dietary PUFA. Until  these two aspects of 
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TABLE 6. PI fatty acid compositions (weight %) of freshwater insects* 

Fatty acid Plecoptera Epbemerella Ecd%onurus v. Corixidae 

14:0 0.3 - 0.2 0.7 -+ 0.3 1.2 + 1.1 0.5 -+ 0.4 
16:0 11.0 -+ 1.0 13.9 + 3.1 14.6 -+ 8.3 12.5 -+ 2.3 
18:0 13.5 + 3.6 14.4 -+ 4.1 12.5 + 2.2 15.8 -+ 3.2 
Total saturatest 28.2 _+ 2.2 31.4 -+ 6.3 31.2 -+ 7.3 30.1 + 5.5 
16:1n-7 4.8 -+ 2.6 4.1 -+ 2.1 14.0 -+ 5.2 2.8 + 0.7 
18:1n-9 9.5 _+ 0.7 5.6 + 1.0 5.5 -+ 1.9 8.1 + 1.1 
18:1n-7 6.6 _+ 0.6 8.8 _+ 1.1 11.0 -+ 1.9 3.0 + 0.7 
24:1 0.2 _+ 0.4 0.4 -+ 0.5 - -  tr 
Total monoenes$ 22.7 +_ 3.2 19.3 _+ 2.8 30.9 + 9.2 14.4 -+ 2.2 
18:2n-6 4.7 -+ 2.7 4.0 +- 2.6 1.0 -+ 0.3 8.6 + 3.8 
18:3n-6 tr 0.3 -+ 0.2 tr tr 
20:2n-6 0.2 _+ 0.1 0.6 _+ 0.3 0.1 -+ 0.1 1.0 _+ 1.2 
20:3n-6 - -  - -  - -  1.7 + 2.5 
20:4n-6 3.0 -+ 0.8 0.9 + 0.4 0.9 + 0.6 11.6 _+ 1.9 
Total n-6 8.0 _+ 2.4 5.7 -+ 2.4 2.1 -+ 0.8 23.1 _+ 4.3 
18:3n-3 9.1 + 4.0 12.9 -+ 11.5 6.6 -+ 5.7 14.9 + 6.1 
18:4n-3 0.7 -+ 0.2 1.5 -+ 0.6 0.4 ±- 0.3 0.3 _+ 0.4 
20:4n-3 - -  tr 0.3 -+ 0.2 0.4 -+ 0.5 
20:5n-3 28.8 _+ 7.0 26.5 _+ 8.8 25.5 + 11.4 15.1 _+ 3.3 
22:5n-3 0.2 + 0.4 0.3 _+ 0.4 tr tr 
22:6n-3 0.4 + 0.6 0.3 _+ 0.4 - -  tr 
Total n-3 39.4 -+ 3.4 41.6 + 2.5 33.0 ± 14.2 30.9 _+ 3.6 
Total PUFA§ 48.7 ± 3.3 49.2 -+ 5.5 37.8 ± 15.8 55.4 ± 7.6 
n-3/n-6 5.3 _+ 2.1 8.5 -+ 4.2 17.3 ± 10.8 1.4 + 0.2 
C20 PUFA 32.1 ± 7.6 28.1 _+ 9.2 26.8 ± 11.8 29.9 ± 8.6 
Cls PUFA 14.7 ± 6.7 18.9 -+ 13.3 9.4 -+ 6.5 24.7 -+ 10.4 
Cz0/C~s PUFA 2.6 _+ 1.4 2.3 ± 1.8 3.4 -+ 1.9 1.4 -+ 0.7 

*Values are percent by weight -+ SD from three samples of freshwater insects. 
tlndudes 15:0, 17:0 and 20:0. 
~:Includes 20:1n-9, 20:1n-7 and 22:1n-9. 
§Includes 16:2, 16:3, 16:4 and 18:2n-9. 
tr = value < 0.05%. 

the PUFA nutri t ional  biochemistry of insects are eluci- 
dated, our understanding of the sources and functions o f  

PUFA in insects is likely to cont inue to lag substantially 
behind that for vertebrates. 
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